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Introduction

Honey bees (Apis mellifera L.) (Hymenoptera: Apidae) 
have great importance for crop pollination (Potts et al., 
2016), and beekeeping allows the production of several bee 
products and provides pollination service to many crops 
(Maderson & Wynne-Jones, 2016). Beekeeping can be 
divided into two main types: stationary and migratory. The 
first one consists of keeping the apiary permanently in the 
same place. Thus, colony production is limited by the supply 
of resources (nectar, pollen, resin, and water) determined 
by the local floristic potential (Crane, 1999). The second 
modality is based on the displacement of colonies to specific 
places where blossoms are distributed throughout the year 
to maximize honey production and the pollination of crops 
(Whynott, 1991).
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However, colony transportation in beekeeping can be 
a stressor for the colonies, along with other factors such as 
pests, diseases, poor diet, and pesticide exposure (Even et al., 
2012; Goulson et al., 2015). Colonies that undergo migratory 
beekeeping for commercial pollination in the summer showed 
a reduced capacity to perform thermoregulation during winter 
(Glenny et al., 2017). Colony transportation can also affect 
hypopharyngeal gland development, impairing the ability 
of nurse bees to feed future generations (Ahn et al., 2012). 
Moreover, it can reduce worker bees’ life span, leading to 
increased levels of oxidative stress (Simone-Finstrom et al., 
2016) and the prevalence and abundance of pests and diseases 
(Zhu et al., 2014; Alger et al., 2018).

Nevertheless, some procedures aim to minimize the 
stressful effects of colony transportation, such as the use 
of screened lids to promote ventilation; closing the hive 
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entrance at dusk, when the entire population is inside the hive, 
avoiding its exit; and performing the transportation during the 
night, with milder temperatures, preventing the colony from 
overheating.

Meanwhile, studies showing the impact of colony 
transportation on bees individually or at the colony level 
still need to be made available. A possible effect of this 
management may occur on the bees’ immune system, 
affecting their ability to combat pathogens and pests (Mason 
et al., 2013). The bees’ immune system is composed mainly 
of innate systems. The immune response against pathogenic 
organisms can be divided into two mechanisms that work 
together: cellular and humoral responses (Nation, 2015; 
Iwasaki & Medzhitov, 2015). The humoral response consists 
of a battery of antimicrobial peptides that are synthesized in 
the presence of pathogenic organisms or situations of stress 
(Yang & Cox-Foster, 2005; Antúnez et al., 2009).

Honey bees have six antimicrobial peptides, including 
defensin-1 and abaecin. Defensin-1 is a cysteine-rich cationic 
peptide, is the primary defense system of many organisms. 
It acts mainly against Gram-positive bacteria, permeating its 
cytoplasmic membrane, and is up-regulated upon bacterial 
infection (Evans, 2004; Randolt et al., 2008). In turn, abaecin 
is a proline-rich peptide and has a broad spectrum of action 
against bacteria (Casteels et al., 1990; Lourenço et al., 
2018). Its expression is up-regulated very quickly in response 
to bacterial infection (Richard et al., 2012; Aronstein & 
Saldivar, 2005).

In addition to antimicrobial peptides, other proteins 
act in stressful situations. Hexamerins are highly conserved 
molecules that act as molecular chaperones in biotic or abiotic 
stresses, such as overheating, the presence of toxic compounds 
and pathogens (Sahebzadeh & Lau, 2017). Constituted by 
proteins of different molecular masses, including HSP70, 
they perform functions in cell differentiation and regulation 
and embryonic development (Elsik et al., 2014).

Stress caused by colony transportation can have effects 
both on antimicrobial peptides and proteins that compose 
the bees’ immune system and also on bee mortality and the 
colony’s population growth. Therefore, this work aims to 
evaluate the effects of honeybee colony transportation for 
different time lengths on immune system gene expression and 
bee mortality, and population growth of the colonies.

Material and Methods

Colony preparation and transportation

Twenty-one honey bee colonies kept in standard 
Langstroth nuclei were used, standardized in the number of 
brood and food frames. The colonies were submitted to three 
treatments of 7 colonies each: Treatment 1 (T0), control, where 
the colonies were not transported; Treatment 2 (T50), where 
the colonies were transported for 1 hour, which corresponded 
to about 50 km; Treatment 3 (T100), where the colonies were 

transported for 2 hours, corresponding to approximately 100 
km of distance.

 The colonies were transported during the night, once, 
on May 25th, 2018. For transportation, a screened transport lid 
was placed, allowing the hive to be ventilated. The entrance 
was closed with foam at the time of the transportation and the 
colonies were placed side by side in the back of a truck. The 
colonies left an apiary located at the geographical coordinates 
22°49’14.9” S and 48°23’23.8” W at an average altitude 
of 502 m; circulated by local roads for the specified time 
lengths, and arrived at an apiary located at the geographical 
coordinates 22º50’28” S and 48º25’42” W and at an average 
altitude of 730 m, where the control colonies already were. 
The distance between the two sites was approximately 4.6 
kilometers. The colonies were placed on individual stands, 
the entrances opened, and the transport lids were replaced by 
conventional lids. The region’s climate is characterized as Cfa 
by the Köppen classification (da Cunha & Martins, 2009).

Gene expression analysis

 For gene expression analysis, before transportation, 
a frame containing capped brood was removed from the 
colonies of each treatment, placed in a screened tissue, returned 
to the original colony, and kept inside the hive for 24 hours. 
Then, approximately 100 newly emerged bees were marked 
on the dorsal part of the thorax (pronotum) with a non-toxic 
marker and reintroduced into their original colonies. After 22 
days, the colonies were transported in their determined time 
lengths. At 0, 24, and 72 hours after transportation, 10 marked 
bees were collected from each colony to evaluate the effects 
of transportation as foragers. The same protocol was used for 
the control colonies, and the bees were collected in the same 
periods described above.

The collected bees were immediately anesthetized 
on ice and subsequently frozen at -80 ºC. Total RNA was 
extracted from a pool of 5 heads (Schlüns & Crozier, 2007) 
following the methodology proposed by Scharlaken and 
collaborators (2008) using 500 µl of TRIzol® Reagent (Life 
Technologies, Carlsbad, CA), according to the manufacturer’s 
instructions. The investigated genes were defensin-1, abaecin, 
and HSP70. The oligonucleotides sequences and details are 
described in Table 1. The extraction product was visualized 
on a 1% agarose gel and quantified using a NanoDrop device 
(Spectrophotometer ND-1000). Then, cDNA synthesis was 
prepared with SuperScript® III Reverse Transcriptase kit 
(Invitrogen, Carlsbad, CA), according to the manufacturer’s 
protocol. 

Gene expression determination was performed by real-
time polymerase chain reaction (RT-PCR) in triplicates, using 
the actin gene as an endogenous control (Scharlaken et al., 
2008). Negative control was used for each reaction, consisting 
of a mixture of reagents and water. They were performed on 
ABI 7500 FAST device (Applied Biosystems, Foster City, 
CA) using a SYBR® Green PCR Master Mix kit (Applied 
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Biosystems, Foster City, CA) under the following conditions: 
one cycle at 50 ºC for 2 minutes; one cycle at 94 ºC for 10 minutes, 
followed by 40 cycles of 94 ºC for 15 seconds and 60 ºC for 1 
minute. The dissociation curve was obtained as follows: 95 °C 
for 15 seconds, 60 °C for 30 seconds, and 95 °C for 15 seconds.

Oligonucleotides efficiency (E) was calculated using a 
standard curve from four dilutions of the cDNA samples: 1: 
5, 1:25, 1:125, and 1:625, using the formula E = 10 (-1/slope). 
Genes relative quantification (R) was determined by the ratio 
of the expression of the target gene to the endogenous gene, in 
which the CP (crossing point) is defined as the point at which 
the detected fluorescence is appreciably above the background 
fluorescence, according to the equation below (Pfaffl, 2001):

Etarget being the efficiency of the target gene; Eref 
the efficiency of the reference gene; ΔCPtarget is the CP of 
the target gene of the control treatment - CP of the target gene of 
the transported treatments; ΔCPref is the CP of the control 
treatment - CP of the reference gene of the transported treatments.

Bee mortality evaluation

To assess bee mortality after transportation, under 
basket-dead bee boxes (Accorti et al., 1991) were installed 
in all experimental colonies. The boxes were positioned 
immediately after transportation and maintained for 7 days, 
with bee mortality being assessed daily and expressed in the 
number of dead bees per box.

Population growth evaluation

For population growth assessment, open and closed 
broods of the central frame of each experimental colony 
were evaluated. The evaluation was carried out one week 
before transport, one day before transport, and four weeks 
after transport, according to the methodology adapted from 
Al-Tikrity and collaborators (1971). The pictures were 
positioned in a structure in which its sides are composed of a 
2 x 2 cm grid. In this way, the two sides of the selected frame 
were photographed, and the areas (cm²) were measured using 

CorelDRAW® X8 (Corel, Ottawa, ON). For the proposed 
assessment, the results were grouped into two periods: before 
and after transportation.

Statistical analysis

The data obtained for population development and gene 
expression were first tested for normality (Anderson-Darling 
test) and homogeneous variances (Levene’s test). When 
significant deviations (p < 0.05) from these assumptions were 
detected, the data were compared using the non-parametric 
Mann-Whitney test, and the median and interquartile intervals 
(Q1_Q3) were presented. When no significant deviations from 
normality or homoscedasticity were detected, the data were 
analyzed with one-way ANOVA, and the mean ± standard 
deviation values were presented. P-values below 0.05 were 
considered significant. All statistical analyses were performed 
using the statistical software Minitab.

Results

The results of the relative expression analysis of 
defensin-1, abaecin, and HSP70 genes are shown in Graphics 
1A, 1B, and 1C, respectively. For the defensin-1 gene, up-
regulation was observed in treatment T50 right after transport, 
with a significant difference compared to the control and 
treatment T100. Then, T50 showed down-regulation 24 hours 
after transport, returning to expression values similar to 
the beginning 72 hours after. For treatment T100, down-
regulation was observed 0, 24, and 72 hours after, with a 
significant difference, compared to the period immediately 
after transport. Down-regulation observed 72 hours after 
transport in T100 also showed a significant difference compared 
to the treatment T50 in the same period (Figure 1A).

Regarding abaecin gene, treatment T50 presents up-
regulation immediately after transport, with a significant 
difference compared to the control. Then, there is down-
regulation 24 hours after transport, with a significant difference 
concerning the 0 hour period. Finally, 72 hours after transport, 
there is a new up-regulation with a difference between the 
T100 treatment for the same period. In treatment T100, 
up-regulation is also observed right after transport, with a 
significant difference in relation to the control and the period 
72 hours after, which shows down-regulation (Figure 1B).

Gene Number Gene Bank Primer sequence 5’-3’

Actin AB023025 TGCCAACACTGTCCTTTCTG AGAATTGACCCACCAATCCA

Defensin-1 U15955 CTGCACCTGTTGAGGATGAA
GCGCAAGCACTGTCATTAAC

Abaecin AF442147 CAGCATTCGCATACGTACCA
GACCAGGAAACGTTGGAAA

HSP70 Martins et al., 2008 CAAAGTTGTAAGCGACGGCGGAA
TGTCTCCGGCTGTGGAGCGCA

Table 1. Oligonucleotides initiating immune system genes (defensin-1, abaecin, and HSP70) and constituent 
(actin) of honeybees submitted to different transportation time lengths.
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Fig 1. Relative expression of defensin-1 (A), abaecin (B) and HSP70 (C) genes in honey bees 
submitted to transport for 1 hour (T50) and 2 hours (T100) and collected at 0, 24 and 72 hours after. 
*represents difference in relation to the control; distinct letters represent differences between the 
means: upper case between the treatment T50; lower case between treatment T100.

For the HSP70 gene, treatment T50 is down-regulated 
right after transport, with a significant difference concerning 
the control and the periods 24 and 72 hours after, which 
have up-regulation. In treatment T100, down-regulation is 
also observed right after transport, but with a significant 
difference only 72 hours after. In both treatments where 
transportation occurred, up-regulation observed 72 hours 
afterward presents a significant difference compared to the 
control (Figure 1C).

The results of bee mortality are shown in figure 2. 
There was no significant difference between treatments T50 
and T100 compared to the control (p = 0.6149). The average 
mortality was obtained during seven evaluation days, observing 
a similar pattern between treatments.

The results of population growth are shown in figure 3. 
For the closed brood area, a reduction in all treatments is 
observed, being significant only for the control (p = 0.0809 
and p = 0.3938, for T50 and T100, respectively). Evaluating 
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the treatments among themselves in each of the bee collection 
periods, control colonies presented a closed brood area larger 
than treatment T100 before transport. After transport, the 
areas were not statistically different in any of the treatments 
(p = 0.4325).

Open brood areas did not show significant differences 
in any of the treatments before and after transport (p = 0.7634; 
p = 0.8999; p = 0.6009, for T0, T50, and T100, respectively). 

There was also no significant difference between these areas 
before (p = 0.1088) and after transport (p = 0.3181).

As for the food areas (nectar, honey, and pollen), there 
was an increase in all treatments after transport, but there  
was no significant difference between treatments (p = 0.3195, 
p = 0.0733, before and after transport, respectively). However, 
there was a significant difference in the evaluation of 
treatments between T0 and T50 (p = 0.1671 for T2).

Fig 2. Average daily mortality of honey bees not transported (T0) and submitted to transport for 1 hour (T50) and 2 hours (T100).

Fig 3. Open brood and Sealed brood (cm²) before and after transport for not transported (T0) and submitted to transport 
for 1 hour (T50) and 2 hours (T100).

Discussion

The results obtained in the experimental conditions 
of this work show that colony transportation promotes 
defensin-1, abaecin, and HSP70 gene modulation. Relative 
gene expression analysis of the antimicrobial peptides 
defensin-1 and abaecin are valid indicators of effects on 
the bees’ immune system (Siede et al., 2012). Colonies 
transported for 1 hour showed similar patterns in the expression 

of these two genes, with up-regulation right after transport, 
followed by down-regulation after 24 hours, and up-expression 
again 72 hours later, at a level close to the one observed in 
the collection made shortly after transportation. For colonies 
transported for two hours, the defensin-1 gene is down-
regulated in all evaluated periods and the abaecin gene 72 
hours after transport.

These results suggest that there is a suppressive effect 
on the bees’ immune system at the time lengths considered for 
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transport, with the 24 hours being the most vulnerable for colonies 
transported by one hour, where there is an immunosuppressive 
effect for both genes (Casteels et al., 1990; Lourenço et al., 
2018). For colonies transported for two hours, this occurs more 
intensely 72 hours later, when there is down-regulation for the 
two antimicrobial peptides. However, this is also observed for 
defensin-1 24 hours after transport. Although colony transport 
can be considered acute stress by lasting less than four hours 
(Even et al., 2012), its effects lasted for at least 72 hours.

Thus, transport in both treatments caused up-regulation 
in antimicrobial peptide genes defensin-1 and abaecin, as 
well as down-regulation, indicating an immunosuppressive 
effect. Immune system suppression can occur due to several 
factors, such as pesticides (Mason et al., 2013; Sánchez-
Bayo et al., 2016), pests (Navajas et al., 2008; Chaimanee et 
al., 2012), and mechanical injuries (Koleoglu et al., 2017). 
In turn, immunosuppression can promote several effects, 
such as greater susceptibility to diseases and pests (Nazzi 
& Pennacchio, 2014); down-regulation of vitellogenin and 
juvenile hormone genes, both related to labor differentiation 
of worker bees (Bordier et al., 2017); and also, impairment of 
foraging activity, affecting pollen collection and consequently 
the colony’s nutritional balance (Bordier et al., 2018).

For the HSP70 gene, up-regulation was observed 24 
and 72 hours after transport when performed for one and two 
hours, respectively. Hexamerins are considered important 
storage proteins, acting as molecular chaperones in thermal 
stress situations, assisting in refolding proteins that denature 
with temperature increases and preventing their erroneous 
binding to other compounds (Sahebzadeh & Lau, 2017). 
Thus, transport may have caused the expression of this gene 
related to the physiological regulation of body temperature 
variations. Also, the period considered in the experiment was 
not enough to verify the necessary time to restore normal 
levels of HSP70 for the transported treatments.

Bee mortality and population growth analysis did not 
change in transported colonies compared to control colonies. 
For bee mortality, this result indicates that the method used to 
prepare the colonies for transportation minimizes a stressful 
effect, which is the death of bees and the consequent population 
decrease. Finally, for population growth, despite a decrease 
in the control and T50 colonies for closed brood areas, there 
was no change in the colonies of the T100 treatment. This 
may also indicate a positive effect of the colony preparation 
method. However, as migratory beekeeping aims to move 
colonies to areas with a high abundance of floral resources, 
the stressful effect of this management can be masked by the 
increase in food availability (Zhu et al., 2014). This can be 
seen by the increase in the area of stored food for both control 
and T50 treatments since the colonies were transported to the 
same apiary where the control colonies were placed.

Colony transportation for both pollination and honey 
production is a common practice in beekeeping worldwide. 
Nevertheless, different transportation protocols are used by 

beekeepers to make it a fast and practical operation, only 
sometimes prioritizing the well-being of bees, which could 
promote stress in the colonies. For instance, transporting 
colonies during the day, when temperatures are higher, can 
promote an increase in the colony’s internal temperature, in 
addition to the loss of worker bees in the foraging stage if 
the colonies are not closed at night. Likewise, transporting 
colonies with closed entrances helps to reduce the colonies’ 
population loss and, consequently, their population growth. In 
this work, colony transportation was carried out to minimize 
possible stressful effects on the colonies, using a screened lid 
for ventilation, closed entrance, and transport at night. Thus, 
it can be inferred that when colonies are transported in an 
attempt to maintain the minimum conditions of well-being 
for the bees, the losses of this management can be reduced. 
However, some physiological changes can be observed.

Conclusion

Colony transportation for up to two hours promotes 
modulation of immune system gene expression, although there 
are no significant changes in bee mortality and population 
growth in the colonies.
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