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ABSTRACT

The signals of selection using candidate genes polymorphism were studied in five zebu breeds of Mexico. Three loci
from GHRH and complementarily Steroyl Co Desaturase F762, Dopamine Beta Hydroxilase 17299, and LEP3272 were
identified under selection. Findings depict Zebu selection pressure mainly on Brahman breed resulting in a divergent
structure pattern.
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The Zebu cattle (Bos taurus indicus) is the second group of breeds most successful in
terms of their worldwide distribution!. A significant proportion of the cattle raised in
tropical and subtropical regions have the advantage of Bos t. indicus breeds physiological
adaptability to thermal stress2 and their genetic resistance to diseases and parasites?.
Diversity in Zebu cattle is related to their origin and use. For instance, Brahman has a
synthetic breed origin and was created in the United States of America mostly with the
influence of Guzerat and Nellore breeds®. Currently is the most popular zebu breed in
Mexico. Nellore, Gyr, Guzerat and Indubrazil were introduced to Mexico from Brazil.
Sardo Negro is the only one considered as Mexican cattle breed and was obtained through
crosses between Zebu breed, from Gyr, Indubrazil and Brahman®. In Mexico, all Zebu
breeds are used in crossbreeding strategies (with B. t. taurus) in systems with dual
purpose. In general, all pure Zebu breeds are oriented to beef production, meanwhile, Gyr
and Sardo Negro has also been oriented by selection to milk production.

Differences between productive orientation and breeding management of Zebu breeds
throughout the years are expected to fix some genomic variants in loci under a different
degree of selection. Theoretically, this loci fixation would allow the detection of some
signatures of divergence®. The strategy of candidate genes is based on the physiological
function, biochemical processes and metabolic pathways related to phenotypic traits®. This
viewpoint has been focused on the seeking of genetic variation associated to traits of
economical relevance’. Recently, Hernandez et al.” using a selected candidate gene panel
identified significantly associations of polymorphisms in Leptin and Growth hormone
genes on live weight traits, supporting this approach on the searching of causative loci.
Henceforth, candidate gene strategy might be effective to expose some specific variations
that represent signals of unique and shared selection®. This study assesses the population
structure of five Zebu breeds and the identification of signatures of divergent selection
among them using a panel of candidate genes.

Five hundred and forty-eight samples from Brahman (n= 356; 40 herds), Guzerat (n= 20,
5 herds), Gyr (n= 40, 8 herds), Indubrazil (n= 24, 6 herds) and Sardo Negro (h=108, 10
herds) breeds were randomly sampled and genotyped by a custom 106 SNP panel
(Appendix 1). Since very few samples were available, Nellore and Red Brahman breeds
were formerly considered, but were later excluded from the analysis. All included animals
were young males (age >365 d), sire candidates or already used as sires. All animals are
included into the national genetic evaluations program of the Asociacion Mexicana de
Criadores de Cebu. Genetic evaluations have been performed since nearly 2003, and sire
summaries are yearly published. In Mexico, the implementation of genetic improvement
programs includes the use of genetic values for live-weight traits only. Notwithstanding,
the Asociacion Mexicana de Criadores de Cebu from México was one of the first
organizing registering field data in all their breeds since 1996, the organization of
breeding programs and genetic evaluations begun until the early years of 2000°s®. There is
no documentation available for the animals sampled in the present manuscript on the
breeding values use for selection; however, the traditional breed pattern selection is
broadly used in these herds. For Brahman, the most popular Zebu breed in Mexico, there
is evidence of introduction germplasm and active genetic flow from USAS,

Genotyping was performed by GeneSeek Inc. (Neogen, Lincoln, NE, USA) using the
Sequenom MassARRAY® system (iPLEX GOLD; Sequenom, San Diego, CA, USA).
SNPs selected were located at candidate genes previously associated to different traits (i.e.
live-weight, milk yield and composition, beef quality and temperament).

A population structure analysis was conducted using Bayesian coancestry analysis by
STRUCTURE 2.3.4° considering 50,000 burning period length and 200,000 MCMC
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replicates after burning. Both, admixture and not admixture models were analyzed.
STRUCTURE HARVESTER software!® was later used to infer Delta K statistic based on
the rate of change in the log probability of data between successive K values estimated in
STRUCTURE, as suggested by Evanno et al.'!, the lower this value, was considered the
most likely K. Additionally, a principal component analysis (PCA) of structure using
PCADAPT package®? was conducted in order to corroborate previous analysis without the
Hardy Weinberg loci assumption (No migration, mutation, genetic drift nor selection) of
STRUCTURE analysis. The same software of PCA was used to perform a population
based analysis for the detection of the signal of selection was performed by using a
stringent threshold to detect outliers (Alpha= 1.0 e-6.). An outlier locus detection analysis
was complementarily performed by LOSITAN? considering a false discovery rate of 0.05
and 85 x 1000 simulations by an infinite allele mutation model. This approach considers
Wright fixation index (Fst) outlier estimators relationships with expected heterozygosity
from each locus that have excessively high or low Fst compared to neutral expectations
and hence candidates for being subject to selection. A confirmation, of loci under
selection was performed using a Bayesian approach by BAYESCAN? considering a burn-
in period of 50,000 followed by 100,000 iterations.

According to the Evanno’s test the most informative number of subpopulations estimated
was K= 2 (Figure 1). The analysis of structure showed a group with Brahman breed,
meanwhile Guzerat, Gyr, Indubrazil and Sardo Negro were grouped in a second cluster.
Although some genetic information indicated resemblance of individuals among groups,
in general, the graphic showed a well clustered classification. However, since Brahman
cattle is one of the most popular Zebu breeds worldwide, the present results may suggest
the relative artificial consequence of selection pressure mostly on this breed.
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Figure 1. Population structure graphic showing K= 2 to K= 4 subpopulation of five Zebu breeds based in a candidate
gene panel. BRH: Brahman, GZT: Guzerat, GYR: Gyr, IBZ: Indubrazil, SNG: Sardo Negro.
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This did not imply the immediate implementation of the breeding values as a tool of
selection for all the breeds, compared to their use, by example in Brahman breeding from
United States; very likely conforming as observed a single cluster by the relationship of
genetic flow. Nonetheless, as the results also suggested, no structure pattern of selection
appears to have evidence for the other four Zebu breeds that suggest not selection pressure
on loci evaluated has been applied. In the same way, PCA indicated that K=2 explained
more than 8% of variance. Hence, candidate gene polymorphisms in candidate genes
clustered apart Brahman population (Figure 2) indicating a disperse grouping among
Guzerat, Gyr, Indubrazil and Sardo Negro.
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Figure 2. Principal component projection graphic showing Brahman divergent distribution from candidate gene
polymorphisms.

The PCA analysis was performed ignoring 39 loci with minor allele frequency < 0.05.
Outlier analysis based in PCA pointed out three loci in Growth Hormone-releasing
hormone (GHRH) gene under selection (Figure 3). -4241A>T in 5’UTR region, -
2298A>C from Intron | and +2279C>T from Intron 3 of GHRH were first reported by
Cheong et al.®®. They assessed this candidate gene in order to examine its relationship on
meat production of Hanwoo cattle. They discovered statistical association only for -
4241A>T. Although no linkage disequilibrium was identified between the segregation of
these three loci, this finding is important, since GH is mediated by GHRH regulation.
Furthermore, current genetic improvement programs on beef cattle breeds in Mexico
including Brahman are related mostly on live weight gain selection pressure’, henceforth,
supporting the present outcome.
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Figure 3. Manhattan plot of significantly outlier SNP positively related to selection by principal component analysis.

Complementary assessment by Fst outlier detection method, in order to distinguish the
signatures of selection, indicated that three loci were under directional selection (Figure
4). Steroyl Co Desaturase F762 (SCD1 762), Dopamine Beta Hydroxilase 17299
(rs110864292), and LEP3272 (rs29004511) were the only loci that showed an outlier
pattern. The Bayesian approach analysis confirmed Steroyl Co Desaturase F762 (SCD1
762), Dopamine Beta Hydroxilase 17299 (rs110864292) by their high Fst estimates (Table
1C, Complementary material).
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Figure 4. Graphics of Fst/He outlier positive selection loci in five Zebu breeds population.

Fst

Braz. Arch. Biol. Technol. v.61: €18180177 2018



Parra-Bracamonte,G.M. et al

The Steroyl Co Desaturase F762 polymorphism was reported by Taniguchi et al.*®, inside
the open reading frame of the gene, and has been associated to fatty acid composition and
melting point in Black Japanese cattle. Dopamine Beta Hydroxilase (DBH) rs110864292
polymorphism, was firstly reported by Lourenco et al.}. It is a non-synonym
polymorphism located at exon XII and a functional effect of this change was suggested for
Brahman breed. The distribution pattern of DBH polymorphisms amongst Bos t.taurus
and Bos t.indicus breeds has been remarked by its potential association to temperament
traits'’. The Leptin rs29004511, is a synonimous polymorphism in exon 3 of this gene and
was initially reported by Orr( et al.'® in Simmental cattle. Leptin, an adipocyte derived
hormone is related to different physiological functions and has been associated to some
productive and reproductive traits in livestock®. It is considered as a predictor of live
weight, scrotal circumference and reproductive hormones?.

Some specific remarks on the performed analysis may include the similar output from
population structure assessment by Bayesian and PCA analysis. Both analyses were able
to distinguish Brahman population clustering, suggesting the very likely directional
selection pressure on productive performance loci resulting in particular allele segregation
during the breeding management through the decades. In particular, the breeding stock
background of sampled animals could be considered as a real reflection of the current
selection pressure on live weight and size correlated traits. Although, Guzerat, Gyr,
Indubrazil and Sardo Negro are also subjected to breeding management by genetic
evaluations of live weight traits, it is clear that Brahman population is one of the current
most popular Zebu breeds, with an even active genetic flow from abroad.

Theoretically, the purpose of assess the number of nucleotide differences between taurine
and zebu, and in this particular case, among zebu breeds, could be pointed out as the main
issue of understanding domestication?!. Approaches may include nuclear and
mitochondrial genome variations and recently, the availability of large arrays have
allowed the assessment of particular genomic variations that differentially are segregated
in different populations. These variations can refer positive selection regions including
genes determined by functional enrichment and ontology analysis. Here, the proposed
evaluation includes candidate genes that theoretically have been associated in another
cattle breeds populations, therefore, the proposed divergent signals explain directly a
positive selection pressure. On the other hand, different studies support the inclusion of
small sample sizes for some of the evaluated breeds when using the approaches of
population structure and signatures of selection (e.g. n= 2-30) since availability of samples
is scarce, compensating by randomly selection of samples and herds of origin when
possible? 23242526 Here all samples were from unrelated animals and herds, and small
samples from Nellore and Red Brahman were excluded from the evaluation. However,
future analyses might consider these breeds with substantially larger sample sizes
confirming and proposing the present outcomes.

Finally, economic value of predictive polymorphisms under positive selection, such as
those here reported, has been the focus of research for genetic improvement programs of
beef and dairy cattle. Moreover, the understanding of the genetic architecture of traits that
makes each breed unique is another perspective of these breed-specific indicators®.
Currently the availability of large arrays of SNPs has made possible the genome wide
exploration of these candidate hot spots and the partial understanding of evolutionary
genetic architecture of some economical relevant traits. The present results could be
confirmed using these genome wide approaches.
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