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Summary

Brahman cattle are well adapted to tropical environments and are extensively used for beef
production in Northern Australia. Identifying mutations in Brahman genomes associated with
adaptation, fertility, meat quality and growth rates would facilitate genome selection and
therefore accelerate genetic gain for these traits, in both Brahman cattle and composite cattle
with Brahman ancestry. In this paper, 36 million high quality variants (SNP and INDELs)
were discovered from 46 whole genome sequenced Brahman bulls that represent key
ancestors of the breed in Australia. As some infusion of Bos taurus into Brahman cattle has
occurred during breed formation, we investigated regions of the Brahman genome that have
high Bos taurus introgression. We identified multiple genome regions in Brahmans that were
Bos taurus in origin, and investigated the roles, pathways and trait associations the of genes
found in these regions. Finally, we find evidence that the polled allele in Brahman is of Celtic
origin.
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Introduction

Brahman cattle are a breed of Bos indicus cattle, developed in the southern United States
that are well adapted to tropical environments. They are a cross breed between four different
types of Zebu cattle; Gir, Gujarat, Ongole and Krishna Valley. In northern Australia,
Brahman cattle have a major impact on the Australian beef industry and are widely used in
beef production due to their suitability to these harsh environments. Brahman cattle were
“graded up” (cross bred) with existing local Bos taurus breeds in the United States and later
Australia to generate large numbers, this additionally resulted in increased genetic diversity.

Identifying mutations in Brahman genomes associated with adaptation, fertility, meat
quality and growth rates would facilitate genome selection and therefore accelerate genetic
gain for these traits, in both Brahman cattle and composite cattle with Brahman ancestry.
With this ultimate aim, 46 Brahman cattle that were key ancestors of the breed were whole
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genome sequenced in this study. We first identified all the variants in these genomes such as
single nucleotides (SNPs) and insertion/deletions (Indels), then annotated the variants into
functional classes based on their locations on the genome. Finally, we used the sequence
information to identify, for each bull, whether chromosome segments were indicine or
taurine in origin.

Materials and Methods

46 bulls for sequencing were selected using an algorithm that captured the highest
proportion of genetic variation in the breed, based on an analysis of an extensive Brahman
pedigree and a stepwise regression procedure to avoid double counting of ancestral genomes,
and took into account whether DNA, extracted from semen straws or ampules, was available
for a bull or not (Daetwyler et al., 2014, Druet et al., 2014). The selected bulls were
sequenced on an Illumina HiSeq sequencer, at an average of 12.5 times genome coverage,
and a range of 10 times genome coverage to 30 times genome coverage.

Reads were mapped to the bovine genome (UMD3.1) with BWA, and variants were
detected with a GATK pipeline (McKenna et al., 2010). The variants included single
nucleotide polymorphisms (SNP) and small insertion deletions (INDELs). SNP variants were
filtered based on modified filtering thresholds recommended by the GATK Best-Practices
guideline (DePristo et al., 2011) to remove SNP that had poor quality scores.
Bos taurus and Bos indicus variants were obtained from the 1000 bulls genomes project

(Daetwyler et al., 2014) and from the study by (Liao et al., 2013), respectively. The allele
frequencies for each SNP was calculated using in-house scripts and only common SNP were
selected for. The population structure between Brahman and Bos taurus and between
Brahman and Bos indicus was determining by calculating the Fixation value (FST) for each
SNP in both taurine and indicine with the SNP in each individual Brahman animal, based on
the methodology by (Bolormaa et al., 2011), using the following formula:

Where:

And

PBT is the SNP allele frequency of the alternative allele in either Bos taurus or Bos
indicus and Pbrai is the zygosity information of the Brahman SNP for that animal. Hs is to
calculate heterozygosities in the subpopulation and Ht is to calculate the overall
heterozygosity. This resulted in two datasets for Bos indicus SNPs and with Bos taurus SNPs.
Following this, we grouped SNPs into fixed windows of 250 kilobases (kb) and calculated
the average FST for all SNP within each fixed window across the genome. This was done by
simply adding the FST of all SNP found in the 250 kb fixed windows and dividing by the
total number of SNP, as shown in the following formula:
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Where FSTfw is the FST for the SNP found within a fixed window, and n is the total
number of SNP found in that fixed window. Animals were then sorted based on date of birth
(from oldest to youngest), and the average FST in each fixed window across all animals was
calculated.

Results and Discussion

Initial analysis revealed that the Brahman genome had a much higher rate of
polymorphism than that observed in Bos taurus breeds. This is likely a reflection of a larger
ancestral population size for Bos indicus cattle than Bos taurus cattle (pre-domestication),
and the fact there was some infusion of Bos taurus breeds into Brahmans during breed
formation. Additionally, as Brahman is the synthesis of 4 different indicus breed types, the
impact on the breed formation is reduced.

We examined the population structure between Brahman and Bos taurus/Bos indicus to
determine how much of the genome in Brahman is influenced, or infused with Bos taurus
and/or Bos indicus. Overall, we find that Brahman is most similar to Bos indicus (average
FST over the whole genome is 0.19) compared with Bos taurus (average FST is 0.26) across
the whole genome, as the average FST remains relatively low (is closer to 0).

Genes located in regions with significant Bos taurus introgression and Bos indicus
introgression were isolated and investigated for enrichment of function using the DAVID
package. The results show for genes found in regions of Bos indicus introgression, there is
significant enrichment for genes involved in hormone, intermediate filament and protein
biosynthesis (Figure 1a). 61 genes were enriched in protein biosynthesis alone, with majority
of genes being eukaryotic translation elongation and initiation factors, which are key
regulators of protein synthesis, protein bond formation and tRNA delivery to translating
ribosomes. This could potentially by linked to lower protein turnover in Bos indicus cattle.
For genes in regions with significant Bos taurus introgression, the results show enrichment
for genes involved in olfactory and G-protein coupled receptor (Figure 1b). This is of interest
as genes found in the G-protein coupled receptor family have been linked to puberty. One
such gene is Thyrotropin receptor (TSHR) which is associated with fertility in cattle (Dias et
al., 2017).

The most significant Bos taurus introgression was observed on Chromosome 14 around
2.2 – 4.2 megabases (Mb). This region contains several widely known and well described
genes, including the zinc finger protein Pleomorphic adenoma gene 1 (PLAG1). Studies have
found significant associations of PLAG1 (including surrounding genes) with stature, fertility
and carcass weight (Fortes et al., 2013). We additionally observe an increase in frequency of
Bos taurus introgression in younger animals.

The polled allele has been described to be on chromosome 1 and located between 1.6 –

2.2 Mb with studies showing that two polled mutations exist. Polled cattle are of great
interest to both dairy and beef industries due to safety and welfare issues involved with
horned animals. The first is an 80 kb duplication in the region between 1.91 – 1.99 Mb that is
of Friesian cattle origin. The second is found at 1.71 Mb and is of Celtic origin, which is a
212 bp duplication that replaces a 10 bp sequence. By examining the number of reads that

Figure 1: Word cloud showing keywords after functional annotation of genes using DAVID.
Larger keywords represent strongest associations (based on DAVID p-values). a. Word cloud
for Bos indicus introgression b. Word could of Bos taurus introgression
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map to the reference genome, we find an increased coverage in the number of mapped reads
in the animals that were homozygous polled comparted to horned animals, indicating a
duplication event in the polled animals (Figure 2). This provides evidence that the Celtic
polled mutation is segregating in Brahmans.

Figure 2: Plot for the number of reads mapping to the reference homed in on where the Celtic
mutation is described.
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