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Introduction

Marchigiana (MAR), Chianina (CHI), Romagnola (ROM), Maremmana (MRM), and
Podolica (POD) are autochthonous Italian beef cattle breeds, mostly present in Central and
Southern Italy which share a common Podolian origin (Mastrangelo et al., 2018) including
introgressions from both taurine and indicine cattle (Barbato et al., 2020). As of 2024, the
total heads were respectively 44,256 MAR, 43,438 CHI, 8,691 ROM, 12,236 MRM, and
38,426 POD. MAR, CHI, and ROM are extremely specialized beef cattle and present also in
different countries; on the other hand, MRM and POD are local and rustic, still farmed in
open pastures with free grazing systems all year. These breeds have a secular history of
breeding in Italy, CHI is even reported to be reared in Italy for more than 22 centuries
(Maretto et al., 2012). Nonetheless, although complete and deep herd books, the genomics of
these breeds are still relatively less known compared to other cosmopolitan breeds.

This work aimed to investigate the genomic evolution and selection of these five beef breeds.
Accordingly, the intra-population integrated haplotype score (iHS), and the inter-population
cross-population extended haplotype homozygosity (XP-EHH) methods, were applied.

Materials & Methods

Two distinct groups by breed were used for this work: 1) the totality of the genotyped young
bulls performance tested at ANABIC genetic stations and ii) all the other genotyped animals
in the population. This subdivision was carried out to identify eventual regions that were
present only in the selected group of young bulls. Thus, a total of 990 MAR, 1,006 CHI, 979
ROM, 406 MRM, and 681 POD young bulls from performance test, alongside 3,649 MAR,
3,811 CHI, 1,317 ROM, 651 MRM, and 2,217 POD animals from population were used. All
animals were genotyped with the GeneSeek Genomic Profiler Bovine LDv4 33K chip
(Ilumina Inc., San Diego, CA, USA). Quality control was performed with PLINK v1.9: only
autosomes and SNPs with call rates exceeding 95%, SNPs with minor allele frequencies
higher than 1%, and individual with call rates exceeding 95% were retained. Genotype
phasing was performed with Beagle software v.5.5 (Browning et al., 2021), using default
software parameters.

Selection signatures detection. Selection signatures were investigated by looking at the
haplotypes and applying iHS and XP-EHH statistics with the rehh package (Gautier and
Vitalis, 2012) in R v4.0.5. iHS is an intra-population analysis, whose significant positive iHS
values indicate effective selection on ancestral alleles, while negative values on derived
alleles; on the other hand, XP-EHH is an inter-population analysis that compares alleles from
two distinct populations, where significant positive values indicate homozygosity in the
tested population compared to the polymorphic reference population, while negative values
mean selection on the reference population. Thus, only significant XP-EHH > 0 regions were
considered as under selection. Each analysis was conducted separately for each breed and
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group. Regarding XP-EHH analysis, the reference population was set as the population
composed of the four remaining breeds, except the breed under investigation.

Both iHS and XP-EHH scores were standardized across the genome, resulting in
approximately Gaussian distributions, and used as a standardized measure of extremity.
Candidate regions were identified via the rehh package (Gautier and Vitalis, 2012) when
these conditions were fulfilled: a threshold of [iHS| or [ XP-EHH| > 3.5 to identify extremal
markers, size of sliding non-overlapping windows of 100kb, minimum number of markers
per window of 2, minimum number of extremal markers per window of 1.

Gene and QTL annotation and enrichment. Candidate regions were considered under
selection irrespective of the group or the analysis where the result was observed. Genes
harboured in all such regions were retrieved from the BioMart tool, and the relative QTLs,
were enriched with the GALLO package (Fonseca ef al., 2020) in R v4.0.5 on the reference
genome obtained from the Cattle Quantitative Trait Locus Database (AnimalQTLdb) (Hu et
al., 2022) within a 500kb interval.

Results

MAR showed candidate regions under selection on BTA1, 3, 5, 6, 7, 10, 13, 14, 16, 18, 23;
CHI on BTA2, 3, 5,7, 16, 18; ROM on BTA2, 3, 6, 19, 20, 23; MRM on BTALI, 3, 6, 16, 19,
20, 23; and finally POD on BTAL, 2, 3, 5, 6, 8, 9, 12, 14, 15, 16, 19, 20, 21, 23 (Fig.1). On
average, tested animals showed 14 candidate regions, compared to 28 in the remaining
population. A region on BTA3 at approximately 33Mb was shared by all breeds, a region at
approximately 25Mb on BTA16 was shared between all breeds except ROM, while a region
at 39Mb on BTA23 was shared among all breeds except CHI. Genes harboured in such
regions were retrieved to annotate and subsequently enrich the relative QTLs. QTL
enrichments are shown in Fig.2.

Figure 1. All observed candidate regions under selection divided by chromosome. MAR:
Marchigiana; CHI: Chianina; ROM: Romagnola; MRM: Maremmana; POD: Podolica.
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Figure 2. QTL enrichment retrieved from genes in candidate regions under selection; FDR-
adj p-value < 0.05.

The enriched QTLs of genes harboured in such regions showed different profiles for the five
breeds in terms of number and represented QTLs. Counterintuitively, ROM and, in lower
measure, CHI, showed an important number of enriched terms related to milk traits. In CHI,
on the other hand, the second most significant trait was instead average daily gain. MAR and
MRM resulted distant from the previous breeds, with the most significant QTLs that resulted
related to production and meat and carcass traits, with hundreds to thousands reported QTLs
associated with carcass weight, average daily gain, longissimus muscle area, subcutaneous fat
thickness, bone weight, metabolic body weight, lean meat yield, dry matter intake. This
profile appeared due to the resulted shared region on BTA6 on approximately 30-40Mb
which is known to be strongly involved in cattle growth and development, and harbours
several well-known genes associated with such traits (e.g., LCORL, SLIT), and a region on
BTA7 for MAR. Finally, POD showed another different profile of significant set of enriched
QTLs: they resulted in a much more even distribution compared to the previous breeds, and
in a higher number, with the most significant term of marbling score.

Discussion
These results suggest MAR and MRM having a possible different genetic architecture
regarding growth and development, with QTLs on those breeds resulting almost exclusively



associated to production and meat & carcass traits. Specifically, in MAR selection on LCORL
and SLIT genes was observed; conversely, only LCORL was observed in MRM, with the first
playing an important role in growth traits in many species (Lindholm-Perry et al., 2011).
Regarding the QTL enrichment, counterintuitively, ROM, specifically, and CHI showed
several milk-related QTLs. These breeds are exclusively bred and selected for beef
production and all produced milk is used for feeding the calf. Several reasons may explain
this unexpected and peculiar profile of numerous milk-related enriched QTLs: a bias in
CattleQTLdb, which is mostly dominated by milk traits and Holstein breed (Dominguez-
Castano et al., 2024), pleiotropic effects of conserved genes on traits of different aptitudes,
and the possibility of these QTLs to be also associated with maternal ability in these breeds,
other than to a simple milk yield. POD showed the highest number of enriched QTL,
associated with different functional traits of the animal. Indeed, POD is the most resilient of
the breeds, and it is bred in different harsh conditions, from the arid pastures in Southern
Italy, to the cold Sila plateau (Bruno et al., 2024). Specifically, marbling score resulted the
most significant enriched term. Interestingly, POD is known for its lean meat (Marino ef al.,
2011); nonetheless, marbling is dependent on a huge number of factors besides genetics, such
as diet, grazing, and physical exercise that can limit intra-muscular fat deposition. Such
factors are indeed extremely common in POD harsh farming systems, thus the genetic
component of marbling in POD should be further investigated.

Conclusions

iHS and XP-EHH methods were applied to investigate selection signatures in Marchigiana,
Chianina, Romagnola, Maremmana, and Podolica Italian beef cattle breeds. Strong selection
towards beef and production traits were observed specifically in Marchigiana and
Maremmana, confirmed by QTL enrichment, due to the observed selective pressure on the
LCORL gene on BTA6. Romagnola and Chianina showed more differentiated effects, also
associated with milk quality, and Podolica showed enriched QTLs associated with functional
traits. Genomic knowledge of breeds background can be of extreme relevance, especially for
small breeds, and should be taken into consideration for informed breeding strategies. Most
important, deepen knowledge on selection signatures can help preserving local genetic
resources and biodiversity.
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