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Abstract

Native Portuguese cattle breeds are a “biodiverd#posit” resulting from genetic and
environmental effects accumulated over the yeaesa®¥éessed two cattle breeds representative
of Portuguese native cattle (Barrosd - BAR and Brde Lide — BRA) aiming the evaluation

of ROH across populations, identification of ROHams and functional analysis of the
identified genes. The pattern of ROH differed astm®eds mainly from short to median range.
Based on ROH islands analysis, three regions weserged to be shared by more than 35% of
the individuals in the two breeds. Besides, gertevoris highlighted biological associations
based on genes found on ROH islands with biologicatesses related with reproductive traits
(RBM19 and immune system®TX1) in BAR breed, and immune systems and adipogeneses
processesZBTB1§ in BRA breed.

Introduction

Native Portuguese cattle breeds are a “biodiverd#posit” resulting from genetic and
environmental effects accumulated over the yeaasaty, geographical, edapho-climatic,
land, historical, cultural, political-economic, angpothers. In the middle of the 20th century,
with the implementation of the first Herd Books dhd reorientation of production, mainly for
beef, the current native bovine populations becamgperly organized. Since the 1990s,
according to the size of the herd and the priaritiefined by breeders for each breed, they have
been included in conservation or genetic improvdrpesgrams. Except for the Brava de Lide
breed, whose selection is oriented towards behealidwaits, the other breeds have been
selected essentially for maternal and reprodudtaiés.

History of the population, breeding system, andeguatof geographic subdivision may be
reflected in runs of homozygosity (ROH) pattern®tighout the genome. ROH are continuous
homozygous segments of DNA (Gibson et al., 200%],its calculation is essential to identify
islands. The islands of homozygosity shared amadgiduals, may be helpful in identify
possible results of selection events (Zhang e8ll5). Moreover, genes identified in those
regions can be functionally analysed through gextearks (Verardo et al., 2021) aiming to a
better understand of their biological role in epopulation. Thus, we assessed two cattle breeds
representative of Portuguese native cattle, witterdint breeding goals (Barrosa - BAR and



Brava de Lide — BRA) aiming the evaluation of RGdfiass populations, identification of ROH
islands and functional analysis of the identifieshes.

Materials & Methods

The cattle breeds of Portugal used in this stuéyrapresentative of the two trunks of cattle
that were formed in the westernmost region of bexian Peninsula and classified by Miranda
do Vale (1949), according to their ethnic charastes and geographical distribution:
Mauritanian orBos taurus mauritanicu@Barrosa - BAR) and Iberian d@os taurus ibericus

(Brava de Lide - BRA). Animals were genotyped usihg commercial genotyping array of
Affymetrix (60k). SNP genotypes from sexual chroomogs were excluded from the analysis.
Also, genotypes were excluded when the call rdde9% and minor allele frequency < 0.01. In
addition, samples showing overall call rates < @@@e excluded from further analysis. A total
of 96 and 94 animals were analysed after qualityrob with 34997 and 33482 SNPs in the
genotypes of BAR and BRA, respectively.

The ROH approach using the software PLINK v1.07%¢Plbet al., 2007) for each population
with the following parameters were used: minimunmaaw length of 120 SNPs, maximum
gap size between two SNPs of 1,000 kb, minimum Ré&igth of 1,000 kb, minimum number
of potential marked SNPs of 50, one heterozygdtevald per window, maximum of five
missing calls per window, sliding window length 5@ SNPs and proportion of overlapping
windows that must be a homozygous > 0.05. To ifleROH islands throughout the genome,
the most observed homozygous segments shared ibidumals in each breed were considered
as an indication. The “--homozyg-group” functionplemented in PLINK was used to assess
ROH islands shared among individuals. The GenBamiotation based on the ARS-UCD1.2
assembly of the bovine genome was used to idegifies in ROH regions.

Gene networks highlighting biological processes ragribe gene sets identified for each breed
were generated using the ClueGO plugin for Cytosd&indea et al., 2009). This procedure
allowed the creation of gene networks highlightangjogical roles, and the comparison of gene
clusters by visualizing their functional differeiscer similarities.

Results

The pattern of ROH differed across breeds mairdynfshort to median range (Figure 1 - A).
BAR and BRA breeds showed similar percentage aj4@mge ROH (> 31Mb; <5%), while
BAR showed higher percentages of short range RGHMY; >50%). In addition, based on
ROH islands analysis, three regions were obsergedoetshared by more than 35% of the
individuals in the two breeds (Table 1). Gene nekwdiighlighting biological associations
were generated based on genes found on ROH isl&igisre 1 - B). Several biological
processes were highlighted, including RegulationTofcell differentiation and positive
regulation of embryonic development.
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Figure 1. A) Percentage of runs of homozygosity (R@) per length categories in two Portuguese Iberian
cattle breeds. The sum of ROH was calculated per anal within each ROH length category. BAR: Barrosg;

BRA: Brava de Lide. B) Gene networks highlighting liological associations of genes found on ROH islaad
in two Portuguese lberian cattle breeds. Blue anded nodes are biological processes related with gene

tage of ROH urrence

Par



identified in BAR and BRA breeds, respectively. Grg nodes are biological processes shared between ot
breeds genes.

Table 2. Chromosomal position, length in base pairép), number of markers and gene content of runsfo
consensus homozygosity (ROH) islands most shared @R freq.) identified in two Portuguese Iberian
breeds.

Breed' Chr.  Begin End

Length N° ROH
(bp) SNPfreq. (%)

Annotated genes

PLBD2, SDS, SDSL, DTX1, LHX5,
BAR 17 60,517,694 61,094,324 576,6301 35.42 LOC104974667, LOC101907408, TRNAG-CCC,
RBM19, LOC100847943

ZBTB16 HTR3AHTR3B LOC511161

15 24,406,959 24,891,500 484,54% 43.62 LOC101907641, LOC782610, TRNAG-CCC,
LOC112441707

15 24,166,187 24,231,362 65,1753 43.62 TMPRSS5
1BAR: Barros&; BRA: Brava de Lide

BRA

Discussion

We first aimed to evaluate the run of homozygositywo Portuguese breeds, Barrosa and
Brava de Lide. A run of homozygosity is the protigpthat all consecutive markers on a pair
of homologous chromosome segments, in the samigf@retit individual(s), display identical
alleles (Hayes et al., 2003). The extent and frequef ROH may provide information about
the ancestry of an individual and its populatiorr®bver, inbreeding may be inferred from the
presence of long ROH, with longer segments indigatecent inbreeding within a population
(Kirin et al., 2010). We observed that both bresdewed small and similar occurrence of
longest ROH found in this study (<5%). This indesat proper matting scheme in those breeds
to prevent higher inbreeding. Besides, BAR showghédr prevalence of small ROH indicating
more genetic diversity.

Moreover, both breeds showed ROH islands. It isortgmt to note that with few sampled
genotypes, it is quite likely that some ROH ard&auots. This is particularly important when
pointing to specific candidate regions/genes asetmeight be misleading. In this study, genes
and their biological processes were analysed aitangmderstand their roles in each breed. In
BAR, we identified an island in chromosome 17 witnes associated, for example, with
positive regulation of embryonic developmeRBM19 and negative regulation of lymphocyte
activation DTX1) in the biological process netwoflRBM19encoding for RNA binding motif
protein 19, may be involved in regulating ribosdnmegenesis and was previously reported to
be essential for preimplantation during mouse emmticydevelopment (Zhang et al., 2008).
DTX1encode for deltex E3 ubiquitin ligase 1 proteinigeieported to play a regulatory role
in immune responses in teleost fish (Zheng ek@R1). Thus, these two genes may play a role
on reproductive traitfRBM19 and immune system®TX1) in BAR breed.

Also, ROH islands were observed on chromosome BIRé# breed. In those islands, based on
biological process network, we observed a ged®#T816§ related with regulation of T cell
differentiation which is also shared with the poas discussed gene of BAR bre@ilrK1).
TheZBTB16gene encodes for the zinc finger and BTB domairnainimg 16 protein and have
been related with innate and innate-like lymphaedge development in mouse (Mao et al.,
2017) and defense response to gram-positive baategoat (Rout and Verma, 2021). Also, its
overexpression is suggested to promote white adipegjs and induce brown-like adipocyte
formation in bovine white intramuscular preadip@sy{Wei et al., 2018). It suggests a role of
this gene in immune systems and adipogeneses pesceEBRA breed.

In this study, short ROH were observed in both lRprese Iberian breeds BAR and BRA,
suggesting a successful matting scheme, also gkt by a lower occurrence of long ROH.
Genes located in ROH islands were evaluated andobrexp throughout their biological
processes, which provided genetic insights aboaitbifeeds. Genes were associated with



important traits (e.gRBM19with reproductive traits andTX1with immune systems in BAR
breed; an&BTB16with immune systems and adipogeneses processd®ArbBeed).
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