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ABSTRACT

Apis mellifera yemenitica is the native honeybee of the Arabian Peninsula. It demonstrates unique morphological,
behavioral, and molecular aspects to survive extreme summer temperatures dominating the region. In this study,
relative expression of Apis mellifera lethal(2)-essential-for-life-like (1(2)efl) gene family (ID: 724405; 724488;
234274) were measured in A. m. yemenitica and A. m. carnica under desert (Riyadh) and semiarid (Baha) con-
ditions of Saudi Arabia. Results demonstrated significantly higher day-long expression levels of 1(2)efl mRNAs in
A. m. yemenitica than in A. m. carnica under the same conditions. Under desert conditions of Riyadh, fold changes
in expression levels of I(2)efl mRNAs were ~100x higher in A. m. yemenitica than the calibrator. In Baha
(semiarid conditions), I(2)efl expression levels were very modest compared to those in Riyadh with significant
interaction between location and subspecies. In conclusion, expression of I(2)efl (mRNAs) (724405; 724488;
234274) can be considered as a key component of A. m. yemenitica response to extreme desert temperatures
characterizing the Riyadh region. On the other hand, the semi-arid conditions (Baha) are a more suitable habitat

for A. m. carnica compared to Riyadh.

1. Introduction

The common honeybee Apis mellifera comprises many ecological
subspecies that are highly adapted to their native habitat (Ruttner,
1988; Ilyasov et al., 2020). Yet, outside their natural distribution ranges,
the survival of exotic A. mellifera subspecies is strongly impacted by
extreme environmental conditions compared to the native ones (Rutt-
ner, 1988). Under extreme desert conditions of Saudi Arabia, most
colonies of the exotic A. mellifera subspecies (i.e. A. m. carnica and A. m.
ligustica and their hybrids) die during the first summer season compared
to the native honeybee subspecies A. m. yemenitica (Alqarni, 2006;
Alattal and Alghamdi, 2015). In addition to high summer mortalities,
A. mellifera winter survival is significantly influenced by previous sum-
mer temperatures “researchers refer to as “GoldiKocks” (Calovi et al.,
2021; Insolia et al., 2022). In Saudi Arabia, the term over-summering
describes the ability of the honeybee colonies to pass the extreme
summer temperatures (Alattal and Alghamdi, 2015), a phenomenon that
is restricted to regions with extreme summer temperatures. A. m. yem-
enitica is one of the most thermotolerant A. mellifera subspecies world-
wide (Ruttner, 1988; Alqarni, 2006; Alattal and Alghamdi, 2015,
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Alqgarni et al., 2017).

Many morphological, behavioral, and molecular aspects of A. m.
yemenitica are key components of thermal adaptation. For example,
smaller body size, cuticle anatomy and chemistry, efficient expression of
HSPs, reduced metabolism and efficient water management are some
aspects of A. m. yemenitica adaptive thermotolerance (Ruttner, 1988; Ali,
2011; Alattal et al., 2014; Alattal and Alghamdi, 2015; Porcelli et al.,
2017; Algarni et al., 2019; Alghamdi and Alattal, 2023). Additionally, as
an eusocial insect, A. mellifera colony performs many cooperative
functions such as fanning, migratory swarming, clustering, reduced
foraging times, and hive cooling to withstand hot summer conditions
(Southwick, 1983; Ruttner, 1988; Severson et al., 1990; Zhao and Jones,
2012; Zhao et al., 2021; Xinyu et al., 2023). On the other hand, bee-
keepers regularly employ management practices such as shading nets
and providing colonies with sufficient water sources to alleviate losses
during the summer months, which is considered the most critical period
during the colony seasonal cycle under the desert climate of Saudi
Arabia (Alghamdi and Nuru, 2013).

At the cellular level, heat shock proteins (HSP) are produced to keep
protein integrity, a well-documented molecular mechanism of
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A. mellifera thermotolerance (Severson et al., 1990; Elekonich, 2009;
Zhao and Jones, 2012; Perez and Aron, 2020). Molecular thermotol-
erance of A. m. yemenitica has been briefly discussed, HSP70 was re-
ported as the main heat shock protein induced in A. m. yemenitica after
exposure to heat stress with higher response thresholds compared to
A. m. carnica and A. m. ligustica (Algarni et al., 2019; Alghamdi and
Alattal, 2023). A recent study reported significantly higher relative
expression levels of HSP70, HSC70, HSP90, HSP83, HSP10, and HSP28
(mRNAs) in A. m. yemenitica than in A. m. carnica under the same con-
ditions with an epigenetic layer of HSPs transcriptional regulation
(Alattal and Alghamdi, 2015; Alattal and Alghamdi, 2023).

The lethal(2)-essential-for-life-like (1(2)efl) gene family encodes
several cellular processes, including protein homeostasis and proteo-
stasis (Kurzik-Dumke and Lohmann, 1995; Taylor, et al., 2014; Bakthi-
saran et al., 2015; Qin et al., 2019). The lethal(2)-essential-for-life-like (1
(2)efl) gene family occurs in the perinuclear region of cytoplasm and is
expressed in adult honeybee heads; hearts; mid-guts and in embryonic/
larval muscle system (NCBI: https://www.ncbi.nlm.nih.gov). Higher
levels of I[(2)efl genes (724488, 724405, 724367, 724274, 724449, and
410087(a and b)) transcripts were documented in the mid-guts of
A. mellifera adults exposed to 45 °C for 4 h, than in the control (Shih
et al.,, 2021). After exposure to heat stress, A. m. carnica foragers
exhibited much higher expression levels of I[(2)efl mRNAs than in the
control (McMenamin et al., 2020; Runtuwene et al., 2020). Yet, acti-
vation or silencing of HSP genes in A. mellifera is regulated by many
factors and may require specific enzymes acting on histone remolding
(Binda, 2013). Apis mellifera histone-lysine-N-methyltransferase tri-
thorax (trx)) and Apis mellifera polycomb protein Su(z)12 are antago-
nistic regulators of gene transcription (Binda, 2013; Bakthisaran et al.,
2015), the earlier (trx) modulates gene transcription, while the latter (Su
(2)12) suppresses transcription, and their abundance is associated with
the type of histone remodeling at target genes. Chromatin remolding
and histone modifications are very common in A. mellifera and play a
key role in many biological functions such as cast differentiation
(Dickman et al., 2013; Allis and Jenuwein, 2016) and HSP expression
(Alattal and Alghamdi, 2023).

In this study a day-long expression levels of three I(2)efl genes
(724405; 724488; 234274), Apis mellifera histone-lysine N-methyl-
transferase trithorax (trx)) and Apis mellifera polycomb protein Su(z)12
(mRNAs) were measured and compared in A. m. yemenitica (thermoto-
lerant subspecies) and A. m. carnica (thermosusceptible subspecies)
under natural heat stress of desert and semiarid conditions of Saudi
Arabia.

2. Materials and methods
2.1. Study sites

Apiaries were established in two thermogeographical areas within
Saudi Arabia: Riyadh (Educational Apiary, King Saud University
24°73'80, “N 46°62'09"E), with perfect hot and dry desert conditions,
and Baha (Baha Beekeepers Association 19°85'17"N, 41°58'59"E), with a
semiarid climate (https://en.wikipedia.org/wiki/Climate_of Sau
di_Arabia) (Table 1). Riyadh represents the central region of Saudi
Arabia, which is characterized by extremely hot summer temperatures
exceeding 46 °C. Baha is part of a mountain range called Sarawat (Sarah)
with an altitude of 2270 m above sea level, it is characterized by milder
temperatures during summer months, offering a better habitat for A. m.
carnica (https://www.latlong.net).

Table 1
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2.2. Honeybee colonies preparations

Sixteen colonies of A. m. yemenitica were established from a certified
in-house population (Bee Research Unit, King Saud University). Another
sixteen queenless package bees were headed by imported purebred
certified Carniolan queens (LOKACILJA, Slovenia) to establish sixteen
A. m. carnica colonies. After 90 days of colony establishment, standard
morphometric analysis was conducted at the University’s Bee Research
Unit to confirm subspecies affiliation for each colony following standard
protocols including body size, pigmentation, and fore-wing venation
(Meixner et al., 2013; Bouga et al., 2011). Reference morphometric data
of A. m. yemenitica and A. m. carnica were included in the analysis
(Oberursel Bee Research Institute, Frankfurt, Germany). Established
colonies belonging to each subspecies were distributed evenly between
the two thermogeographical regions (8 colonies/subspecies/region).
After colony standardization, every colony consisted of 7-8 frames of
adult bees including 3-4 brood frames. Colonies were moved to their
assigned locations in March and were treated alike according to API-
MONDIA guidelines for performance testing until sampling (Ruttner,
1972).

2.3. Forager honeybee sampling

Established colonies (n = 16 of A. m. carnica and 16 of A. m. yem-
enitica) were sampled at 3 time periods during June: in the morning after
sunrise (about 7:00 a.m.); mid-day (12:00 p.m. "noon"); and before
sunset (at 5:00p.m.). Each sample consisted of ten foraging bees
collected at the colony entrance using small forceps, then directly dip-
ped in liquid nitrogen and kept frozen at —80 °C. Samples of the same
subspecies, region, and sampling period were pooled to form one sam-
ple. In total, 12 pooled samples were obtained (2 subspeciesx 2 regions
x 3 time periods). Each pooled sample contained 80 bees representing 8
colonies. In the end, pooled samples were used to examine gene
expression. Ambient temperatures in the study sites were recorded.

2.4. RNA Extraction and cDNA Synthesis

TRIzol™ Plus RNA Purification Kit (Invitrogen, California, USA) was
used to extract RNA from each pooled sample (heads with thoraces)
following the manufacturer’s instructions. Additional purification step
of extracted RNA was conducted using Qiagen RNeasy column (Qiagen,
Germantown, TN, USA). SuperScriptTM III First-Strand Synthesis Super
Mix (Invitrogen, California, USA) was used to synthesize first-strand
c¢DNA according to the manufacturer’s instructions. The produced
c¢DNA was then used as a template in real-time PCR.

2.5. Primer Design and Real-Time PCR

Nucleotide sequences of the lethal(2)-essential-for life-like (1(2)efl)
genes (ID:724405; 724488; 234274); Apis mellifera histone-lysine N-
methyltransferase trithorax (trx)(ID: 408716) and Apis mellifera poly-
comb protein Su(z)12 (ID: 409170) were explored from the Honeybee
Genome Consortium (NCBI Database), then the software Geneious®
Prime-v.2019.2.3 (https://www.geneious.com, Biomatters Ltd., New-
ark, NJ, USA) was used for primer design (Table 2). Briefly, qPCRs were
prepared using SYBR GREEN (SYBR® GREEN PCR Master Mix; APIL:
Applied Biosystems, Carlsbad, CA, USA) and were run using the Applied
Biosystems 7500 Real-Time PCR (Applied Biosystems, Carlsbad, CA,
USA). The reaction mix had a final volume of 25 pl (13 pl of the 2X

Some environmental data from the two study-locations, Riyadh and Baha (Source: climate-data.org, accessed on 1 May 2023).

Sampling Position Altitude (m) Annual Min. Temp. (°C)

Annual Max. Temp. (°C)

Annual Preci-pitation (mm) Longitude (E) Longitude (N)

Riyadh 600 20 44
Baha 2270 14 26

101 46.71 24.71
630 41.63 20.30
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Table 2

Gene-ID (NCBI) for Apis mellifera lethal(2)-essential-for-life-like (I(2)efl) genes,
A. mellifera histone-lysine N-Methyl Transferase (&rx) and (A. mellifera) poly-
comb protein Su(z)12, mRNA with gene location, length and primer sequences

designed and used in this study.

Gene ID/Gene
Name

Location (LG2)/
length

Primers

lethal(2)-essential-

(LG2):4,831,304...

F-TGCGACATCGATCAAGCGTCC

for-life-like (1(2) 4,832,577 R-TTGCGCATCGCACGGTTTCC
efl) /1274nt

(A. mellifera)

1D:724405

lethal(2)-essential-
for-life-like (1(2)
efl)
(A. mellifera)
1D:724488

lethal(2)-essential-
for-life-like (1(2)
efl) (A. mellifera
1D:724274

(LG2):4,837,466...

4,838,343
/878nt

(LG2):4,823,146...

4,824,181
/1063nt

F-ACCTTGGGGTGAACTTCTGCG
R-TCCCCTCGACGACAACACAC

F-TCACCGAGCCGATTGGAGTTATGT
R-AACTGCCTCTGTCACCACGAAAC

A. mellifera (LG2):4633633... F-
histone-lysine 4650053, TGCAGCTAGATTCATTAATCATTCAT
N-Methyl complement R-
Transferase (trx) CATGGAATCTTGATATCCTCGAAAG
ID: 408716

A. mellifera (LG10)11912175... F-
polycomb 11918682 ATGCTCTGCCCAAGCAACTATTACG
protein Su(z)12, R-
mRNA ID: CGGAACCTCCATCTTGTTACATAAA
409170

master mix, 2 pl of each primer (2 pmol each), 2 pl sample cDNA, and 7
pl nuclease-free water). The Apis mellifera f-actin was selected as an
endogenous control for relative expression analyses. Real-time PCR re-
actions were conducted in triplicate using the following qPCR parame-
ters: 95 °C for 5 min., 40 cycles of 95 °C for 10 s, 30 s at 57 °C, 72 °C for
10 s, and 95 °C for 20 s.

2.6. Statistical analysis

Analyses of relative expression and calculations of fold changes were
done using qPCR Ct values for every gene as per the sampling plan.
Related actin cycle thresholds (Ct) were used for the calculation of the
relative expression levels (relative expression = 2 ° @ctin-genely 5ecord-
ingly. Average cycle thresholds (Ct) of A. m. carnica from the semiarid
region (Baha) were used (as a calibrator) to calculate fold changes in
gene expression of different genes (fold change = 2 ¢ (reference-(actin-gene)y
(Schmittgen and Livak, 2008). Significant differences among study
groups were measured based on expression means using the Statistical
Analysis System software suite (SAS Institute: https://www.sas.com).
Mixed random-effect models for subspecies, location, and sampling
times followed by Multiple comparisons based on the Bonferroni post
hoc test, p < 0.05. Figures were prepared using GraphPad Prism 9.

Table 3

Journal of King Saud University - Science 36 (2024) 103143

3. Results

The results revealed highly significant differences in expression
levels of the lethal(2)-essential-for-life-like (1(2)efl) genes (ID: 724405;
724488; 234274) and Apis mellifera polycomb protein Su(z)12 (ID:
409170) in A. m. yemenitica compared to A. m. carnica (Table 3). The
expression of the histone-lysine N-MT (trx) (ID: 408716) was also
increased in A. m. yemenitica (Table 3). The highest average fold change
was reported for 1(2)efl (ID:724488) in A. m. yemenitica located in
Riyadh with ~100x more expression folds compared to that of A. m.
carnica in Baha (calibrator) (Fig. 1). The results also showed that abso-
lute expression levels of 1(2)efl (ID: 724405; 724488; 234274) in A. m.
carnica were very modest (Fig. 1) under the study conditions.

When comparing data by locations (Riyadh and Baha), the results
likewise revealed significantly higher relative fold changes in expression
levels for all 1(2)efl genes (ID: 724488; 724405; 234274) under desert
conditions (Riyadh) than in semi-arid conditions (Baha) (Table 3). The
interaction between subspecies and location was significant for 1(2)efl
(ID: 724405; 234274) and Apis mellifera polycomb protein Su(z)12 (ID:
409170) (Table 3). Under Riyadh climatic conditions mean fold changes
were significantly higher in A. m. yemenitica than in A. m. carnica for all
genes under study (Fig. 1, Table 4). Under semiarid conditions of Baha,
mean fold changes of genes were significantly higher in A. m yemenitica
than in A. m. carnica except for Apis mellifera histone-lysine N-MT (trx)
(ID: 408716) (Table 5). Although differences in expression fold changes
between A. m. yemenitica and A. m. carnica within the same locality were
significant, differences in fold changes between both subspecies were
much higher under desert conditions (Riyadh) (Fig. 1).

Under the pertaining temperatures at the three sampling time pe-
riods (In Riyadh, temperatures were 31, 42 and 39 °C, In Baha, they
were 22, 30 and 25 °C; in the morning, mid-day and evening, respec-
tively), fold changes in expression levels were higher in A. m. yemenitica
than in A. m. carnica at all time periods (Fig. 1). Relative expression
levels (increase/decrease) were not consistent for either subspecies with
the sampling time (Fig. 1). For two genes (ID:724405 ID: 408716) the
highest expression levels occurred in the morning while for others at
mid-day (ID:724488 and ID:724274) or evening (ID: 409170). Never-
theless, the maximum fold change among all time periods occurred for 1
(2)efl (ID:724488).

4. Discussion

The higher expression levels of Apis mellifera lethal(2)-essential-for-
life-like (1(2)efl) genes (724405; 724488; 234274) in A. m yemenitica
than in A. m. carnica under extreme temperature conditions (Riyadh)
can be allied with the thermal adaptation of A. m. yemenitica. Above that,
the daily variation in relative expression levels of 1(2)efl (ID: 724405;
724488; 234274) between A. m yemenitica and the calibrator (A. m.
carnica in Baha) were very high (~100x), which demonstrate an effi-
cient response and revealed robust transcriptional activation of these
genes in A. m. yemenitica under natural thermal stress of Riyadh. Addi-
tionally, these fold changes and expression levels were as high as that of

Summary of SAS PROC GLM analyses for Apis mellifera the lethal(2)-essential-for-life-like (1(2)efl) genes (724405; 724488; 234274); Apis mellifera histone-lysine N-MT
(trx) (ID: 408716), transcript variant X4 and Apis mellifera polycomb protein Su(z)12 (mRNA) relative expression levels. Hypothesis testing was performed using three-
way ANOVA (subspecies: A. m. yemenitica or A. m. carnica; location: Riyadh or Baha; sampling time: the morning, mid-day, or evening. F-ratios were calculated from
type III mean squares for all statistics. p < 0.05 was deemed statistically significant and p < 0.001 as highly significant.

Variation Factor Subspecies Location Sampling Time Periods Subspecies by Location
Gene ID/Gene Name F P>F F P>F F P>F F P>F
1(2)efl (ID:724405) 38.86 0.00 83.88 0.000 33.48 0.000 31.18 0.000
1(2)efl (ID:724488) 6.00 0.02 31.16 0.000 5.67 0.010 4.00 0.058
1(2)efl (ID:724474) 7.41 0.01 36.58 0.000 4.71 0.020 4.90 0.038
trx (ID: 408716) 2.11 0.16 3.41 0.079 2.48 0.107 0.00 0.979
Su(z)12 (ID: 409170) 35.43 0.0 127.2 0.000 1.35 0.280 31.83 0.000
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Fig. 1. Fold changes of (mRNA) relative expression levels for Apis mellifera lethal(2)-essential-for-life-like (1(2)efl) genes (ID: 724405; 724488; 234274); Apis mellifera
histone-lysine N-MT (trx) transcript variant X4 (ID: 408716), and Apis mellifera polycomb protein Su(z)12 (ID: 409170) in A. m. yemenitica (local) and A. m. carnica
(carnica) at two thermogeographical regions (Riyadh: R and Baha: B) and the three foraging times (7:00 a.m.: after ~1 h of foraging; 12:00 p.m.; and 5:00 p.m. (~1 h
before sunset)). Act was calculated by using actin as endogenous control, and the fold change (fold change = 2¢t (reference-treatment)y yya5 calculated using the relative
expression in A. m. carnica in the Baha region as reference (Calibrator). Significant fold change difference was determined based on average gene expression of each
group using a three-way ANOVA analysis followed by Multiple comparisons based Bonferroni post hoc test, p < 0.05. (*) = significant variation and (ns) = non-
significant variation.

Table 4

Multiple comparison of relative expression means performed based on Bonferroni post hoc test, p < 0.05 for the lethal(2)-essential-for-life-like (1(2)efl) genes (724405;
724488; 234274); Apis mellifera histone-lysine N-MT (trx) transcript variant X4 (ID: 408716), and Apis mellifera polycomb protein Su(z)12 (mRNA) between A. m.
yemenitica and A. m. carnica at the three sampling time in Riyadh (Desert Climate). Primary hypothesis testing was performed using three-way ANOVA (subspecies:
A. m. yemenitica or A. m. carnica; location: Riyadh or Baha; sampling time: the morning, mid-day, or evening.

Variation Factor Fold change in expression levels Evening

Overall average The Morning Mid-day
Gene ID Local Carnica Local Carnica Local Carnica Local Carnica
1(2)efl (ID:724405) 33.6a 8.6b 73.4a 14.5b 22.1b 8.4b 5.2b 3.1b
1(2)efl (ID:724488) 52.9a 24.2b 12.0b 12.b 89.0a 39.8ab 57.7ab 20.8ab
1(2)efl (ID:724474) 26.7a 12.3b 10.3ab 5.4b 43.0a 15.5ab 26.8ab 16.1ab
trx (ID: 408716) 5.3a 3.8b 8.3a 6.1ab 1.9bc 3.9bc 5.9ab 1.5¢
Su(z)12 (ID: 409170) 34.9a 12.1b 27.9ab 13.3b 30.4ab 12.8b 46.4a 10.2b

Hsp70 mRNA and other constitutively expressed Hsps reported in a
previous study (done at the same locations) for both subspecies (Alqarni,
et al., 2019; Alghamdi and Alattal, 2023). Consequently, these higher
expression levels of 1(2)efl (ID: 724405; 724488; 234274) genes can be
considered key elements of survival for A. m. yemenitica under desert
conditions of Riyadh.

Under semi-arid conditions of Baha, differences in expression levels

between both subspecies were very modest indicating minimal stress-
inducing conditions being a more suitable habitat for A. m. carnica
than Riyadh. Nevertheless, significant variation in fold changes of
expression levels (mRNAs) between both subspecies under Baha condi-
tions might indicate a quicker and earlier response in A. m. yemenitica to
accommodate expected changes in daily ambient temperature. Gener-
ally, the real forager body temperature is higher than the ambient
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Table 5
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Multiple comparison of relative expression means performed based on Bonferroni post hoc test, p < 0.05 for the lethal(2)-essential-for-life-like (1(2)efl) genes (724405;
724488; 234274); Apis mellifera histone-lysine N-MT (trx) transcript variant X4 (ID: 408716), and Apis mellifera polycomb protein Su(z)12 (mRNA) between A. m.
yemenitica and A. m. carnica at the three sampling time in Baha (Semiarid Climate). Primary hypothesis testing was performed using three-way ANOVA (subspecies:
A. m. yemenitica or A. m. carnica; location: Riyadh or Baha; sampling time: the morning, mid-day or evening.

Variation Factor Fold change in expression levels

Overall average The Morning Mid-day Evening
Gene ID Local Carnica Local Carnica Local Carnica Local Carnica
1(2)efl (ID:724405) 2.4a 1.1b 3.8a 1.1c 2.2b 1.1c 1.4c 1.1c
1(2)efl (ID:724488) 4.1a 1.2b 2.5b 1.0b 3.5ab 1.5b 6.3a 1.0b
1(2)efl (ID:724474) 2.7a 1.2b 2.3ab 1.1b 2.4ab 1.0b 3.3a 1.5b
trx (ID: 408716) 3.4a 1.8a 2.8a 3.3a 6.8a l.1a 0.8a l.1a
Su(z)12 (ID: 409170) 1.6a 1.0b 1.2ab 1.0ab 2.8a 1.0ab 0.9b 1.0ab

temperature in many foraging insects, which is connected with foraging
distance as well (Kovac et al., 2014; Davis and Moyle, 2020). The sig-
nificant interaction between subspecies and location indicates that A. m.
carnica had a severe locality disadvantage at Riyadh, but only minimal
disadvantage at Baha, this may explain -in part- previously published
data on survival rates of both subspecies under Riyadh and Baha regions,
reporting that most of A. m. carnica colonies in Riyadh died within the
first summer season of establishment (Alattal and Alghamdi, 2015).
Consequently, keeping A. m. carnica under Baha conditions can be more
reasonable than in Riyadh.

The increase/decrease of expression levels was not consistent with
daytime. This was clearer in the Riyadh region which may indicate
continuous adjustment of I(2)efl transcription responding to daily dy-
namics in ambient temperatures. Indeed, there is no data on the
response threshold associated with [(2)efl gene expression under daily
temperature stresses among different honeybee subspecies. Neverthe-
less, we cannot predict if the thermo-tolerance of A. m. yemenitica will be
impacted by the global intensification of climate change including Saudi
Arabia (Chen et al., 2011). Likewise, relative expression levels of
A. mellifera polycomb protein Su(z)12 (ID: 409170) and Apis mellifera
histone-lysine N-MT (trx) (ID: 408716) were higher in Riyadh than in
Baha, which can reflect an epigenetic layer of regulation on active
transcription of [(2)efls associated with heat stress. We recommend
investigating expression thresholds of I(2)efl genes among different
A. mellifera subspecies and try to explore how thermotolerance impacts
honeybee productivity under different heat regimes. Many reports
documented higher productivity but lower survival rates of exotic
honeybee subspecies compared to A. m. yemenitica under hot and dry
conditions in Saudi Arabia (El-kazafy and Al-kahtani, 2019), which
entails the need for selection and breeding programs toward increasing
productivity without impacting the thermo-adaptability of A. m.
yemenitica.

5. Conclusion

In conclusion, expression of [(2)efls (mRNAs) (724405; 724488;
234274) genes can be considered a key component of A. m. yemenitica
survival adaptation under extreme summer temperatures characterizing
the Riyadh region. On the other hand, the semi-arid conditions of the
Baha region are a more suitable habitat for A. m. carnica compared to
Riyadh.
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