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In the current context of a global human-mediated
environmental crisis, understanding which genes and
mechanisms are responsible for adaptation to different climates
will enable predictions on how organisms will respond to a
rapidly changing world. This is particularly important for the
honey bee, a key-stone species for ecosystem functioning and
economy, which is facing increasing pressures from the effects of
intensified land use, climate change, and the spread of pests and
pathogens.
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INTRODUCTION

RESULTS AND DISCUSSION

OBJECTIVES

The aim of this work is
searching for signatures of
selection along the genome
of 87 individuals using two
different allele-
environment association
approaches.

METHODS

Genome sequencing

Illumina technology was used to sequence the whole genomes of 87 Iberian honey bees
collected across three north-south transects in the Iberian Peninsula (Fig.1).
The reads were mapped against the reference genome Amel_4.5 using BWA.
Several steps of quality control were performed:
Identify and mark PCR duplicates: Picard
Identify regions of poorly and inconsistently mapped reads: GATK45
SNP calling: FreeBayes
Remove SNPs with: quality below 50; depth below 123 or higher then 3000 present in less then
37 alleles
In total the dataset is composed by 1,289,449 SNPs.
Environmental data
The environmental data were obtained from the Climatic Research Unit (www.cru.uea.ac.uk)
and ArcGIS was used to manipulate the data
Searching for signals of selection
The allele-environmental association methods LFMM and Samβada were used to search signals
of selection along the genome.
The database PANTHER v.8.0 (protein annotation through evolutionary relationships)
classification system (http://www.pantherdb.org/) was used to examine if adaptively evolving
loci were enriched for specific functional annotation .

Figure 1: Map representing the distribution of  
precipitation in May. The red spots indicates the samples 

position of the  individuals used in this study.

Overlaping
LFMM 
unique

Samβada
unique

long 113 0 564
lat 350 35 64
prec1 143 21 105
prec5 308 288 10
prec8 79 272 58
tmin1 57 19 11
tmin6 5 2 4
cld4 108 89 23
cld7 8 26 3
rh1 16 17 3
rh3 19 92 14
rh6 6 17 14
ins4 20 48 28
land 11 21 0

Table 1. Number of overlapping SNPs detected
by the allele-environment approaches and
number of genes detected just by Samβada(P-
value < 0.0001) and LFMM (FDR<0,05) for each
environmental variable.

Figure 2: Genome-wide distribution of significance
values –log10(q-value) obtained by the allele-
environment approach LFMM for the variables with
higher number of outliers a) longitude b) latitude c)
precipitation in May c) precipitation in August. The red
lines indicate FDR values of 0.05, 0.02 and 0.01
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 A total of 1,416 (FDR<0.05), 360 (FDR<0.02),
and 220 SNPs (FDR<0.01) were identified by
the LFMM approach (Fig. 2).

 Samβada detected a total of 2,145 SNPs with
a P-value < 0.0001).

 Of the 1,416 outlier's SNPs detected by
LFMM 814 were simultaneously detected by
Samβada (Table 1) and these were located in
or near 302 genes . The environmental
variables that showed a greater number of
associations with the 814 SNPs were long
(113), lat (350), prec1 (143), prec5 (308), and
cld4 (108) (Table1).

 The climate-driven candidate gene with more
SNPs associated is GB49881 (37), most of
them (28) associated with prec1. GB49881 is
only 1,864 bp away from another candidate
GB49882, which contained 15 SNPs.

 The homolog gene GB49882 in Drosophila
melanogaster encodes the protein SHAW,
that is a member of shaker family of voltage-
gated K+ channels. This protein is widely
expressed in the nervous system, more
specifically in clock neurons and helps to
regulate resting membrane potential in
central neuron. Parisky et al. 2008 have
shown that this gene plays an important rule
in the regulation of the sleep circuit or
circadian clock in in Drosophila melanogaster.

 Of a total of 14 GO categories were
significantly over-represented (threshold of P-
value<0.05) (Fig. 3)

 We have an over-representation of the terms
receptor binding and receptor activity for the
molecular function that are crucial for the
organism recognize the extracellular
messages and translate these signals into
cellular response .
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 .We found nine genes related with
insecticide response, GB54460 was
previously described by Chávez-Galarza et
al. (2013) and Harpur et al. (2014). Five
out nine genes are associated with
longitude. These could be due differences
in agriculture practice between the
countries.
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Figure 3: Enrichment of GO-Terms  related with biological and molecular functions (the 
molecular functions are marked by *).. Abbreviations : syst (system), dev
(development), met (metabolic), proc (process), org (organism), reg (regulation), bio 
(biological).

 Some of the biological functions over-
represented are important for the
cellular response such as steroid
metabolism process, cell adhesion,
neurological system process, nervous
system development.

Note: prec (precipitation), tmin (minimum temperature), cld (cloud 
cover)
rh (relative humidity), ins (insolation)  and land (Land Cover) 
numerals 1 to 12 on front of each variable specify the month
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