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INTRODUCTION 
In Brazil, few studies can be found on the characterisation of naturalised cattle breeds. Many 
breeds, which were once economically important, are now rare, and may have traits with 
economic potential (Hall and Bradley, 1995). The Brazilian cattle breeds were developed from 
breeds brought by the colonisers soon after the discovery of Brazil (1500ad). With the 
importation of some exotic breeds, especially zebu, the native breeds were gradually 
substituted, becoming threatened with extinction. The study of their genetic variability is of 
prime importance (Egito et al., 1999). Although the exotic breeds are considered more 
productive, they lack adaptive, disease and parasite resistance traits found in the native ones. 
Genetic distances and genetic variability within and between breeds were studied to verify their 
uniqueness. 
 
MATERIAL AND METHODS 
The five naturalised cattle breeds studied were: Pantaneiro (PAN), Crioulo Lageano (CL), 
Curraleiro (CU), National Polled (NP) and Caracu (CA). The Holstein-Friesian (HOL) (Bos 
taurus) was included as a control group and the Nellore (NEL) (Bos indicus) as an outgroup. 
The total sample size was 336 individuals, which included 48 (47 NP) animals of each breed. 
Genomic DNA was obtained from blood samples or frozen semen samples. A total of 120  
oligonucleotide primers (Operon Technologies Inc., Alameda, Calif.: A, B, E, J, K and AB) 
were screened using unique samples of DNA from distinct breeds. Primers were designated as 
useful if they yielded well-amplified, distinguishable polymorphic bands, and generated at least 
4 polymorphic bands. A total of 22 primers were selected and used to amplify DNA from all 
individuals (OPA 2, OPA 4, OPA 8, OPA 9, OPA 11, OPA 12, OPA 15, OPA 16, OPA 17, 
OPA19, OPB 1, OPB 8, OPB 12, OPE 12, OPJ 7, OPJ 8, OPJ 12, OPJ 14, OPJ 17, OPAB 1, 
OPAB 4 and OPAB 5). Data were analysed using NTSYS-pc, version 2.0 (Exeter Software, 
Setauket, N.Y.). Similarities between individuals were estimated using Jaccard coefficients  
(Sneath and Sokal, 1973) and the resulting pair wise similarities were expressed as distance 
matrices. The genetic distances between breeds were calculated using the POPGENE version 
1.31 (Yeh et al., 1999), which also generated genetic diversity indexes for each breed, as a 
function of the means of their allelic frequencies, based on Nei (1973). The analysis of 
molecular variance (AMOVA) (Excoffier et al., 1992) was used to separate the variance 
between and within populations using the ARLEQUIN program (Excoffier et al., 2000).   
 
RESULTS AND DISCUSSION 
Table 1 shows the distribution of genetic variability between and within breeds using 
AMOVA. When all breeds in the study were used, the greater part of total genetic variability 
(70.04%) is due to differences between individuals within populations while the remaining 
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29.96% is due to differences between breeds.  When the analysis was carried out with only the 
native breeds, the within breed variability increased to 83.73%, with a corresponding 16.27% 
between breeds.  
 
Table 1. AMOVA of the seven populations (breeds) studied, using 122 RAPD markers  
 

 DF SS MS %Total 
Between breeds 6 1709.453 284.901 29.962 
Within breeds 328 4352.064 13.26849 70.04 

Between native breeds1 4 557.652 139.413 16.272 
Within native breeds 234 3170.172 12.54775 83.73 

1Only native breeds; 2P<0.05; DF–degrees of freedom, SS–Sum of  Squares; MS–Mean Squares 
 

All genetic differences between pairs of breeds were statistically significant (P<0.05) (Table 
2). Therefore, all breeds may be considered genetically distinct. The lowest genetic variability 
was between CL and CU breeds (9.26%) while the highest was between NEL and HOL 
(57.5%) and NEL and CA (51.39%). In both cases, the genetic variability between was greater 
than within breeds. This can be explained by the genetic divergence between taurine and zebu. 

 
Table 2. Genetic distances between 7 cattle breeds (corrected distances above the 
diagonal) 
 

Breed CA CL CU HOL MN NEL PAN 
CA *** 0.0813 0.0650 0.0930 0.0847 0.3879 0.0951 
CL 0.0842 *** 0.0424 0.0857 0.0464 0.2536 0.0599 
CU 0.0680 0.0458 *** 0.0940 0.0566 0.2971 0.0510 

HOL 0.0950 0.0883 0.0965 *** 0.0766 0.4234 0.1108 
NP 0.0877 0.0499 0.0600 0.0801 *** 0.2585 0.0738 

NEL 0.3909 0.2571 0.3006 0.4260 0.2621 *** 0.2550 
PAN 0.0981 0.0633 0.0544 0.1133 0.0773 0.2590 *** 

 
The genetic diversity index was calculated for all breeds (Table 3). This analysis was based on 
the mean allelic frequency of the 122 RAPD markers. The lowest genetic diversity was found 
in HOL (0.1342), a highly specialised and selected breed. The fixation of some alleles may be 
the cause of the decrease in genetic variability. The highest genetic diversity was found in NEL 
(0.2524), a more recent breed with a large effective population in Brazil. With respect to the 
native breeds, CA had the lowest genetic diversity (0.1904). The Caracu Breeder’s Society 
maintains a herd book since 1983, and has worked on its genetic standardization. These results 
agree with Poli (1985) who, using blood factor phenograms, also observed lower gene diversity 
in CA. The same author stated that the only group of native Brazilian cattle that could be called 
a breed was the CA, but NEL, the largest breed in the country, has a greater index than all 
others used in this study. The estimates of genetic distances between the investigated 
populations were calculated to help in the study of genetic relationships and genetic divergence 
between pairs of populations for standard genetic distances (Nei, 1972) and those corrected for 
small populations (Nei, 1978) (Table 4). The standard genetic distances (Dp) were higher than 
the corrected distances (Dc).  
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Table 3. Genetic variability due to difference between breeds, estimated by AMOVA 
 

 CA CL CU HOL MN NEL 
CL 20.10 -     
CU 17.51 9.26 -    

HOL 30.49 26.31 28.85 -   
MN 23.03 11.06 14.17 27.15 -  
NEL 51.39 37.54 42.25 57.55 39.65 - 
PAN 23.40 14.00 12.65 31.36 16.99 38.87 

All values are statistically significant (P<0.05). 
 
Table 4. Genic diversity of breeds (*h), obtained using the POPGENE program 
 

Breeds CA CL CU HOL NP NEL PAN 
(*h) 0.190 0.241 0.249 0.134 0.245 0.252 0.246 

 
The greatest distances were obtained where one breed was Bos indicus (NEL) and the other, 
Bos taurus (all other breeds). The largest Dp and Dc were between NEL and HOL (0.4260 and 
0.4234, respectively) and in terms of the native breeds between NEL and CA (0.3909 and 
0.3879). These results confirm the genetic variability indices obtained in the AMOVA analysis 
above. The breeds closest to NEL were CL (0.2571 and 0.2536) and PAN (0.2590 and 0.2550). 
This may be explained by the historical data where, in the past, NEL or crossbred NEL bulls 
were used. The lowest divergence was observed between CL and CU (Dp 0.0458 and Dc 
0.0424). Phenotypic traits of these breeds are different and they inhabit distinct regions (South 
and Central West). Poli (1985) found the smallest difference between CL and PAN. In spite of 
these different results, Primo (1993) stated that the probable ancestor of CU, CL and PAN was 
the Bos taurus ibericus, while for CA and NP was the Bos taurus aquitanicus. The mean Dp 
and Dc values between the native breeds were 0.0688 and 0.0646, respectively. The mean Dp 
and Dc of these breeds with the HOL were 0.0936 and 0.0920, respectively and with NEL, 
0.2939 and 0.2904. The lower values between the native breeds were expected as, according to 
the literature (Mariante, 1993 ; Primo, 1993 ; Mazza et al., 1994), these breeds have similar 
origins. The dendrogram is shown in Figure 1. Bos taurus breeds are grouped in one cluster 
separate from another, which contains NEL (Bos indicus). Native breeds are in a cluster 
separated from HOL, confirming the hypothesis of a common ancestor. On the native breed 
cluster, the smallest genetic divergence was shown between CL and CU and the NP was 
grouped with animals considered of Bos taurus ibericus origin (CU, CL and PAN). CA has the 
best genetic standard defined within the native breeds, as its animals are all within the same 
cluster. This may be due to the selection, as well as the work carried out by the Breeder’s 
Association to maintain this breed. NEL and HOL also are grouped in single clusters. In 
general, the native breeds are grouped in clusters, except for NP, where 29 animals are grouped 
beside the HOL cluster and the rest are distributed within the clusters of the other breeds. This 
may reflect genetic dilution. NP was considered practically extinct in the 1970s and various 
breeders crossed these animals with other breeds, which justifies their distribution throughout 
the dendrogram. Its phenotypic similarity to CA led to the belief that this was a polled version 
of CA, and today it is registered by Caracu Breeder´s Association as “Caracu Polled Variety”. 
In spite of a phenotypic similarity these breeds are not genetically similar. With the breeding 
strategies being carried out, the tendency will be for them to become genetically similar. Due 
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to these results, the insertion of NP in the CA Herdbook should be rethought. Various “lesser” 
clusters were formed near NEL group (not shown), which include PAN, CL and NP animals 
separated from the general Bos taurus cluster. These may represent miscegenation of these 
animals due to crossbreeding. Some individuals were not grouped within their respective breed 
cluster, such as two CL and one CU, which appeared between CA and HOL clusters. The 
explanation may lie in classification errors of the animals due to the UPGMA method where a 
single band, common to these individuals led to bias in the grouping. HOL had the greatest 
genetic similarity between its individuals. The native breeds, with the exception of the CA, 
lack standardization and control. Crossbreds of these breeds with zebu, commercial breeds or 
with animals not genetically similar should be  excluded from conservation programs.  

Coefficient
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 PAN
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 NEL

Figure 1. Dendrogram generated by the UPGMA method  
 
CONCLUSIONS 
We can conclude that : the native CA, CL, CU and PAN can be considered distinct genetic 
entities, proving their uniqueness and the importance of their conservation ; CA has the best 
genetic standard, showing the importance of the Herdbook for its maintenance and 
conservation ; zebu genes have been introduced into some of the animals of the native breeds, 
especially CL, NP and PAN ; the smallest genetic distance was found between CL and CU, 
confirming their common origin (Bos taurus ibericus); although NP was important at the start 
of last century, has not managed to re-establish after its decline in the 50´s, having lost its 
genetic identity. 
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