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ABSTRACT

The Arabian camel (Camelus dromedarius), which is domesticated in semi-desert environments in Egypt, is one of the
neglected animals in the scientific community. Although, it is the best model for studying acclimatization as it is well
adapted to withstand severe drought and high temperatures and survive for long periods. Many physiological and
behavioral aspects were found to play a role in such adaptations. At the molecular level, it is well known that heat shock
genes play an important role in thermotolerance of camels. Therefore, this study was designed to investigate relationship
among the most dominant breeds in Egypt (Fellahi, Maghrebi and Sudani) in order to determine the phylogenetic
relationship based on sequences of two heat stress genes (HSP family B (small) member 9: HSPB9 and HSP 70 kDa
1B: HSPA1B). Both genes were isolated and partially sequenced from Fellahi, Maghrebi and Sudani Egyptian breeds.
It has been deposited in the NCBI database with accession numbers MZ243318, MZ243319, MZ243320, MZ851990
and Mz851991. By studying the phylogenetic tree based on HSPB9 gene sequence, our results showed that Maghrebi
and Sudani breeds are closely related whereas, Fellahi breed was found to be more related to the reference breed on
database. Relying on HSPA1B gene sequence, it was found that Maghrebi breed is closely related to wild strain
(Camelus ferus). Additionally, Fellahi breed was separated into distinct group with reference breed, which indicates

strength of its relationship to reference origin.
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INTRODUCTION

Camels have been developed over thousands of years
because of their ability to produce high-quality meat, milk
and fibers in some of the world's most hostile and high
temperature environments. According to FAO (2019), there
are about 37.5 million heads distributed at different rates all
over the world, in Africa87.1% and in Asia 12.9%. In Egypt,
the average number of camels in 2019 was about 119,885,
distributed among five breeds: Maghrebi, Somali, Sudani,
Fellahi or Baladi and Mowaled. These breeds are used for
different purposes (Ramadan and Murayama 2017).

At the molecular level, three breeds (Fellahi, Maghrebi
and Sudani) were found to have a high degree of genetic
purity with a lower degree of mixing as it is considered a
pure breed (Al-Soudy et al. 2018). All Egyptian breeds are
single-humped Arabian camels.

At the physiological and behavioral level, the Arabian
camel (Camelus dromedarius) is one of the most important
livestock species that has the unique ability to adapt to the

harsh conditions of Africa. It has adaptation mechanisms
that enable it to survive when exposed to prolonged water
deprivation, heat stress, scarcity of food resources or poor
quality. (Gebreyohanes and Assen 2017). Moreover, it was
reported that Camelus dromedarius is an endothermic
animal with the ability to fluctuate its body temperature up
to 42°C in adaptation to severe heat stress (Thayyullathil et
al. 2008; Ouajd and Kamel 2009).

At the genomic level, it was reported that the cellular
heat shock response includes broad systemic gene
expression across the cellular and organ level and has been
categorized into acute (ability to survive heat endurance at
the cellular level), ventilation (ability to increase activity at
the organ level) and adaptive (short and long) - changes
Genetic range) responses (Collier et al. 2008).

Adaptation to high temperature conditions is vital for
future animals as heat stress reduces their productivity and
significantly affects their health and fertility (Hayes et al.
2013). At the molecular level, temperature greatly influences
on the biological and physiological functions of heterozygous
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organisms (Ackerman et al. 2000). Interestingly, the
response to heat shock in mammals plays a vital role in heat
endurance as it is a highly conserved process influencing
molecular and biochemical processes. Heat shock proteins
have been widely used as biomarkers of biotic and abiotic
stresses (Bierkens 2000). The most studied isoform among
HSPs is HSP70 because it is closely related to chemical and
environmental stresses (Hochachka et al. 2002).

All living organisms respond to harsh environmental
factors by increasing gene expression and protecting the cell
from the harmful effects of protein degradation within cells.
These genes are expressed for heat shock proteins (HSPS)
(Pruski and Dixon 2007; Monari et al. 2011). Some of these
genes as Heat Shock Protein Family B (small) member 9
gene, which coding for HSP, family B (small) Member 9
protein. ID - 105090452. Accession number transcript
XM_010981776.2, and its length 515 bp (Elbers et al. 2019)
and Heat Shock Protein 70 kDa family 1B gene, also known
as HSPA1B.ID 105087446. Accession N transcript
XM_010978109.2, its length 2204 bp (Elbers et al. 2019).
Thus, the aim of this study is 2 folds; 1. It supplies databases
with new sequences of Egyptian camel breeds by isolating
and characterizing some of these genes encoding HSPs in
three Egyptian camel breeds (Fellahi, Maghrebi and
Sudani); 2. To study the relationship between these breeds
based on the sequence of these genes.

MATERIALS AND METHODS

Samples Collection

The animal studies were carried out according to the
guidelines of the Animal production research Institute,
Agriculture research Center (ARC) Giza, Egypt, for
Animal Care and Use in the experiments. All procedures in
studies involving animals were performed in compliance
with The ARRIVE guidelines 2.0 (Animal Research:
Reporting In Vivo Experiments).

Blood samples were collected from the Jugular vein of
all studied camel breeds (Fellahi, Maghrebi and Sudani).
Fellahi and Sudani are located in the Middle of Delta
(Menoufia and Qalyubia governorates); the Maghrebi breed
was obtained from the Camel Research Center at Matrooh
governate. The blood samples were collected at temperatures
between 28°C and 34°C in a tube containing 0.5mL EDTA
(0.5M) as an anticoagulant, studied animals aged between 7
and 10 years old and 500-600kg of live body weight.

DNA Extraction

From the whole blood samples, total genomic DNA
was extracted by using Gene JET Genomic DNA
Purification Kit (Thermo Scientific, Cat. No. KO0721)
according to manufacturer’s procedure.

Primer Synthesis

Fifty nmol of all primers were synthesized in China by
Quintarabio lab (Customer Support Focused DNA
Sequencing), as shown in Table 1. The synthesized primer
was diluted by sterilized distilled water to 100 pmol and
kept under -20°C.

Amplification of HSPB9 and HSPA1B Genes

PCR amplified HSPB9 and HSPALB genes for all
samples. The PCR reaction mixture (50uL volume)
contained 25uL Thermo Scientific DreamTaq™ Green PCR
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Table 1: List of primers designed to identify the heat stress genes

Gene Primer Sequence

HSPB9 Forward GTCGGTAGCAGTCTCCCCAA
Reverse  AGTGGTTTACTGGGTCAGGCT

HSPA1B Forward TTCAAGAGGAAGCACAAGAAG
Reverse  GGCAGTATACATTCACCTCTAC

Master Mix (2X), 2uL Forward and Reverse primer
(10pmol/uL), 2uL. DNA template (50ng/uL), 19uL Water
nuclease-free. The PCR program for HSPB9 and HSPA1B
genes was at Initial denaturation at 95°C for 6 minutes, then
35 cycles of denaturation at 95°C for 30s, 1min for HSPB9
annealing at 57°C, 60°C for HSPA1B annealing, 1min
extension at 72°C, and 7min final extension at 72°C and
then kept at 4°C until farther use. Gradient Annealing
Temperatures (52 to 60°C) were programmed for all
primers to get optimum annealing temperature.

Gel Electrophoresis and Amplified Fragments
Visualization and Sequencing

After PCR reactions were performed, from each PCR
product, 10pL. were electrophoresed in 2% agarose gel
against 100bp DNA ladder as a marker using 1X TAE as a
running buffer; gels were stained with Ethidium bromide.
By using the standard Sanger method, PCR products were
sequenced on ABI 3730XL DNA Sequencer at Macrogen
sequencing services (Macrogen, Seol, South Korea).

Sequences Analysis and Accessions Number

The quality of the data generated from the sequencer
was checked by the BioEdit program version 7.2.6. the
sequenced genes were submitted to NCBI GenBank using
Bankit  tool (http://www.ncbi.nlm.nih.gov/Banklt/).
Additionally, the sequenced genes were searched against
the nucleotide collection database (nr/nt) using NCBI
BLASTN online tool, considering the default parameters in
order to identify their homologous counterparts.

Phylogenetic Tree Construction

The evolutionary relationship was constructed using
the Neighbour-Joining method integrated with MEGA
software (Kumar et al. 2016). To represent the
evolutionary history of the analyzed taxa, an introductory
consensus tree is taken from 1000 replicates (Felsenstein
1985). Branches corresponding to partitions reproduced
in less than 50% bootstrap replicates are collapsed. The
percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates)
are shown next to the branches. The evolutionary
distances were analyzed using the p-distance method (Nei
and Kumar 2000) and are in the number of base
differences per site. All positions containing gaps and
missing data were eliminated. In the final dataset were
724 positions.

RESULTS

Amplification of HSPB9 and HSPA1B genes and
Visualization

PCR products of three Egyptian breeds yielded two
distinct bands for each. As shown in Fig. 1, three clear
bands were obtained at 446 bp with annealing temperature
57°C in lanes 2, 3, 4 as a result of PCR using HSPB9
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Fig. 1: PCR amplified fragments
using HSPB9 and HSPA1B primers,
M = 100bp DNA ladder.
Lane2,3,4.446 bp amplified
fragment primer (HSPB9) for
Fellahi, Sudani and Maghrebi
breeds respectively. Lane5,6 and 7.
750 bp amplified fragment primer
(HSPA1B) for Sudani, Maghrebi
and Fellahi breeds, respectively.

“ HSPB9 HSPBY HSPB9  HSPA18 HSPA18
Falahy Sudani Maghrby Sudani viaghroy. Falahy

97 XM 007 472253 Lipotes vexillifer
93 —|:XM 007 131086 Physeter catodon
90 L X\ 036837968 Balaenoptera musculus
100 XM 027975446 Ovis aries ) ) )
4100:;@; 005709618 Capra hircus Fig. 2: Pr_lylog_enetlc tree showing
21 X 003131404 Sus sarofa the genetic distances among the

three  Egyptian camel breeds

MZ 243319 Camelus dromedarius Breed Maghr (Fellahi Maghrebi and Sudani) and
sal €7 243320 Camelus dromedarius Breed Sudan other o}ganisms based on HSPB9

MZ 243318 Camelus dromedarius Breed Falahi gene sequence.
21l XN 010981776 Camelus dromedarius

XN 006183326 Camelus ferus
71l XM 010969002 Camelus bactianus

72 NZ 851990 Camelus dromedarius Breed Falahi

— 1 XM 031434789 Gamelus dromedarius

a9 { MZ 851991 Camelus dromedarius Breed Maghrabi
67 XN 032462686 Camelus ferus

70 XN 00621977 4 Vicugna pacos

XN 036870047 Balaenopiera musculus

XN 033864031 Tursiops fruncafus

XN 022566113 Delphinapferus leucas

86

Fig. 3: Phylogenetic tree shows the
genetic distances among the three

° 75 XM 022566112 Delphinapterus leucas Egyptian camel breeds (Maghrebi
XM 040235888 Oryx dammah and Fellahi) and other organisms
R —
o { KF 887905 Bubalus bubalis based on HSPA1B gene sequence.
75 NM 001267874 Ovis aries
XN 025865969 Callorhinus ursinus

ssl_ XM 035728573 Zalophus californianus
— XN 036108237 Halichoerus grypus
94l XN 032399765 Phoca vitulina

I EM_[OM M oM sM oM v DKoM s | 55§52,839
’I.ll..l....l'.l.' L ) '.. . II-.‘I.I. " 1 -.Il ':l'...lll '.-.......'..|..I..I'|.l|.. ..ll-..vl.l -. Ill.‘...-l.“.
a3y Al o '.|'.' DR LA N L S ..'." e ".'."I.'.:'.' : '.‘.;'.'.I'. '.': LIRS T
28 v/ Find: v |apQ - Qms2T A Tools v | £¥ Tracks + ¥, Download » & 7
l459,350 39,459,300 (39459250 39459200 (394590150 (39459100  [39.459.050 [39.459K  [39.458.950 (39458900  [39.458
Genes, NCBI Camelus dromedarius Annotation Releas..[ld| [l LOHx
HSPBS
; >
(U) BLAST Results for: ref|NC_044526.1| Uy ol (i 3

MZ2243318.1

)
NZ243320.1

| )
M22433191

| >

459,350 |39,459,300 (39,459,250 (39459200 (39459150  [39459.00 (39459050  [39.459K  [39458,950 39458900 (39,458

Fig. 4: Graphical alignment shows the locus of HSPB9 fragment submitted sequences for all breeds.
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Fig. 5: The graphical alignment shows the locus of HSPA1B fragment submitted sequences for Maghrebi and Fellahi breeds.

Table 2: Accession number for all the sequences which summited on database

Gene Source product Length  Breed Reference breed Accession No
HSPB9 Egyptian Camelus heat shock protein family B 446 Fellahi MZ243318
dromedaries (small) member 9 446 Maghrebi MZ243319
Breeds 446 Sudani MZ243320
HSPA1B heat shock 70 kDa protein 734 Fellahi North African dromedary  MZz851990
1B 758 Maghrebi MZ851991

primers (GTCGGTAGCAGTCTCCCCAA and AGTGGT
TTACTGGGTCAGGCT). Additionally, other three clear
bands were obtained at 750 bp with annealing temperature
60°C in lanes 5, 6, 7 as a result of PCR using HSPA1B
primers (TTCAAGAGGAAGCACAAGAAG and GGCA
GTATACATTCACCTCTAC). of note, the mentioned
annealing temperatures for PCR outperformed all tested
annealing temperatures, these results verified the existence
of HSPB9 and HSPA1B genes in the three Egyptian breeds
under investigation.

Sequencing and Submission of PCR Fragments

Bidirectional sequencing for PCR products generated
was processed for screening the quality using Finsh TV
software  (Geospiza, Seattle, WA, USA). The
chromatogram of each base showed high quality of
HSPB9 and HSPA1B sequence peaks. The HSPB9 and
HSPA1B fragment sequences have been used as a
replicate to the evaluation of sequence accuracy. In
addition, the correct nucleotide sequence of two
fragments amplified by HSPB9 and HSPA1B primers for
all breeds was obtained from the alignment between
forward and reverse sequence using CLC Sequence
viewer program (Qiagen, Germany). Then the sequenced
fragments corresponding to HSPB9 and HSPA1B genes
in 3 different Egyptian breeds were submitted in the NCBI
database under five different Accession numbers as
shown in Table 2.

Molecular Evolutionary Genetic Analysis

To gain new insights and validate the findings obtained
from BLASTN search, homologous sequences of HSPB9
and HSPA1B gene were selected for multiple sequence
alignment (MSA) using ClustalwW implemented in the
MEGA 7.0 software package using Neighbor-Joining (NJ)
method. The Neighbor-Joining genetic distance (NJ) was
calculated using the p-distance method to validate the
genetic links among three Egyptian camel breeds based on
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sequencing of HSPB9 and HSPA1B gene and a
phylogenetic tree for HSPB9 (Fig. 2) and HSPA1B (Fig. 3)
was created, A phylogenetic tree that explains the closest
pairwise genetic distance between the Fellahi and North
African dromedary (Camelus dromedarius) breeds, which
belong to the same clade (Fig. 2). Similarly, the lowest
pairwise genetic distance was documented between
Maghrebi and Sudani breeds, located in the same group.
The most genetic distance was found between Fellahi and
Maghrebi breeds. It suggests that the Maghrebi and Sudani
breeds are more closely linked and share common origins,
whereas the Fellahi breed is closer to the African breed (the
model animal). Fellahi breed is close relative to Sudani
breed. Phylogenetic tree for the other gene (HSPA1B)
revealed that the Fellahi breed is more closely connected to
Camelus dromedarius (African breed) as an animal model
than the Maghrebi breed, which separated from Camelus
Ferus in one clade, indicating that they share a common
ancestor (Fig. 3).

DISCUSSION

Genetic characterization and assessment of genetic
diversity are essential steps in the conservation and
management of genetic resources. To determine genetic
characterization and diversity within and between
populations, many procedures, such as biochemical and
molecular techniques, can be applied (Abri and Faye 2019;
Piro 2021). The high quality of dromedary camel genome
sequences, as well as comparative genome analysis,
provides a better understanding of camel adaptations to the
harsh desert environment (Warda et al. 2014). Many genes
involved in immunological and stress responses evolved
faster in camels than cattle. Identifying important genes
involved in desert adaptation could have implications for
breeding programs and bring new insights and possibilities
for disease resistance studies in many animal species. As a
result, our research, our research aims to provide databases



with a wealth of information about Egyptian camel breeds,
so we isolated some heat stress genes and sequenced them
to obtain the most important findings, which confirmed the
existence of the HSPB9 and HSPA1B genes in the three
Egyptian breeds under investigation. In a BLASTN
investigation of three Egyptian camel breeds (Fellahi,
Maghrebi, and Sudani) against a nucleotide database,
functional annotation of HSPB9 revealed height homology
to the North African dromedary camel with the length of
the gene was 515 bp (NC_044526), (Elbers et al. 2019),
515bp of Camelus ferus (Wild Bactrian camel)
(NC_045711), and 515 bp of Camelus bactrianus (Bactrian
camel) (NW_011517136) (Schoch et al. 2020). With 100%
identity for the Fellahi breed and 99.78% for the other
breeds. For three breeds, the query coverage was 86%. The
length of the gene in Vicugna pacos (XM-006199491.3)
was 511bp (Richardson et al. 2019), with percentages of
Identity 98.43% and query coverage 87% for all breeds.
These records were obtained from a genomic sequence and
were predicted by automated computer analysis. As shown
in Fig. 4, graphical alignment indicates the locus of HSPB9
fragment supplied sequences for all breeds.

On the other side, searching the submitted HSPAL1B
gene  sequence  fragments  (Accession  numbers:
MZz851990.1, MZ851991.1) against nucleotide database
using BLASTN online tool returned 99.78%, 99.50%
similarity with the reference sequence (Elbers et al. 2019),
respectively. Fragment with accession MZ851990.1,
MZz851991.1 represent percent identity 99% and query
coverage 32 and 35% for both breeds. The two fragments
represent identity 30 and 31% query coverage of camelus
ferus (Schoch et al. 2020). The graphical diagram alignment
between these fragments revealed that the submitted
fragments consisted of partial CDS as shown in Fig. 5.

Molecular Evolutionary Genetic Analysis

Molecular research on camel HSPs would contribute
to our understanding of HSPs and consolidate the unique
physiological features observed in Arabian camels (Hoter
et al. 2019). Moreover, phylogenetic analysis can reveal a
great deal about a population's past demographics as well
as the level of genetic variation within and between species.
Phylogenetic relationships are generally calculated using
computer programs with numerous mathematical models
that have been created in recent years (Toparslan et al.
2020).

Many studies on estimating the evolutionary
relationship and genetic diversity, as well as the
phylogenetic analysis between breeds, use molecular
markers such as microsatellites (Manee et al. 2020), or
microsatellite and start codon targeted (SCoT) markers
(Al-soudy et al. 2018), or Mitochondrial ATP6 and ATP8
genes sequence (Yi Li et al. 2017), or mitochondrial
sequence variations (Ming et al. 2017; Ming et al. 2021).

We built a phylogenetic tree based on the HSPB9
HSPA1B genes to better understand genetic diversity
across and within Egyptian camel breeds. Fig. 4, shows a
phylogenetic tree that explains the closest pairwise genetic
distance between the Fellahi and Northern African camel
as reference breeds, which belong to the same clade.
Similarly, the lowest pairwise genetic distance was
documented between the Maghrebi and Sudani breeds,
which are located in the same group. The most genetic
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distance was found between the Fellahi and Maghrebi
breeds. It suggests that the Maghrebi and Sudani breeds are
more closely linked and share common origins, whereas the
Fellahi breed is closer to the African breed (the model
animal). Fellahi breed is close relative to Sudani breed.
These findings are nearly similar to those of (Al-Soudy et
al. 2018), who found that evolutionary relationships based
on SCoT and microsatellite markers showed that Maghrebi
was separated into a single cluster and the second cluster
included two sub-clusters. Sudani formed one sub-cluster,
and Fellahi was in the second sub-cluster. Furthermore, the
highest genetic distance was between Fellahi and Maghrebi
breeds. This result showed semi disagreement with what
they reported that the evolutionary relationship between
five Egyptian camel breeds showed two groups based on
RAPD and microsatellite markers which declared that the
first group includes Fellahi and Maghrebi, and the other
group contains Sudani.

Depending on the sequence of the HSPA1B gene in the
study of the genetic distance between the Egyptian breeds,
it was revealed that the Fellahi breed is more closely
connected to Camelus dromedarius (African breed) as an
animal model than the Maghrebi breed, which separated
with Camelus ferus in one clade, indicating that they share
a common ancestor. These findings are in agreement with
El-Seoudy et al. (2008), who stated in his study on
molecular genetic identification of some Egyptian camel
breeds based on ISSR that the Maghrebi was independent
of the Fellahi breed in single clad, there is a disagreement
with (Mahrous et al. 2011) as they reported that the
evolutionary relationships between five Egyptian camel
breeds showed two groups based on RAPD and
microsatellite and markers. The first group includes Baladi
and Maghrebi, while the second includes Sudani.
Moreover, that the fragment of Sudani breed would not be
identified with this gene due to issues with final product of
the sequencer.

Conclusion

In conclusion, our data might improve the information
on the genetic background of thermotolerance of the
Egyptian camel breeds. Additionally, our results revealed
the genetic diversity of HSPB9 and HSPA1B genes among
different camel breeds. And this genetic diversity may be
associated with some differences in their thermotolerance
ability.
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