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ABSTRACT

This study investigated the genetic diversity and conservation status of two endangered lItalian
duck breeds: Germanata Veneta (GER, n =50) and Mignon (MIG, n=50). The DNA was extracted
from blood and analysed through whole-genome sequencing. The single nucleotide polymorph-
ism (SNP) calling allowed the identification of 186,287 shared SNPs which were used to estimate
expected and observed heterozygosity, and inbreeding coefficients based on homozygosity
(Fhom) and on runs of homozygosity. Both breeds showed low genetic variability and high
inbreeding (GER: Fyom = 0.305%0.184; MIG: Fyom = 0.369+0.163). Multidimensional scaling
revealed substructure within MIG, supported by phylogenetic and admixture analyses. Runs of
homozygosity islands in GER were located on chromosomes 1, 2, 10, 11 and 21, with 524 SNPs
enriched in immune response genes. In MIG, runs of homozygosity islands mapped to several
chromosomes and included 614 SNPs related to muscle and cytoskeletal functions. Genes asso-
ciated with small body size (e.g. SHOX, IGF2R and PRKG2) were found in MIG. A genome-wide
association study comparing GER and MIG identified major genetic differences on chromosomes
2, 3, 5 and 13, including genes related to fatty acid metabolism (HADHA and HADHB) and dwarf-
ism (POC1A). The results revealed low variability and high inbreeding, providing data to inform
conservation programs aimed at mitigating the risk of genetic erosion.
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HIGHLIGHTS

e Low genetic diversity and high inbreeding were observed in both Germanata Veneta (GER)
and Mignon (MIG) duck breeds.

e ROH islands in GER were enriched in immune-related genes, while those in MIG were associ-
ated with muscle function and body size.

e GWAS identified genetic differences linked to fatty acid metabolism and dwarfism, particularly
on chromosomes 3 and 13.

Introduction ecological several local

remain

importance,

uncharacterised at the genomic

Ducks (Anas platyrhynchos) are the world's most

8 OPEN ACCESS ‘ (] Checkforupdates‘

duck breeds
level.

widely distributed and agriculturally significant water-
fowl species (Pingel 2011), serving as a crucial source
of meat, eggs, and feathers. Local duck breeds often
exhibit unique traits shaped by both natural selection
and human-driven breeding practices, making them
an essential resource for maintaining biodiversity and
addressing future challenges in poultry production
(Nielsen et al. 2023). Despite their agricultural and

Understanding their genetic background is crucial for
their effective management and conservation.
Genomic studies, with the identification of unique gen-
etic variants and adaptive traits, can uncover the basis of
economically important characteristics, such as growth
rate (Wang et al. 2013), egg production (Perini et al. 2024),
and resilience to environmental stressors (Hu et al. 2021),
thereby supporting targeted breeding and conservation
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strategies while maintaining genetic diversity (Besbes
et al. 2007; Sponenberg et al. 2019). With the advent of
high-throughput sequencing, it has become feasible to
examine genetic variations at the molecular level. This
advancement offers insights into the diversity and struc-
ture of populations and aids in the formulation of conser-
vation strategies (Ghildiyal et al. 2023).

The present study exploits a comprehensive genomic
approach to characterise the genetic architecture of two
endangered ltalian local duck breeds: Germanata Veneta
(GER) and Mignon (MIG). Both breeds have been historic-
ally reared in the Veneto region, where they are valued for
their meat production and, in the case of GER, for egg pro-
duction, yielding approximately 120 eggs per year. By ana-
lysing genome-wide single nucleotide polymorphism
(SNP) data, the present study aims to assess genetic diver-
sity, population structure, and breed-specific variations.
Furthermore, the research investigates possible introgres-
sion events and their impact on the genetic makeup of
these breeds.

Materials and methods
Sample collection and sequencing

A total of 100 blood samples were collected from 50
randomly selected GER ducks (13 males and 37
females) and 50 randomly selected MIG ducks (9
males and 41 females) at the conservation centre
‘Sasse Rami’ of the Veneto Agricoltura Regional
Agency (Ceregnano, Rovigo, ltaly) and at the Institute
of Agricultural Higher Education ‘A. Della Lucia’ (Feltre,
Belluno, Italy) of Veneto region. Blood samples (about
2mL) were collected from ulnar veins and stored at
—20°C in Vacutainers® tubes containing EDTA as anti-
coagulant. The main morphometric characteristics of
the sampled adult animals, recorded according to FAO
(2012) are summarised in Table 1.

DNA extraction, DNA quality check, library prepar-
ation and whole-genome sequencing (WGS) were per-
formed by Neogen (Ayr, Scotland, UK) using
standardised protocols and the InfiniSEEK" platform,
which applies low-coverage WGS (4x) combined with
genotype imputation to generate high-resolution gen-
omic data suitable for accurate genetic evaluation. The
sequencing reads were quality-checked using fastQC
(Brown et al. 2017) and adapter trimming was con-
ducted with trimmomatic using the parameters
LEADING:3 TRAILING:3 MINLEN:50 to remove low-
quality bases and adapter sequences (Bolger et al.
2014). The cleaned reads were then mapped to the
Anas platyrhynchos reference genome (ZJU1.0, NCBI ID:
GCA_015476345.1) using the BWA-MEM software

Table 1. Means and standard deviation (SD) of the morphometric traits recorded on Germanata Veneta and Mignon duck breeds.
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v0.7.17 (Pham et al. 2023), followed by duplicate mark-
ing using picard (https://github.com/broadinstitute/pic-
ard) and base quality score recalibration using GATK
(Genome Analysis Toolkit, v4.2).

Variant calling was performed using HaplotypeCaller
from GATK and BaseRecalibrator was used for recalibrat-
ing base quality scores. Insertion-deletion variants were fil-
tered out to ensure higher genotype accuracy. Initially,
6,324,810 SNPs were identified for each animal, but only
those shared among all the animals were retained for fur-
ther analyses. The raw dataset was checked using the
PLINK software (Chang et al. 2015) to remove SNPs with a
call rate <95%, SNPs with minor allele frequency (MAF)
<5%, and animals with more than 10% of missing geno-
types. After applying these filters, 186,287 shared SNPs
between GER and MIG remained for downstream analyses.
PLINK software was used to calculate observed (Ho) and
expected heterozygosity (He), inbreeding coefficient
based on homozygosity (From), and inbreeding coefficient
based on runs of homozygosity (ROH) values (Fron)
(Chang et al. 2015).

Admixture and genetic relationships

Population structure was inferred using a model-based
clustering algorithm implemented in the Admixture
software, with K values from 1 to 25 (Alexander et al.
2009). The most likely number of ancestral populations
was determined using the cross-validation procedure,
minimising the cross-validation error, and finally plotted
using the ‘BITE2’ package of the R software v4.5.0
(Milanesi et al. 2017). Genetic relationships within and
between breeds were assessed through genome-wide
identity-by-state genetic distances, computed using the
‘cluster’ command in PLINK (Chang et al. 2015), and
subsequently visualised in a multidimensional scaling
(MDS) plot, where the first two principal components
(PC1 and PC2) were represented using the ‘mds-plot’
command in PLINK. Phylogenetic relationships between
breeds were further explored using Reynolds’ genetic
distances, calculated with the ‘ape’ package of the R
software (Paradis and Schliep 2019). Based on these
genetic distances, neighbour-networks were con-
structed using FIGTREE (Huson and Bryant 2006). All
graphical outputs and visualisations were generated in
the R software (Hornik and R Core Team, 2024) with
‘tidyverse’, ‘data.table’ and ‘ggplot2’ packages.

Runs of homozygosity

The ROH in GER and MIG breeds were identified using
the PLINK software (Chang et al. 2015) based on the
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following parameters: (1) minimum ROH length of 1 Mb
(-homozyg-kb), (2) allowance for up to two missing
SNPs and one heterozygous SNP per ROH (-homozyg-
window-missing 2 and -homozyg-window-het 1), (3)
minimum 100 SNPs required to define a ROH
(-homozyg-snp 100), (4) minimum SNP density of one
SNP per 100kb (-homozyg-density 100), and (5) max-
imum gap of 1000kb between consecutive homozygous
SNPs (-homozyg-gap 1000) (Cendron et al. 2020;
Moscarelli et al. 2021). To refine the identification of
shorter ROH and those occurring in genomic regions
with variable SNP density, a sliding window approach
was applied. Additionally, a consecutive runs method
was adopted using the ‘detectRUNS’ package of the R
software (Biscarini et al. 2018). This method scans the
genome using sliding windows of 50-100 kb and applies
a lower homozygosity threshold of 80% in regions with
sparse SNP coverage. By allowing for the detection of
shorter or fragmented ROH, this approach ensures the
identification of homozygous segments that might
otherwise be overlooked due to low SNP density or
uneven marker distribution. The parameters for ROH
detection with this method were: (1) minimum 20 con-
secutive SNPs required to define a ROH, (2) allowance
for 0-4 missing calls within a ROH segment, (3) max-
imum 2 heterozygous SNPs per ROH segment, (4) min-
imum ROH length of 250kb, and (5) maximum gap of
1Mb between consecutive ROH segments (Smaragdov
2023; Perini et al. 2025). This approach was particularly
effective in detecting long, high-confidence ROH in
regions with high SNP density. To ensure robust and reli-
able ROH calls, the approach focused on identifying con-
tinuous homozygous stretches with a minimum length
of 500 kb to 1 Mb and a homozygosity threshold of 90%.
By prioritising regions with high SNP density, the
method enabled the accurate detection of uninterrupted
homozygous segments, providing a more comprehen-
sive analysis of ROH patterns in the studied breeds. To
enhance robustness and minimise false positives, only
ROH segments identified by both methods (the intersec-
tion of overlapping calls) were retained for downstream
analyses. This consensus strategy aligns with recent
workflows in livestock genomics, where intersecting ROH
sets improves confidence in detected autozygous
regions (Dixit et al. 2020; Smaragdov 2023).

Genome-wide association study

According to the morphometric phenotypes reported
in Table 1, no sexual dimorphism was observed within
each breed, whereas the MIG regularly showed lower
values than the GER for all the traits. A genome-wide
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association study (GWAS) was performed using MIG as
a case study population and GER as a control popula-
tion to search for genomic regions associated with
body size. Additionally, a sex-based quality check was
performed applying the same filtering parameters
reported in Perini et al. (2024). The analysis was car-
ried out through the GEMMA software v0.94.128 with
linear mixed models, and corrected for the effect of
gender and relatedness with the centred relatedness
matrix (Zhou and Stephens 2014). The linear mixed
model was applied to each chromosome (including
sex Z chromosome) by incorporating random genetic
effects with genomic relationships to correct for gen-
etic structure in the chosen population. The
Bonferroni approach was used to define the genome-
wide significance threshold, dividing the standard
p-value (0.05) by the number of tests as follows: cut-
off = —log,¢(0.05/number of variants). The genomic
inflation factor (A) was calculated as the ratio between
the median of the resulting chi-squared test statistics
and the expected median of the chi-squared distribu-
tion. For this purpose, the ‘ggman’ package of the R
software was used (Purcell et al. 2007). QQplots and A
values are reported in Supplementary Figure 1. For
further analysis, only SNPs with significant p-value
were considered. The ‘GALLO’ package of the R soft-
ware was used to annotate the significant SNPs and
to inspect genes around the identified SNPs within a
range of 0.1 Mb (Fonseca et al. 2020). The annotation
was carried out on Anas platyrhynchos (mallard)
ZJU1.0 reference genomes’ version (GCF_015476345.1).
Finally, Gene Ontology (GO) and Kyoto Encyclopaedia
of Genes and Genomes (KEGG) analyses of predicted
target genes were estimated using the Database for
Annotation, Visualisation and Integrated Discovery
(DAVID; https://david.ncifcrf.gov/) (Huang et al. 2007),
and only pathways showing raw p-value < 0.05 were
used for plotting.

Results
Population genetics and inbreeding

Initially, the admixture analysis identified K=2 as the
optimal number of populations, revealing a clear dis-
tinction between MIG and GER (Figure 1). At K=4, an
introgression in GER and a solid distinction of two
subgroups in MIG, which is still present in all the sub-
sequent K, were observed. A subpopulation structure
appreciable from K=6 was also detected in GER
(Figure 1). The MDS plot shingly differentiated the two
breeds, and all animals retained their breed identity,
clustering within their respective group (Figure 2a).

According to the neighbor-joining tree (Figure 2b), the
MIG clearly showed two subpopulations, whereas the
GER is characterised by different families all included
in a single subpopulation (Figure 2b), as supported by
admixture analysis (Figure 1).

The MAF was similar between the two breeds, with a
slightly higher mean value for GER (0.193+0.127) than
MIG (0.190+0.132). The He was higher in GER
(0.269+0.148) than in MIG (0.238+0.147), indicating
greater genetic diversity within the former breed (Table 2).
The Ho followed the same trend, with GER having a higher
value (0.272+£0.260) than MIG (0.245 £ 0.172). Inbreeding
coefficients (Fuom and Fron) differed between the two
breeds. The Fyom was higher in MIG (0.369 + 0.163) than in
GER (0.305+0.184), indicating a greater deviation from
Hardy-Weinberg equilibrium in MIG. Conversely, the Fron
which reflects the proportion of the genome covered by
ROH, was higher in GER (0.372+0.222) than in MIG
(0.313+0.126), indicating a greater historical inbreeding
burden in GER. The large standard deviations associated
with genetic diversity indices suggest wide variation
among animals within breed.

ROH islands analysis

A total of 16 ROH islands were detected in the two
duck breeds: 7 in the GER and 9 in the MIG
(Supplementary material 1). The length of the ROH
islands in GER varied from 59,782 bp and 33 SNPs on
chromosome 11 to 10,678,426bp and 115 SNPs on
chromosome 2, and the length of the ROH islands in
MIG ranged from 585,385 bp and 20 SNPs on chromo-
some 2 to 8,475,172 bp and 146 SNPs on chromosome
1. Few GER animals shared the same ROH islands, with
the maximum value (15% of the total individuals)
observed on chromosome 10 (Figure 3). As regards
MIG, more animals compared to GER shared the same
ROH islands, with the maximum value (30% of the
total individuals) observed on chromosome 19 (Figure
3). For each breed, all annotated genes within the
ROH underwent to GO and KEGG analysis. In GER
breed the GO analysis highlighted pathways belonging
to immunity (e.g. GO0:0006935 chemotaxis;
GO:0004950 chemokine receptor activity) and the
KEGG analysis showed pathways related to cytokine-
cytokine  receptor interaction (Figure 4 and
Supplementary Material 1). Similar enrichment was
observed in MIG for chemokine receptor activity and
GABA activity, although the most valuable GO
belonged to muscle movement (GO:0016459 myosin
complex; GO:0003774 cytoskeletal motor activity),
which  was confirmed by the KEGG results
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Figure 1. Admixture plot based on different number of assumed ancestors (K) for Germanata Veneta (GER) and Mignon (MIG)
duck breeds.
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Figure 2. (A) multidimensional scaling plot and (B) neighbour-joining tree plot for Germanata Veneta (GER) and Mignon (MIG)
duck breeds.
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Table 2. Means and standard deviation (SD) of genetic diver-
sity indices’ for Germanata Veneta (GER, n=50) and Mignon
(MIG, n=50) duck breeds.

MAF He Ho

|:HOM FROH

Breed Mean SD Mean SD Mean SD Mean SD Mean SD

GER  0.193 0.127 0.269 0.148 0.272 0.260 0.305 0.184 0.372 0.222
MIG  0.190 0.132 0.238 0.147 0.245 0.172 0.369 0.163 0.313 0.126

'MAF=minor allele  frequency; He=expected heterozygosity;
Ho = observed heterozygosity; Fyom = inbreeding coefficient based on
homozygosity; Froq = inbreeding coefficient based on runs of homozy-
gosity values.
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(Figure 4). In MIG the genes related to the above-
mentioned pathways were SHOX Homeobox (SHOX) on
chromosome 1, Fibronectin Type Il Domain Containing
1 (FNDC1) and Insulin Like Growth Factor 2 Receptor
(IGF2R) on chromosome 3, and Protein Kinase CGMP-
Dependent 2 (PRKG2) and Secreted Phosphoprotein 1
(SPP1) on chromosome 4 (Supplementary material 1).
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Figure 3. Frequency distribution plot (%) of SNPs in runs of homozygosity islands. (A) Germanata Veneta (GER) breed and

(B) Mignon (MIG) breed.

GER Enrichment Analysis
GO:0006935~chemotaxis
apla04060:Cytokine—cytokine receptor interaction
G0:0004950~chemokine receptor activity ®
apla04540:Gap junction @
apla03250:Viral lfe cycle - HIV-1 @

apla04218:Cellular senescence (@

S L s oo

GO:0031396~regulation of protein ubiquitination .

® 4

[ 3

G0:0090026-positive regulation of monocyte chemotaxis . ®:
®

G0:0016493~C-C chemokine receptor activity . [ B

G0:0003723~RNA binding .

GO! ligand-gated

ion channel activity ~~®

GO:0004890~GABA-A receptor activity ~ ©

G0:0070411~I-SMAD binding ~ ®

6
—log10(Pvalue)

MIG Enrichment Analysis

GO:0016459~myosin complex
GO:0008774~cytoskeletal motor activity
G0:0032982~myosin filament
GO:0016460~myosin Il complex
G0:1902711~GABA-A receptor complex
GO:0008503~benzodiazepine receptor activity
(GO:0000146~microfilament motor activity

apla04820:Cytoskeleton in muscle cells &

G0:0051015~actin filament binding [ ]

SN w s oo

apla04814:Motor proteins

GO:0006821 ~chloride transport ®

® o &

G0:0034707~chloride channel complex

G0:0006936~muscle contraction =

@000
>

GO:0004896~cytokine receptor activity @

o

GO:0007214~gamma-aminobutyric acid signaling pathway

@

GO:0019221~cytokine-mediated signaling pathway

(]

GO:0050877~nervous system process

GO:0051497~negative regulation of stress fiber assembly

ted ion channel activity ~ ®

GO:0043005~neuron projection .

3 6 9
~log10(Pvalue)
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(GER) and Mignon (MIG) duck breeds. The bubble size represents the number of genes involved in the pathway and the colours
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GWAS analysis

A total of 314 genes were annotated through the
‘GALLO’ package in the R software. The two most sig-
nificant p-value signals on Manhattan plot were on
chromosomes 3 and 13 (Figure 5). Regarding chromo-
some 3, the significant SNPs were annotated in genes
involved in the KEGG fatty acid elongation pathway,
such as hydroxyacyl-CoA dehydrogenase trifunctional
multienzyme complex subunit alpha and beta (HADHA
and HADHB) (Figure 6), and chromosome 13 which
included two main genes with unknown activity and
role, namely PDZ Domain Containing Family Member 1
(GIPC1) and A-Kinase Anchoring Protein 8 (AKAPS).
Other genes were annotated around SNPs of interest
in the same chromosome: POC1 Centriolar Protein A
(POC1A), Ribosomal RNA Processing 9, U3 Small
Nucleolar RNA Binding Protein (RRP9) and Glutamate
Metabotropic Receptor 2 (GRM2) (Supplementary
Material 2).

Discussion

The genetic diversity indices calculated for GER and
MIG duck breeds pointed out their high level of
inbreeding. Carco et al. (2018) conducted a study on
GER and MIG using a panel of 23 microsatellite
markers and reported greater heterozygosity values

100 —
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compared to our results. Although both breeds are
under conservation, the risk of genetic erosion
remains significant and the beneficial effect of these
programs on inbreeding mitigation is limited. A note-
worthy result is that Ho was slightly higher than He
for both GER and MIG, which aligns with findings of
Carco et al. (2018) on the same duck breeds. However,
this result is unusual, as small populations typically
exhibit the opposite trend due to genetic drift and
inbreeding (Restoux et al. 2022). This indicates that
non-random mating or recent gene flow may have
influenced heterozygosity levels. Similar patterns were
observed in indigenous Asian duck breeds (Huang
et al. 2025), in which Ho exceeded He, indicating the
presence of segregation-destroying effect. This phe-
nomenon suggests that the population may be a mix-
ture of previously segregated subpopulations.
Additionally, the populations that exhibited similar lev-
els of He and Ho in Huang et al. (2025) shared high
inbreeding coefficients, as in our study. Nevertheless,
the higher Fyom and Fron in GER and MIG suggested
high levels of inbreeding. The GER breed had the
highest values, potentially reflecting a history of mat-
ings between relatives or a reduction of population
size (Evelyne et al. 2022). The admixture analysis
revealed that the sub-population structure is present
in both GER and MIG. While MIG sub-population

13 14 15 18 20 22 26 31

Chromosome

Figure 5. Manhattan plot of GWAS analysis. The red line represents the p-value < —logo(1e —8) and the blue line represents

suggestive significance, with a value of —logqo(1e — 7).
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structure is corroborated by neighbour-joining and
MDS analyses, GER had a distinct sub-structure at
K=6 in the admixture analysis, which was not evident
in the other analyses. Both breeds were sampled in
two flocks and this could explain the highlighted sub-
population structure. In GER, despite different ances-
tries, controlled mating practices prevented the emer-
gence of substructure in neighbour-joining and MDS
analyses. In contrast, MIG experienced a clear separ-
ation within the breed. This type of substructure is
likely due to the endangered status of the breed and
the consequent difficulty in finding new breeders to
integrate into the flocks. This also explains the level of
inbreeding reported in this study.

The ROH islands were analysed for both breeds to
identify genomic regions under potential selective
pressure. The GO analysis for the GER duck breed
highlighted an enrichment of immune-related

pathway, indicating that selection has favoured
immune system function. As regards the MIG duck
breed, findings were more intriguing as ROH analysis
identified several genes associated with body size
regulation. Notably, the SHOX gene on chromosome 1
plays a crucial role during development, as it is
involved in cell cycle regulation and functions as a
transcriptional activator in osteogenic cells in humans
(Rao et al. 2001). The SHOX gene deficiency and hap-
loinsufficiency have been linked to skeletal abnormal-
ities, including short stature, in humans (Wu et al.
2009). Furthermore, SHOX has been associated with
CRLF2 (type 1 cytokine receptor) in the context of skel-
etal atavism in Shetland ponies (Rafati et al. 2016).
Notably, CRLF2 is located within the ROH islands on
chromosome 1 of the MIG breed.

Additional genes annotated in the ROH islands on
chromosomes 3 and 4 of the MIG breed associated



with body size and skeletal/muscle development. On
chromosome 3, the FNDCT gene is noteworthy, as its
expression has been linked to femoral head separation,
a condition impacting growth in broilers (lbelli et al.
2022). Given that the plumage colour of the MIG breed
is entirely white, the expression of the FNDCT1 gene
appears to be correlated with white feathering, like in
Muscovy ducks (Sun et al. 2024). Also located on
chromosome 3 is the IGF2R gene, a negative regulator
of the IGF2 gene (Farmer et al. 2013) which plays a sig-
nificant role in muscle mass development in pigs (Van
Laere et al. 2003) and mice (Clark et al. 2015).
Furthermore, Xu et al. (2019) observed differential
expression of IGF2R between two duck populations arti-
ficially selected for lean and fat meat, suggesting that it
is a candidate gene for the regulation of skeletal
muscle mass in ducks. On chromosome 4, the PRKG2
gene may contribute to the small body size observed
in MIG. Notably, a mutation in the PRKG2 gene is asso-
ciated with dwarfism in Angus cattle (Koltes et al.
2009). Similarly, the SPP1 gene on chromosome 4 was
identified as significant in MIG and is documented in
the literature as a regulator of muscle development
(Liu et al. 2020). Specifically, a transcriptome study in
ducks identified SPP1 as a key gene involved in skeletal
muscle development. The genes identified for MIG in
the ROH analysis suggest genomic pressure on this
breed, resulting in a reduction of body size, known as
mignon. Additional evidence from the GWAS analysis
on chromosome 13, which yielded highly significant
values, underlines the involvement of the POCTA gene,
which is implicated in primordial dwarfism in humans
(Koparir et al. 2015) and skeletal dysplasia in mice
(Geister et al. 2015). In the comparison between GER
and MIG duck breeds through GWAS, morphological
traits differed substantially. Specifically, MIG and GER
animals had an average body weight of ~1000g and
~2000g, respectively. Consequently, POCIA may be
considered a significant factor contributing to the small
body size of the MIG breed.

Conclusions

The genetic analysis of the two duck breeds revealed
high levels of inbreeding, with GER having higher his-
torical inbreeding burden. Admixture and neighbour-
joining analyses confirmed subpopulation structures in
MIG, whereas GER showed family-based differentiation.
The ROH analysis highlighted immune-related genes
in GER, while MIG had genes associated with body
size, suggesting selective pressures towards smaller
stature. The GWAS further supported these results,
with POCTA potentially playing a key role in the

ITALIAN JOURNAL OF ANIMAL SCIENCE . 1629

reduced body size of MIG. To further validate our find-
ings, it is essential to undertake an in-depth tissue
expression study. These findings point out the impor-
tance of conservation efforts to manage genetic diver-
sity and mitigate inbreeding risks in both breeds.
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