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ABSTRACT

Hygienic behaviour is a desirable trait in honey bees
and involves the detection of diseased, infected broods and
their quick removal from the nest by worker honey bees.
The pin-killed test and gene expressions of five primers for
hygienic behaviour using Real-Time PCR were used to
compare colonies from swarming, queen-less colonies, and
dividing headed by a queen unifying the beekeeping
process, colony strength, and genetic origin of the three
types of studying nuclei and returning the hygienic
behaviour differentiation to the colonies' population status.
Our findings revealed that the removal of dead broods in
swarming colonies was significantly higher than that of
both dividing colonies headed by queen and queen-less
dividing colonies. Swarming colonies exhibiting different
rates of hygienic behaviour using pin killed test (HB %)
correlated with its different genetic structures using gene
expression. We recommend that this trait be considered in
queen-rearing programs and that hives be left to swarm,
which is a stimulant and promotes the genes of hygienic
behaviour inductions associated with swarming.

Keywords: Honey bee colonies, Hygienic behaviour,
swarming, dividing, queen-less, laying worker, brood pin
killed test, Gene expression.

INTRODUCTION

Hygienic behaviour is a mechanism of quickly
uncapping, removing diseased broods and interrupting
the infectious cycle (Uzunov et al., 2014 and Abou-
shaara et al., 2018). Furthermore, disease resistance if
bees can remove brood from the nest before the
pathogen becomes infectious, which is a desirable trait
in honey bees that confers colony-level resistance
against various brood diseases (Balhareth et al., 2012;
Chandran et al., 2015 and Nganso et al., 2017).

Naturally, honey bees developed some mechanisms
to defend against invaders. The term "hygienic
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behaviour"  was  originally  first  mentioned
(Rothenbuhler, 1964), and means the ability of worker
bees to identify dead broods and remove them from the
cell, thus reducing the infestation (Bigio, 2014 and
Chandran et al., 2015). But its genetic basis was first
suggested by Rothenbuhler (1964), who proposed a
two-loci model to explain hygienic behaviour
inheritance (Rothenbuhler, 1964 and Thompson, 1964).
Hyagienic behaviour in honey bees is controlled at least
partly by two recessive genes, one for uncapping cells
and the other for removing brood remains (Panasiuk et
al., 2009; Balhareth et al., 2012 and Bigio, 2014). The
degree of hygienic behaviour varies between colonies,
both because of the genetic composition of the worker
bees and because of the strength and age distribution of
the colony population (Simone et al., 2009 and Buichler
et al., 2013). Not worthy, the hygienic behaviour of
honey bees has been described as a two-step process
bees uncap wax-covered cells containing diseased brood
(fifth-instar larvae and pupae) and then remove the
brood (Bigio, 2014 and Boutin et al., 2015).

It is known that in the honey bee colony, the queen
has a dominant influence on the behaviour and the
physiology of the worker bee's community (Simon et
al., 2001), the presence of the queen in a group of
worker bees inhibits the ovarioles development in the
bee workers by its pheromones (Khodairy & Moustafa,
1963 and Pinto et al., 2000). The workers establish a
retinue behaviour as a special behaviour towards their
queen (Velthuis & Van Es, 1964; Velthuis, 1970 and
Slessor et al., 1988) recognizing her by the special
queen pheromones leading to the queen right behaviour,
which in turn influences the development of the worker
ovaries. When the queen is taken away or lost from its
queen-less colony, ovarioles development in the orphan
workers begins and may result in the so-called laying
worker (Khodairy and Moustafa, 1963).
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The dividing system (artificial swarm) and nuclei
production are some of the most profitable products of
the beekeepers, either for sale to others for establishing
new colonies in apiaries or in the same apiary used for
increasing the number of colonies. Divided the strong
colonies is considered one of the controlling methods of
swarming (Winston, 1980; Winston, 1991; Winston et
al., 1991 and Lewis & Schneider, 2008). The production
of package bees and nuclei needs high experience and
knowledge from the beekeeper to identify several
important points associated with the success of the
division process as; the most suitable seasons for the
division, the best colonies that will be divided, the type
of queens and the ways of introducing queens in the
new colonies (Masry et al., 2015; Masry & Abdelaal,
2016; Al Naggar et al., 2018 and Taha et al., 2019).

Swarming is an advantage to the honey bees, which
use swarms to increase their numbers, doubling their
chances of survival and ensuring the survival of their
species. However, it is a distinct disadvantage for
beekeepers. Consequently, beekeepers manage bee
hives to reduce the incidence of swarming to the extent
possible. It usually occurs in spring or early summer and
sometimes at other times of the year when local
conditions permit and begins in the warmer hours of the
day (Winston et al, 1991; Woyciechowski &
Kuszewska, 2012; Richards et al., 2015; Tahmasbi et
al., 2015 and Zhu et al., 2019). The nest site selection
process starts with several hundred scout bees flying
from the swarm cluster to search for tree cavities and
other potential nest sites. Then they use the waggle
dances to steer them to the swarm's new home. Once the
scouter bees have completed their deliberations, they
stimulate the other members of the swarm to launch into
flight and to the chosen site (Avitabile et al., 1975;
Winston, 1980; Lensky & Slabezki, 1981; Ferrari et al.,
2008; Bencsik et al., 2011; Richards, 2012; Uzunov et
al., 2014 and Andonov et al., 2019). Swarmed colonies
have good hygienic behaviour tested by pin killed test
(HB %) which correlated with more biological activities
of a higher amount of brood, pollen grains, honey and
bee population than dividing colonies (Kandel et al.,
2024).

The objective of this study is to compare the
hygienic behaviour of HB% using the pin-killed test of
three tested groups of honey bee colonies' populations
of swarms, divisions headed by queens, and queen-less
divisions. Gene expressions of five primers for hygienic
behaviour using Real-Time PCR and RNA analysis are
the molecular tools used in this study to compare
colonies from swarming, orphan colonies, and dividing
headed by a queen. Unifying the beekeeping process
and genetic origin of the three types of studying nuclei
and returning the hygienic behaviour differentiation to

the colonies' population status was demonstrated in this
investigation.

MATERIAL AND METHODS

A total of twelve mother colonies were established
and headed by mated queens that have the same genetic
origin obtained from Menzala, the previous region of
isolated Carniolan bees in Egypt (Fathy et al., 2019),
transferred to the experimental apiary of Al-Sabahia
Research Station, Alexandria, Egypt on March 2021.

In May 2021, six natural swarms were caught
separately from the mother colonies. Furthermore, two
types of divisions as well (six colonies with queens, and
six queen-less colonies (orphan colonies or laying
worker colonies) were established and housed in a
Langstroth hive simultaneously with the swarm
mimicking approximately equal in their strength (stored
honey, stored pollen, number of frames covered with
bees, brood production, and queen status).

Queens were introduced only in six colonies, using a
semi-circle cage, and released after 48 hr (Masry &
Abdelaal, 2016). The released queens were inspected
daily for recording the starting of laying eggs to be
confident the queen was accepted.

The emphasis lies in unifying the genetic origin
factor and beekeeping process of both types of studying
colonies and returning the Hygienic behaviour
differentiation to the colony status whether it was a
natural swarm diving colony or queen-less colony
(laying workers — orphan colony).

3.1. Methods for testing hygienic behaviour (pin
killed test):

Pin killed test was carried out one time
simultaneously with samples collected during the active
seasons (Evans et al., 2013 and Uzunov et al., 2014),
considered an indicator of hygienic behaviour was
estimated in each colony cleaning cell numbers were
counted after 12, 24, 48 hr of the 100 sealed worker
cells that were pierced by a tiny needle described
(Gramacho et al., 1999; EID, 2013; Abou-Shaara et al.,
2018 and Kandel et al., 2024). One sealed brood comb
was chosen from each of the three experimental
colonies, then 10 x 5 cm were marked using a marker
pen and counted as a total number of 100 marked brood
cells (X) (Fig. 1). A pin was used to kill the marked
cells. Then, those treated combs were returned to their
colonies and after 12, 24, and 48 hr, the number of
removed dead broods from marked brood cells by
worker bees was counted and recorded as (Z) (Fig. 2).
This observation was made one time in the early
summer for both 18 tested nuclei. The percentage of
hygienic behaviour (pin test) calculated by this formula
HB %= Z/X*100 (Kandel et al., 2024).
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Fig. 2. Honey bee workers detect and remove the dead sealed brood

3.2. Gene expression of hygienic behaviour
3.2.1. Sampling

Honey bee workers were collected from the 18™
experimental colonies separately two times a week after
housing the treatment colonies, and during the early
summer of 2021 with a composite pooled sample of
approximately 50 worker bees equally derived from the
same colony (ca. 25 worker bees per colony in one
time). Honey bee workers were chosen from the hive
entrance (foragers) and maintained alive in ventilated
cages, transported cold to the laboratory, where they
were stored at -80°C until processing (Evans et al., 2013
and Scheiner et al., 2013). In total, 36 samples (6
colonies x 3 treatments x 2 times) were collected.

3.2.2. Total RNA extraction and cDNA synthesis:

According to the manufacturer's protocol, total RNA
was isolated from worker bees using an RNA extraction
kit (Thermo scientific). RNA concentrations were
determined by using a Nanodrop ND-1000 spectrometer
(Nanodrop Technologies, Wilmington, DE) (Fig. 3).
Then cDNA was synthesized using oligo-dT primers
(Thermo Fisher Scientific, Schwerte, Germany) and
reverse transcriptase (M-MLV and Revertase, Promega,
Mannheim, Germany) following the manufacturer’s
instructions. For cDNA synthesis, 800 ng of RNA were
used, after which the resultant cDNA was diluted 1:10
prior to use in quantitative real-time PCR (qPCR) (Fig.
4) (Dainat & Neumann, 2013; Evans et al., 2013;

Kandel & Paxton, 2023 and Mahmoud et al., 2024).
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Fig.3. Nanodrop for determination of RNA concentrations

Fig. 4. PCR or Polymerase Chain Reaction (PCR) is used to create several copies of a certain DNA segment and
cDNA synthesis

3.2.3. Expressions of genes (Amplification of

guantitative real-time PCR)

Quantitative real-time PCR gPCR was performed in
a 20 pL reaction mixture consisting of 1X Sso
Advanced TM SYBR Green supermix (Bio-Rad), 0.2
pL of each primer, and 1 pyL (100 ng) of cDNA
template (Fig. 5). The oligonucleotide primers for g°PCR
are shown in Table (1) (Hamiduzzaman et al., 2017).
The reaction was carried out in 96-well plates using a
Bio-Rad | cycler (Bio-Rad Crop., Hercules, CA.)
programmed with the following temperature profile: 95
°C for 30 sec followed by 50 cycles of 95 °C for 5 sec,

60 °C for 30 sec, melt curve from 65 to 95 °C in 0.5
°C/5 sec increments. The melt curve segregation was
analyzed to confirm each amplicon. Relative expression
levels were calculated by the DCT method. Threshold
cycle (CT) numbers for target genes were deducted
from the reference gene for each sample. Ribosomal
protein subunit 5 was used for normalization and chosen
as the reference gene. According to the primer
efficiencies via serial dilutions of known templates, a
low transcript level (10 copies) was detected at 42
cycles (Kandel et al., 2024 and Mahmoud et al., 2024).
Thus, a CT value of 35 cycles was assigned above 35.
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Table 1.The primers used to amplify the hygienic and grooming behaviour genes evaluated

Gene name Sequence '5-'3 Gene ID Reference
F:5-CTC TTC TGT GCC GTT GCA TA-3'’
HYM* R:5'- GCG TCT CCT GTC ATT CCATT-3’ GB17538 (Evans et al., 2006)
F:5-CAAGACCTC CAACTAGCATG-3 (Hamiduzzaman et al.
* ]
PUT68 R: 5'- CAA CAG GTG GTG GTG GTG-3' GB13651 2012)
F: 5-GTT CCG GGA AAATGACTAC-3'  XM_00656230
* —
CYP9Q3 R: 5'- ACT CTC GAC GCA CAT CCT G-3' 0 (Mao et al., 2011)
F:5-GTG CTT GGG TTA GGA TGT GTAC- .
, (Hamiduzzaman et al.,
BICh* 3 GB10249 2012)
R:5- GTT AAT CTT CTT CCG CTA CTG-3'
Vg* F:5-CTGTCG ATG ?AG AAG GGA ACT- NM_00101157 (Hamiduzzaman et al.,
R: 5- CTT GCC TAC GAG TCT TGC TGT-3’ 8 2017)
(B-actin) F: 5'- ATGCCAACACTGTCCTTTCTGG-3'

Housekeeping

(Forsgren et al., 2009)

R: 5'- GACCCACCAATCCATACGGA-3'

| 7
|| File View Settings Export Tools

Fig.5. Reverse transcription-polymerase chain reaction (RT-PCR) is a relatively simple and inexpensive
technique to determine the expression level of hygienic genes

RESULTS AND DISCUSSION

Eighteen bee hives were evaluated for hygienic
behaviour using a brood pin-killed test one time
according to previous studies, hygienic behaviour varied
between years and seasons (Bigio, 2014; Boutin et al.,
2015; Gempe et al., 2016 and Kandel et al., 2024).

Our results show that the mean of HB % in the
swarming colonies was 35.58 %, 66.58 %, and 91.08 %
after 12, 24, and 48 hr, respectively. However, in
dividing colonies with the queen 26.83%, 60.25%, and

80% after 12, 24, and 48 hr, respectively. Furthermore,
it was 19.67 %, 50.83 %, and 73.33 % after 12, 24, and
48 hr, respectively in queen-less dividing colonies
(laying workers).

The total mean for swarming colonies, dividing
queen colonies, and queen-less dividing colonies was
63.7, 55.4, and 48 %. There was a significant difference
noticed between swarming, queen-dividing colonies and
queen-less dividing colonies in the hygienic behaviour
test described in Fig. (6).
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Fig.6. Hygienic behavior test (HB%) of eighteen colonies
headed by queens both of natural swarm, dividing, and orphan colonies
carried out at the same time.

Our results show that the expression of hygienic
behaviour genes was better expressed in swarming
colonies than in dividing queen colonies, and queen-less
dividing colonies. Hygienic behaviour significantly
differs between the three tested colonies population
relies on quantitative real-time PCR with CT value
above 35 as shown in Fig. (7).

A different expression of the hygienic behaviour
trait in the honeybee since we recorded different levels
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of brood removal in both honeybee experimental
colonies. Our findings corroborate the results of a
previous study of the pin-killed test (Kandel et al.,
2024), and others which found a different expression of
hygienic behaviour between honey bee races, varroa
infestation response (Boutin et al., 2015; Gempe et al.,
2016; Hamiduzzaman et al., 2017 and Nganso et al.,
2017)

B swarming
dividing

laying worker

VG PUF68

Fig.7. RT- PCR reaction of five genes specific for hygienic behaviour from
six colonies in each status of swarm, dividing, orphan honey bee colonies



Mohamed Kandel et al.-: Evaluation of Hygienic Behaviour in Different Status of Managed Honey Bee Colonies 17

None of the 18 study colonies had a mean removal
level over 93.5 % after 48 h, which is a convenient
threshold level above which colonies are considered
fully hygienic. However, one colony had a mean of 93.5
% over the experiment. These results agree with
previous studies that reported variable hygienic
behaviour levels in swarming honey bee colonies and
confirm that hygienic behaviour is at a level higher in
colonies established from swarming than those that have
the same production, population strength, time start-up,
and genetic origin (Kandel et al., 2024).

Regarding the time of hygienic behaviour test
performance, according to the previous studies hygienic
behaviour was strongly influenced by the season in
which the HB test was performed, and the highest level
of HB was in summer (Bigio, 2014 and Uzunov et al.,
2014). Furthermore, there was a significant variability
between the genotypes from different subspecies
therefore in our study the HB test was carried out only
in the summer on the same genetic origin colonies.

It is well known that honey bee colonies' decline was
affected by several stressors including pesticides,
pathogens and parasites such as Varroa destructor,
fungal diseases (Nosema ceranae /Nosema Apis,
Ascosphaera Apis), bacterial disease (American
foulbrood, European foulbrood), viral diseases (DWV,
SBV, BQCV, etc.), and Protozoans (Crithidia
Mellificae, Lotmaria Passim, etc..). Previous study
demonstrated that the hygienic honey bees were linked
to decreased Varroa mite populations and a lower
prevalence of honey bee viruses at the colony level.
These bees also exhibited enhanced individual
immunity, which may have helped reduce virus levels,
furthermore, the lower Varroa numbers due to social
immunity likely played a role as well (Bigio, 2014 and
Erez et al., 2022).

In summary, these results demonstrated that the
hygienic behaviour level might be related to the
enhancement and induction of vital gene expression
during swarming behaviour that might be useful as a
biomarker for behavioural traits in bees. We recommend
that hives must be left to swarm or prepared to swarm,
which is a stimulant and promotes the genes of hygienic
behaviour inductions associated with swarming
behaviour. Hygienic behaviour must be considered in
queen-breeding programs because a strong immune
system ensures resistance to disease pathogens such as
fungal diseases, viral diseases, bacterial diseases, and
protozoans. Furthermore, this behaviour enables
workers to quickly eliminate external pests or pests such
as varroa mites.

CONCLUSION

In conclusion, swarming colonies have higher levels
of dead broods' removal from the nest than both
dividing colonies headed by queen and queen-less
dividing colonies, which correlated with its different
genetic  structures of hygienic behaviour gene
expression rate. We recommend that hives be left
allowed to swarm which is a stimulant and promotes the
genes of hygienic behaviour inductions associated with
swarming. This trait should be taken into consideration
in queen-breeding programs. The hygienic breeding
should be from swarmed colonies with active functional
genes specific to hygienic behaviour. This is better than
breeding from dividing colonies. We also do not
recommend breeding from colonies of previously
queen-less colonies and in which queens were
introduced.
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