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1) Purpose of the visit


This exchange visit was performed with the purpose of estimating admixture levels in the Brazilian Nelore population and with the intention of localizing genomic regions of predominantly taurine origin. Further on, there was interest in exploring the possible functional importance of discovered regions for the production and adaptation of this breed in the Brazilian environment.

2) Description of the work carried out during the visit
During this visit to Piacenza - Italy, admixture levels and different population structure parameters were analyzed using high density (777k) Single Nucleotide Polymorphism (SNPs) genomic markers genotyped for a large array of individuals belonging to different cattle breeds. Initial quality control of the genotypes was performed removing all non-autosomal SNPs, and considering SNP and individual genotyping rates for all genotypes corresponding to individuals of the same breed together. Later the genotypes for all breeds were merged and SNPs showing minimum minor-allele frequencies in the complete sample were removed. The estimations of the levels of autosomal admixture in the Brazilian Nelore population were performed with the ADMIXTURE  software, using a wide array of different breeds as reference populations to explore the behaviour of the estimates when changing the number of individuals, the breeds included and to decide further on the breeds to be included for the final estimations. Other population genetic studies were performed to asess the levels of differentiation among the studied breeds including breed-pairwise Wright’s-Fst and a Principal Component Analysis (PCA) based on the Genomic Kinship Matrix. 
Apart from the Nelore population other Brazilian Cattle was also used for analyses, including three Creole breeds, Caracu, Curraleiro and Pantaneiro, which are candidate populations for the possible origin of the taurine introgression according to historical records, and Gir, another Indicine breed of current importance for milk production in the tropical areas of the country. Other breeds used for analyses included the European taurine breeds Angus, Holstein, Brown Swiss, Fleckvieh, Hereford, Piedmontese, Marchigiana, Chianina and Romagnola; the African taurine breed N’Dama; and two Pakistani indicine breeds Lohani and Tharparker. Inside the Nelore population, only young animals born after 2000 were kept for analysis to represent the current population and a division of the breed into two sets was performed, corresponding to a major division in the breeding programs into “pedigree” and “production” type. The pedigree type animals belong to programs using only breeding stock which is registered as pure by pedigree and with a strong focus on type traits such as conformation to breed standards. The production type set includes individuals bred in commercial programs, not registered as pure, and with a main focus of the breeding strategies in growth and other productive traits of importance in beef production. These two sets were compared to assess if there was a strong differentiation among these two types of cattle inside the breed, and whether larger levels of admixture existed in the commercial population as compared to the pedigree lines.
For the Nelore breed the levels of admixture were estimated for each autosomal chromosome as a first approach for the detection of regions with higher than expected taurine introgression. For the two chromosomes with the highest estimated admixture levels, regional admixture was explored using three approaches: 1) Allele frequency deviations, 2) SNP-wise Fst estimations, and 3) HAPMIX, a local admixture estimation software. For the first approach the allele with the highest frequency in the taurine populations was defined as the reference allele for analysis, and subsequently the frequency of this allele was estimated for the taurine reference, the pure indicine reference and the Nelore population. Using the estimated frequencies a search was performed for regions of continuous SNPs showing allele frequencies more similar to the taurine frequencies than to the indicine frequencies. In the second approach the single-SNP Fst values were explored to search for regions in the chromosome where continuos SNP’s exhibited extreme Fst values, located in the highest 1 and 5% distribution of Fst values. For the third approach haplotypes were constructed for two reference populations composed of pure European taurine breeds and pure indicine breeds, and the genotypes of the Nelore population were used to estimate local levels of taurine admixture along the chromosome.
One more analysis was performed to evaluate the capacity of the mitochondrial SNPs included in the used SNPBeadChip to separate mitochondrial haplogroups. For this step ll mitochondrial SNPs were extracted and quality control performed to exclude SNPs and individuals with low genotyping rate and not exhibiting variation in the sample. These SNPs were then used to build haplotypes for each individual using the fastPHASE software and frequency of each haplotype for each breed was estimated. 

3) Description of the main results obtained

Population Structure
The PCA results clustered the individuals inside each breed close together with minor mixings of individuals inside the Brazilian Creole populations, and clustering the European Angus, Holstein, Brown Swiss and Fleckvieh breeds very close together. The first component of the PCA explained the division into taurine and indicine (sub)species, while the second component divided the European and African taurine breeds, and the Nelore and Gir indicine breeds. The Fst results showed the lowest level of differentiation between Nelore and Gir, and the highest level of differentiation between the Hereford and the Brazilian Creole Curraleiro.

Admixture analyses performed using 2 to 4 assumed ancestries (K) separated the taurine and indicine ancestries, then the African taurine, and lastly the Nelore and Gir breeds were assigned different ancestries. Overall minor levels of taurine admixture were observed in Nelore and Gir with 0.5% average and 0.12% average European taurine ancestry respectively for each breed, and 0.23% in Nelore and 0.12% in Gir of estimated average African taurine ancestry. Indicine and African taurine ancestry was also observed in some taurine breeds, with the three Italian breeds exhibiting less than 10% indicine admixture, and an average 17% African taurine ancestry, and the Piedmontese breed showing 10% African taurine ancestry. The Brazilian Creole breeds showed a major component of European taurine ancestry, between 10 and 30% of Indicine ancestry and an average of 12% African ancestry, with the highest levels of indicine ancestry been observed in the Pantaneiro breed.

Local Admixture

The estimates for average chromosomal admixture levels found for the Nelore breed were systematically higher in the average sum of all chromosomes and for every single chromosome than those obtained using the complete set of genome-wide autosomal SNPs. Additional analysis removing SNPs in high correlation (i.e. exhibiting r² linkage disequilibrium levels higher than 0.2) were performed but the results obtained were still higher for the chromosome estimations as compared to the whole autosomal set. The results from the local ancestry approaches did not point out to specific regions of the genome having higher taurine ancestry. In general SNPs showing allele frequencies more similar to the taurine reference and SNPs showing high levels of Fst were randomly distributed across the analyzed chromosomes, and no specific regions with continuous SNPs showing either characteristic could be identified. The estimations obtained from the software used for local Admixture, HAPMIX, also did not point out to specific regions of higher taurine ancestry and in general the levels of admixture for the complete chromosome estimated through this method were higher than the levels obtained by using the ADMIXTURE and STRUCTURE software using the same SNP set (SNPs in each one of the two analyzed chromosomes).

Mitochondrial haplotypes
The analysis of the frequency of haplotypes indicated that the mitochondrial SNPs included in the SNP Beadchip used have low power to distinguish the known main cattle mitochondrial haplogroups and most of the SNPs are removed through quality control as they show no variation between breeds. One of the haplotypes was found in common and exhibiting the highest frequency in all taurine populations, including the African taurine N’Dama, and the Nelore and Gir populations. The reference indicine groups used, including a set of Nelore imported from India, Tharparker and Lohani breeds, exhibited an almost completely fixed haplotype, which was not present in any of the taurine breeds, but two of the indicine animals were found to have the highest frequency haplotype in the taurine breeds. The indicine specific haplotype was found in the Nelore and Gir with a much lower frequency. These results indicate that the SNPs cannot differentiate the taurine African and European groups, and that they might be able to separate the major division of the haplogroups into taurine and indicine, but this needs to be confirmed by the use of mitochondrial sequence data to determine if the haplotypes found correspond to the specific haplogroups, and if the individuals from the indicine reference showing a different haplotype truly possess a taurine typical haplogroup.   

Conclusions
The focus population of this study, the Nelore breed, showed very small levels of taurine introgression in the autosomal genome with less than 1% average taurine admixture, while the evidence from the mitochondrial haplotypes supported by historical records and molecular mitochondrial analysis reported in the literature, corroborate the introduction of taurine animals at some point in the history of the formation of the breed derived mainly from the use of taurine females. While our results from mitochondrial haplotypes are not conclusive, they support the taurine nature of the mitochondrial DNA in a large proportion of the young Nelore individuals, while the autosomal results indicate an almost exclusive indicine ancestry. Together both results indicate that even though there was taurine introgression in the Brazilian Nelore population, the breeding strategies adopted in Brazil, focused in the expansion of the indicine ancestry and “purification” of the breed, have reduced the taurine ancestry in the genome of this breed to minimum levels. The efforts in localizing regions of the genome in the Nelore that exhibit taurine origin were unsuccessful possibly due to the very low levels of taurine ancestry observed which can make the currently available approaches with SNP data unsuitable for this specific analysis. Most approaches to local admixture estimations up to date have been successfully applied in populations showing between 10 and 90% of one ancestry, mostly in populations of two known ancestries, which was not the case for this specific population.
4) Future collaboration with host institution (if applicable)


Further analysis of selected results of this investigation is currently being performed in collaboration with the host institution. This includes a deeper analysis of the admixture levels in the Brazilian Creole breeds which were only used as a reference population in the current study; given the higher proportions of taurine and indicine ancestry estimated in this breeds during the project, and the differences observed in the different breeds included, efforts to localize regions with high levels of african taurine and indicine introgression that are candidate selection signatures seem more promising for application in this breeds. Further investigation in Nelore is foreseen in the near future using full genome sequence data from Nelore and other breeds, in collaboration with the USDA and UNESP Brazilian partners. Monthly skype meetings have been taking place previous to the visit and have continued after the visit, were the current state of the project and results are discussed, and they include BOKU, Unicatt-Piacenza and UNESP collaborators, with ocassional participation of other collaborators on specific topics. All efforts on the project will continue to be coordinated by the Brazilian partners from UNESP, who are working on increasing the data availability for the Brazilian creole breeds and leading the collection of sequence data. The final manuscript was drafted and submitted in collaboration with all previously mentioned partners, and results were discussed using e-mail correspondence.
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Publication of the main results obtained, in the form of a short communication, has been submitted to GSE journal (Genetics Selection Evolution) and is currently under review. ESF was properly acknowledged in the submitted manuscript.
6) Other comments (if any)
The genotypes used for this study were provided by: United States Department of Agriculture – USA, Zebu Genomic Consortium - Brazil, EMBRAPA - Brazil, ZuchtData - Austria and Università Cattolica del Sacro Cuore – Italy.
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