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Abstract

Objective

The honeybee (Apis mellifera) is considered one of the most important insect species from an
ecological and economic perspective. The honeybee provides an ideal model for utilizing
population genomics to understand the evolutionary forces shaping the genomes of social insects.
This study aimed to investigate and identify signatures of selection at the whole-genome level
between the Italian and Caucasian honeybee breeds, considering the significance of these two
breeds in honeybee-related production in Iran and globally.
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Materials and Methods

The current study used whole-genome sequencing data of two subspecies of European honeybees

available in the NCBI database. After applying quality control and filtration to the downloaded

sequences, high-quality reads were aligned to the honeybee reference genome using BWA
software. Subsequently, after applying various filters, high-quality SNPs were extracted using

GATK software. In the next step, XP-EHH and Fst methods were employed to identify signatures

of selection in the Italian honeybees compared to Caucasian bees. Additionally, to examine the

genetic structure of the two studied breeds and to give a brief overview of their admixture and
purity, the ADMIXTURE program was used.

Results

The analyses led to the identification of 847 genomic windows (containing 244 protein-coding

genes) by the XP-EHH method, and 815 genomic windows (containing 439 protein-coding genes)

by the Fst method. The results indicated that 19 genes were identified by both methods, and these
genes were further investigated as final selection signatures. Among these genes, LOC72499,

LOC551114, and LOC411919 were involved in immunity; LOC41390 in the foraging behaviors

of workers; LOC413200 in cellular growth and development; LOC725885 in cellular

differentiation, nursing, and foraging behaviors of bees as well as wing growth; LOC550886 in
hygienic behaviors; LOC410393 in gut health and detoxification; and LOC408718 in growth of
neural cells and the transformation of larvae into workers or queens. Identifying selection
signatures can facilitate breeding strategies, disease management, and colony management.

Furthermore, genomic information pertaining to various breeds enables the prediction of their

behaviors in response to environmental challenges including climate changes.

Conclusion

Since traits such as behavior, foraging for food (nectar and pollen), cleanliness, colony defense,

and immunity are among the most important and economically significant characteristics in honey

bees, identifying the genes associated with these traits in the current study highlights the high
potential of genomic data for better understanding the different breeds of honeybees.
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Introduction

The western honeybee (Apis mellifera) is one of the most significant insect species in the
world, both ecologically and economically. As a key pollinator of agricultural and wild plants,
the honeybee contributes substantially to global food security, biodiversity, and ecosystem
stability. In addition to its ecological importance, the honeybee is central to apiculture, which
involves the commercial production of honey, royal jelly, beeswax, propolis, and other hive
products. Among the many subspecies and ecotypes of honeybees, the Italian (Apis mellifera
ligustica) and Caucasian (Apis mellifera caucasica) honeybees are two of the most well-known
and widely used in apiculture worldwide, including in Iran. These two subspecies possess distinct
genetic, behavioral, and physiological traits that make them suitable for different environments
and management systems. Given their importance, a comparative genomic analysis of these
breeds offers valuable insights into the evolutionary forces that have shaped their genomes and
can inform breeding strategies aimed at enhancing desirable traits such as disease resistance,
productivity, and environmental adaptation. Population genomics, made possible by
advancements in next-generation sequencing (NGS) technologies, has emerged as a powerful tool
to examine genome-wide patterns of variation and identify regions under selection. Identifying
such selection signatures helps to detect genomic regions associated with adaptive and
economically valuable traits, providing a foundation for marker-assisted selection and improved
colony management. The main objective of the present study was to identify and characterize
selection signatures across the whole genomes of Italian and Caucasian honeybee breeds using
public whole-genome sequencing (WGS) data. By applying robust statistical methods and
bioinformatics tools, we aimed to uncover genomic regions and specific genes that have been
targets of selection and are potentially responsible for key phenotypic differences between the
two breeds.

Materials and Methods

This study utilized publicly available WGS data for two European honeybee subspecies
obtained from the National Center for Biotechnology Information (NCBI) database. The raw
sequencing reads were first subjected to rigorous quality control using standard filtering pipelines
to remove low-quality reads and sequencing artifacts. High-quality reads were then aligned to the
Apis mellifera reference genome using the Burrows-Wheeler Aligner (BWA) software. Post-
alignment processing included the removal of duplicate reads, local realignment around indels,
and base quality score recalibration. Subsequently, single nucleotide polymorphisms (SNPs) were
called using the Genome Analysis Toolkit (GATK), followed by variant filtering to retain only
high-confidence SNPs for downstream analysis. Two complementary methods were used to
detect selection signatures:

1- Cross-Population Extended Haplotype Homozygosity (XP-EHH): This method detects
recent positive selection in one population relative to another by comparing the decay of
haplotype homozygosity between populations. It is particularly effective in identifying regions
that have undergone recent selective sweeps.

2- Fixation Index (Fst): This classic population genetics statistic measures genetic
differentiation between populations. Genomic regions with high Fst values indicate loci that may
have been subject to divergent selection pressures.
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The genome was partitioned into sliding windows, and XP-EHH and Fst scores were
calculated for each window to detect outlier regions likely to have experienced positive selection.
To provide further insights into the genetic structure and ancestry of the populations studied, we
used the ADMIXTURE software to perform population structure analysis, estimating individual
ancestries and potential genetic admixture between populations.

Results

The XP-EHH analysis identified 847 genomic windows harboring a total of 244 protein-
coding genes as candidate regions under positive selection in the Italian honeybee relative to the
Caucasian breed. In parallel, the Fst analysis detected 815 genomic windows containing 439
protein-coding genes that exhibited significant genetic differentiation between the two
populations. Notably, 19 genes were identified by both XP-EHH and Fst methods as overlapping
selection signals, increasing the confidence in their functional relevance. These 19 genes were
further analyzed to elucidate their biological roles and relevance to honeybee phenotypes.
Functional annotation and literature review revealed that many of these genes are associated with
key behavioral and physiological traits critical to colony performance and adaptation:

LOC72499, LOC551114, and LOC411919 were found to be involved in immune responses
and pathogen resistance, indicating selection for enhanced colony health and disease resilience.

LOC41390 plays a role in foraging behavior, which is crucial for resource acquisition and
colony productivity. LOC413200 is linked to cellular growth and developmental processes,
suggesting selection on growth regulation. LOC725885 is associated with cellular differentiation,
nursing behavior, wing development, and foraging—traits essential for worker bee functionality.

LOC550886 is implicated in hygienic behaviors, including the removal of diseased or dead
brood, a known factor in colony resistance to disease. LOC410393 is related to gut health and
detoxification mechanisms, highlighting adaptations to diverse dietary and environmental
conditions. LOC408718 plays a critical role in the development of neural cells and the
differentiation of larvae into queens or workers, reflecting selection on caste determination and
colony structure.

The identification of these genes highlights the potential for using genomic data to enhance
breeding programs and develop honeybee strains with improved traits. The ADMIXTURE
analysis provided additional evidence of genetic differentiation between the two breeds and
showed limited levels of admixture, suggesting that the Italian and Caucasian breeds maintain
largely distinct genetic profiles despite some shared ancestry. This genetic separation supports
the validity of our comparative approach and indicates that selection has acted differently on each
population.

Conclusions

In summary, this study presents a comprehensive analysis of genome-wide selection
signatures in two prominent honeybee breeds using whole-genome sequencing data and
population genomics approaches. The identification of genes under selection provides valuable
insights into the genetic basis of economically and ecologically important traits in honeybees.
Traits such as behavior, foraging, hygiene, immunity, and developmental plasticity are crucial for
colony success and are shown to be influenced by identifiable genomic regions. The application
of these findings in breeding programs can lead to the development of more resilient, productive,
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and adaptable honeybee populations, thereby contributing to the sustainability of apiculture in the
face of global challenges such as climate change, emerging diseases, and habitat loss.
Furthermore, the methodology applied in this study can serve as a model for similar genomic
investigations in other subspecies or populations of honeybees and social insects. Ultimately, our
research underscores the power of population genomics in unraveling the evolutionary history of
domesticated species and offers practical tools for enhancing biodiversity, productivity, and
resilience in managed pollinator populations.
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Table 1. The accession number of the samples used in the current study (NCBI)

P s yiwsd 0ylauds ol

Reference Accession Number Breed
SRR6236947, SRR15173712, SRR15173713,
SRR15173714, SRR15173715, SRR15173716,

Wragg et al., SRR15173717, SRR15173718, SRR15173719,
2016 SRR15173720, SRR15173721, SRR15173732, Wk
Wragg et al., SRR6236907, SRR6236954, SRR6236950, SRR6236908, Ligustica
2018 SRR6236952, SRR15173723, SRR15173727,

SRR15173731, SRR15173730, SRR15173728,
SRR15173729, SRR6236953, SRR6236951, SRR6236949
Wraggetal,  SRR6236943, SRR6236944, SRR6236945, SRR6236946,
2016 SRR15173873, SRR15173874, SRR15173875, s lais
Wragg et al., SRR15173876, SRR15173877, SRR6236933, Caucasica
2018  SRR6236934, SRR6236938, SRR6236939, SRR6236940

93 3 plaie 05 (Sl (olwlis L FSt sy .0 edlatel (XP-EHH) iuses oo 00 000 bawy (obsble i j0en
Bl sl e o Jae Jolse 30 Cou &S WSl oo o) (lagend Slwlis (gl 26308 5l S caslllas 590 05,5
4 as .))’l.))g:u,c MLO.O D90 L;Ltbb9)§ P?’) )‘ u.:l.bw»ﬁ UJL»L.«» L XP-EHH L)i)?) )iﬁj 2w )‘ .J.;'lo.))f ub ‘) U.:ﬁl.o.m
)59y oyl jl ples eslinw! 1V (Sabeti et al., 2007) Sloads Caxis g odpmwy (Sumrsojood 4 ¢ JolS & Sod5 b g Jol8 jsbo
lg U:Lam)z» ‘J.,u‘ O"ﬁ) 9d s D ..\wl; )J9A ¢ul>w| LngdJL»J u‘y& LAWY ‘-SJLAJlA.M) u.’>‘9: Cowo g Cdd L)“‘"‘)‘el P J.;]yuﬁ
$lo)ygs5 95 de gy 9 0 4y 3BT )3 0 2wl ¢ g 350 (sladiges pi JS 5 5L YO+ e lbgran g 5L i 04 e+ o5l
0y y2 ) XPEHH aoulxo 505 «b,5 A e Cumes Oly‘.c 4 (5588 gla)ygu) g Bud Coxes O|9L.c & u.’LJLu\
Il e oo95) slo iy | S5 o 5 Fst yslie duwle (gl VCFLOOIS aoly puizmed .03 sl Selscan 158l ¢ 5 alaws
UEst ¢ 5kl ;I Clysl GFst dslee ol 5o i odliwl (Fst — pFst)/oFst Jge s 5l ZFst aule (sl (o 05,5
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3 oozl b 55 adllas y> (Wragg et al., 2016) il Soo Jbsy J5 g5 gdaw 13 Alg5 oo 45 1539 365 pudgilio g
56 5l odel s @y amlgd b 4l g8y iy e (sloy985 (SBusl oy 4 0dd g slaodls Sl (6500 Lisy
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Figure 1. Admixture results for Caucasian and Italian (Ligustica) honeybees, at three values

of K=2 to K=4
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Figure 2. Manhattan plots of ZFst (a) and XP-EHH (b) across the entire genome (16
autosomal chromosomes) of the Italian honeybee population compared to the Caucasian

breed — the numbers in parentheses indicate the chromosome number
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Table 2. Results of the gene ontology analysis of 19 genes identified as selection signatures

in the Italian breed compared to the Caucasian breed

p-value @)l awlins
EXW SC V) ol cmd & yle oU TR N diand
Adjusted p- Gene ontology term name Category

Gene ontology term
value ID

transmembrane receptor protein tyrosine
0.002 . S GO:0007169 BP
kinase signaling pathway

0.002 cell surface receptor signaling pathway GO:0007166 BP
enzyme-linked receptor protein signalin
0.005 Y potP £ s GO0:0007167 BP
pathway
cellular response to fibroblast growth factor
0.011 ) GO0:0044344 BP
stimulus
fibroblast growth factor receptor signaling
0.011 GO:0008543 BP
pathway
0.011 response to fibroblast growth factor GO:0071774 BP
positive regulation of cell population
0.027 GO:0008284 BP
proliferation
0.046 regulation of cell population proliferation GO:0042127 BP
0.046 cell population proliferation G0:0008283 BP
0.046 cellular response to growth factor stimulus GO:0071363 BP
0.046 response to growth factor GO:0070848 BP

transmembrane receptor protein tyrosine
0.007 _ o GO0:0004714 MF
kinase activity

transmembrane receptor protein kinase

0.012 G0:0019199 MF
activity
protein-L-histidine N-pros-methyltransferase
0.026 GO:0106370 MF
activity
0.026 protein tyrosine kinase activity GO0O:0004713 MF
0.026 fibroblast growth factor receptor activity GO:0005007 MF
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