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ABSTRACT. The honey bee Apis mellifera is of major importance
for the world’s agriculture and is also suitable for environmental
monitoring. It includes several recognized subspecies distinguished
by using morphological and morphometric variants. Here, 200 adult
worker Apis mellifera honey bees were collected from Hail region,
Saudi Arabia. Mitochondrial 16S rDNA was conducted to detect
molecular polymorphism among honey bee A. mellifera subspecies.
The amplified and sequenced gene regions of mtDNA revealed the
presence of two different subspecies of Apis mellifera carnica (gb|
MH939276.1) and Apis mellifera jementica (gb| MH939277.1). The
sequences were compared with each other and with others retrieved
from the GenBank demonstrating a high degree of similarity (up to
72%). The NJ tree indicated that all Apis species are clustered
together in one clade in addition to the genetically origin of Apis
species within family Apidae as a paraphyletic group within the
African lineage.
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INTRODUCTION

Bees are the world’s most important pollinators in natural and agricultural ecosystems. They are very
diverse with over 20,000 species (Engel, 2005, 2011a). Honey bees belong to the family Apidae with other
social bees. The subfamily Apidae is comprised of a single genus, Apis. The genus Apis comprises Apis florae
(the little bee), Apis dorsata (the giant bee), Apis cerana (the eastern bee) and Apis mellifera (the western bee).
The honey bee, Apis mellifera Linnaeus, 1758, is naturally found throughout Europe, Africa and Western Asia
(Miguel et al., 2011). Traditionally, the intraspecific taxonomy of the honey bee Apis mellifera L. has been
based on morphology. Twenty-nine subspecies of A. mellifera are currently recognized on the basis of
morphometric characteristics (Sheppard and Meixner, 2003; Miguel et al., 2011). These subspecies are also
described as ‘geographic races’ because their distributions correspond to distinct geographic areas (Ruttner,
1992). Five evolutionary lineages have been characterized based on morphometric, molecular, ecological,
ethological, and physiological traits (De la Rua et al., 2005). The four primary lineages are found in the
Mediterranean Basin, including the African lineage (A), west and north European lineage (M), south-east
European lineage (C), and Near and Middle Eastern lineage (O) (Franck et al., 2000a, 2001; Miguel et al., 2007;
Céanovas et al., 2008). The fifth proposed lineage is north-east African (Y) (Franck et al., 2001). Although
morphological characteristics are still considered very important in the classification of honey bees, this
approach is not well suited to characterize honey bee subspecies and analyze phylogenetic relationships because
they can be sensitive to environmental selection pressures (Franck et al., 2000b).

A number of molecular markers such as nuclear DNA (Hall, 1990; Tarés et al., 1993), mitochondrial
DNA (mtDNA) (Moritz et al., 1986; Smith et al., 1989; Smith, 1991; Hunt and Page, 1992; Garnery et al., 1993;
Oldroyd et al., 1995; Arias and Sheppard, 1996; Pedersen, 1996; De la Rla et al., 2000), and microsatellites
(Estoup et al., 1993; Garnery et al., 1998), are also used to study genetic variability in honey bees (Boore, 1999).
The sequencing and characterization of the mtDNA genome have been very useful for analyzing the phylogeny
and population genetic structure of the Apis species and of A. mellifera subspecies because it contains regions
with variable evolutionary rates. In general, mtDNA contains genes for two ribosomal subunits (12S and 16S),
22 tRNA, and 13 proteins (three subunits of cytochrome c oxidase, cytochrome B, subunits 6 and 8 of ATP FO
synthase, and seven subunits of NADH dehydrogenase) (Shao et al., 2003; Silvestre and Arias, 2006). Genetic
markers such as the mtDNA COXI-COXII intergenic region are unique to the genus Apis (Cornuet and Garnery
1991). Variations in the sequences of this region or the length of fragments produced using endonucleases are
used extensively to differentiate the five honeybee lineages and to discriminate among A. mellifera subspecies
(Garnery et al., 1992; Franck et al., 2000a; Sheppard and Smith, 2000). To date, no study has characterized
Saudi honey bees. Therefore, the goal of this study was to determine the genetic diversity and phylogenetic
relationships of Apis mellifera subspecies of Saudi Arabia via mitochondrial 16S rDNA genes.

MATERIALS AND METHODS
Honey bee sample collection

A total of 100 samples were collected from adult worker bees of each breeder (200 samples) from
honey bees in the Hail region of Saudi Arabia. Bee samples were collected during the month of September 2017
after approval from the beekeepers. Bees were collected inside the wooden cages containing food with passage
of air and sunlight. The samples were transferred alive to an Entomology lab, frozen for 5 min to immobilize
them, and then stored in 95% ethanol until processed. The two strains were identified according to the external
characteristics with measurements of different body parts. Some samples were sent to a specialist for definition
of the bee breeds with Dr. Yahya Al-Attal, Faculty of Agriculture, King Saud University, Saudi Arabia.
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Molecular analysis

DNA extraction, PCR amplification, and sequencing: Mitochondrial genomic DNA was extracted from the
thoracic legs of the ethanol-preserved samples. The tissue was homogenized using a glass pestle and a mortar.
The genomic DNA in the homogenate was extracted using DNeasy Blood and Tissue Kit (Qiagen, Germany)
following the manufacturer's instructions. The purity and concentration of extracted DNA was determined with
a NanoDrop 2000 UV-VIS Spectrophotometer (Thermo Fisher Scientific Inc, USA) at 260/280 nm. The
extracted DNA was stored at -20°C until use. Mitochondrial 16S rDNA gene fragments were amplified using
GeneJETTM PCR Purification kit [Thermo (Fermentas)] following the manufacturer's protocol in a total
volume of 50 pl including 5 pl 10 x buffer, 5 pl of each ANTP (10 mM), 10 ul of each primer (1 pmol/ pl), 0.3
ul of Taq polymerase (5 U/ml), 2.5 ul MgCl, (50 mM), and 2 pl of total genomic DNA. PCR amplification and
subsequent DNA sequencing was carried out using the following mitochondrial 16S rDNA primers: 16SF (5°-
CAC CTG TTT ATC AAA AAC AT-3") and 16SR (5’-CGT CGA TTT GAA CTC AAA TC-3), designed by
Crozir and Crozier (1993).

The PCR cyclic conditions were processed under the following conditions: 95°C for 15 min (initial
denaturation), 35 cycles of 15 s at 95°C (denaturation), 30 s at 62°C (annealing), and 1 min at 72°C (extension),
and finally post-PCR extension for 5 min at 72°C. Each amplicons was examined by (1%) agarose gel
electrophoresis in 1x Tris—acetate—-EDTA (TAE) buffered gel stained with 1% Ethidium bromide. This was then
visualized with a UV transilluminator, and bands with the predicted size were purified using QIAquick PCR
Purification Kit (Qiagen) following the manufacturer’s instructions. Amplicons were sequenced (in both
directions) using an ABI Prism Dye Terminator Cycle Sequencing Core Kit (Applied Biosystems; Thermo
Fisher Scientific, Waltham, MA, USA) with an Applid Analyzer Biosystems (Thermo Fisher Scientific, USA)
using the same primers for annealing.

Sequence alignment and phylogenetic analysis

BLAST search was done to identify related sequences on NCBI database. Sequences were aligned
directly using CLUSTAL-X multiple sequence alignment (Thompson et al., 1997) and others available from
GenBankTM selected to represent all available tapeworm lineages with an emphasis on taxa presumed to be
related to the analyzed groups. The alignment was manually corrected using the alignment editor of software
BIOEDIT 4.8.9 (Hall, 1999). Phylogenetic calculations were performed with the UPGMA method. The data
were analyzed with the Maximum Composite Likelihood (MCL) approach based on the Kimura 2-parameter
model. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test
(1000 replicates) are shown next to the branches. Phylogenetic and evolutionary analyses were conducted using
MEGA version 6 (Tamura et al., 2013). The tree was drawn to scale with branch lengths in the same units as
those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were
computed using the p-distance method (Nei and Kumar, 2000).

RESULTS

Molecular analyses based on the partial 16S rDNA gene sequence were performed to investigate the
taxonomy and classification of the two recovered Apis mellifera subspecies. The amplified and sequenced gene
regions and GC content in the samples from Apis mellifera carnica and Apis mellifera jementica were 1157
bp/29% and 682 bp/25.7%, respectively. The sequences were deposited in GenBank under the accession
numbers, MH939276.1 and MH939277.1, respectively. The sequences were compared with each other and with
other sequences available on GenBank from varied geographical regions (Table 1). The calculation of the
percentage of identity between these novel sequences and a range of sequences for other arthropods of different
host species demonstrated a high degree of similarity (up to 72%) with intra-specific differences that varied
from 0.1% to 23.8% (Figure 1).
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Table 1. Arthropoda species used in the phylogenetic analysis of the present sub-species Apis mellifera

Sequence Percent
Parasite species Class/Order/Family Source Accession no.
length (bp) identity (%)

Apis mellifera scutellata Insecta/Hymenoptera/Apidae GenBank MG552702.1 16364 91
Apis mellifera capensis Insecta/Hymenoptera/Apidae GenBank MG552697.1 16456 91
Apis mellifera sahariensis Insecta/Hymenoptera/Apidae GenBank MF351881.1 16569 91
Apis mellifera lamarckii Insecta/Hymenoptera/Apidae GenBank KY464958.1 16589 91
Apis mellifera syriaca Insecta/Hymenoptera/Apidae GenBank KP162643.1 15428 91
Apis mellifera intermissa Insecta/Hymenoptera/Apidae GenBank KM458618.1 16343 91
Apis mellifera monticola Insecta/Hymenoptera/Apidae GenBank MF67858.1 16343 91
Apis mellifera syriaca Insecta/Hymenoptera/Apidae GenBank KY926882.1 16343 91
Apis mellifera carnica Insecta/Hymenoptera/Apidae GenBank JQ778284.1 1009 91
Apis mellifera ligustica Insecta/Hymenoptera/Apidae GenBank KX908209.1 16343 91
Apis meellifera meda Insecta/Hymenoptera/Apidae GenBank KY464957.1 16248 91
Apis mellifera Insecta/Hymenoptera/Apidae GenBank KX113622.1 515 91
Apis florea Insecta/Hymenoptera/Apidae GenBank KU571744.1 520 90
Apis dorsata breviligula Insecta/Hymenoptera/Apidae GenBank FJ932648.1 468 90
Apis laboriosa Insecta/Hymenoptera/Apidae GenBank JQ317319.1 469 90
Apis mellifera mellifera Insecta/Hymenoptera/Apidae GenBank KJ396191.1 16051 91
Trigona pallens Insecta/Hymenoptera/Apidae GenBank L22902.1 458 76
Trigona hypogea Insecta/Hymenoptera/Apidae GenBank L22901.1 459 79
Scaptotrigona luteipennis Insecta/Hymenoptera/Apidae GenBank L22900.1 461 78
Acyrthosiphon pisum Insecta/Homoptera/Aphididae GenBank AK341909.1 661 74
Melipona compressipes Insecta/Hymenoptera/Apidae GenBank L22899.1 459 76
Pediculus humanus corporis Insecta/Phthirapter/Pediculidae GenBank KM579465.1 668 82
Daphnia pulex Crustacea/Branchiopoda/Daphniidae GenBank DQ470571.1 442 72
Nasonia vitripennis Insecta/Hymenoptera/Pteromalidae GenBank EU746617.1 2747 78
Drosophila melanogaster Insecta/Diptera/Drosophilidae GenBank BT003592.1 3412 72
Drosophila melanogaster Insecta/Diptera/Drosophilidae GenBank KP730804.1 342 73
Bombyx mori Insecta/Lepidoptera/Bombycidae GenBank KP729110.1 15658 77
Xylocopa virginica Insecta/Hymenoptera/Apidae GenBank L22905.1 463 82
Anopheles gambiae Insecta/Diptera/Culicidae GenBank MG753749.1 14844 74
Tribolium castaneum Insecta/Coleoptera/Tenebrionidae GenBank KJ003060.1 526 72
Rhodinus prolixus Insecta/Hemiptera/Reduviidae GenBank EU822953.1 316 72
Ixodes scapularis sterol Chelicerata/Arachnida/Ixodidae GenBank XM002408215.1 3339 72
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)78 1 0 S0 7 T L1 G 8 0 5 0 5 15 A 8 W 70 0 8 B A R
MH939276.1 Apis mellifera camica
MH939277.1 Apis mellifera jementica 19
MGSS2T02.1 dpis mellferascutellats 12,7 146
MGSS2697.1 Apis mellifora capensis 127 146 00
ME3SIS8LI Apis melliforasahariensis 2.1 00 146 146

KY464958.1 dpismelifera lomarckii 128 146 00 00 147

KP162643.1 Apis melifera syriaca 2§ 16 00 00 M7 00
RMASB618 | dpismellfraintomissa 127 146 00 00 46 00 00
MEGTS58.1 dpismeliforamonticola 128 146 00 00 147 00 00 00

KY926882.1 Apis melfifera syriaca N8 146 00 00 M7 00 00 00 00

JQT78284.1 Apis mellfera camica W00 M6 M6 00 M6 M6 M6 M6 146
KXO08209.1 dpismellferaligustia 127 146 0.0 00 46 00 00 00 00 00 146
KY464957.1 Apis mellifera meda 7 146 00 00 16 00 00 00 00 00 M6 00

KXU13622.1 4pis mellfra 2000 M6 M6 00 M6 M6 M6 146 M6 00 M6 M6

KUSTLT41 dpis loren 19 01 140 40 01 M0 M40 M0 M0 140 01 10 M0 01

F1932648.1 Apis dorsata brvligula PSSO O 9 4 0 U U G G 3 A U S

TQ317319.1 Aps aboriosa 1900 M0 M0 01 M0 M0 M0 M0 M0 01 90 MO 01 01 O

KIO6I9L1 dpismellframellfors 128 146 00 00 47 00 00 00 00 00 45 00 00 M§ M0 41 40

1229021 Trigona pallans 2017 52 18216 152 152 52 152 52 16 152 152 16 15 13 12 152

L2901.1 Tigona ypogea 26 18 164 B4 17 154 164 64 B4 64 L7 B4 B4 17 1315 L4 164 0L

L20900.1 Seaptorigona lepennis 2 16 162 162 15 163 163 162 13 B3 15 163 162 15 L1 L2 14 %63 02 O

ARB41909.1 dyrthosiphon pisum 2926 M1 MI 25 M1 M1 M1 M1 4125 M1 M1 25 25 30 24 M1 21 22 30

L22899.1 Melipona compressipes 28020 53 B3 19 B4 164 63 164 64 19 B4 63 19 17 17 45 64 02 01 01 33

KOST9465.1 Pediculis hmams corporis 105 126 103 103 134 103 03 02 03 03 54 03 03 B4 2122 143 03 022 B 02 U5 B

DQ4TOSTL! Dephia pulex 52043 164 B4 42 14 164 164 B4 164 42 54 B4 42 41 37 38 B4 34 37 38 19 44 18

EUTAG617.1 Nasonia viripawis B3 51 M6 M6 163 M5 M5 M5 MBS WS B3 WS M5 163 156 169 M6 M5 157 BI 156 18 B1 41 169

BTO3S92 Drosophila melanogaster 5,4 29 135 135 29 135 BS BS BS B 20 BS BS 29 27 23 24 B85 19 24 24 W 27 B2 2 B0

KPT30804) Drosophila melanogaster 54 34 30 50 31 B B4 50 GBI B1 30 B0 BO 30 32 27 28 B 20 28 28 2 32 B 22 $5§ 00
KP79110. Bomyx mori B B1 23 23 M0 24 24 24 24 24 M0 25 24 M0 15 126 117 24 18 BS B 03 M4 117 BE M43 129 B4
L0905.1 Xlocopa viginica 30014 06 16 14 106 06 16 16 16 14 106 M6 14 10 10 1S M6 13 10 09 20 L1 M9 40 82 30 36 S
MGT53749.1 Anopeles gambiae B4 B 50 S0 M5 S0 50 50 50 50 M5 S0 S0 MS M0 M0 M0 S0 5 162 161 R2 75 19 B4 1§ 155 60 20 1

KI003060.1 Tribliim castanein 47 32 W2 M2 31 M2 W2 M2 M2 M2 O30 M2 M2 31 31 27 26 M2 22 25 W0 17 26 B7 18 157 13 16 03 31 M
EU822953.1 Rhodins rolis 128 M2 M2 27 M2 M2 M2 M2 M2 27 M2 M2 27 32 32 32 M2 3§ 39 42 24 43 B2 34 58 19 21 07 36 82 24
XMO02408215.1 Evodes scapularis sterol 15,7 05 105 05 105 92 04 105 92 59 60 71 05 87 N2 B7 B A1 L1 B8 M8 63 10 173 86 166 B 182

=3
=
=
=
=
=
—
=

Figure 1. Estimates of evolutionary divergence between sequences. The number of base substitutions per site from
between sequences is shown. Analyses were conducted using the Maximum Composite Likelihood model. The analysis
involved 34 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 168
positions in the final dataset. Evolutionary analyses were conducted in MEGA6

The comparison of nucleotide sequences and divergence showed that 16S rDNA in the present species
has the highest BLAST scores with lower divergence values than other apids previously sequenced; however,
our sample was not identical to any prior specimen (Figure 2). A tree topology was automatically computed to
estimate ML values (Figure 3). Two clades were clustered during the construction of the phylogenetic tree using
the maximum likelihood and maximum parsimony of the present apids species. The major clade clustering all
Pancrustacean species contained two classes: the first one was Crustacea represented here by Daphnia pulex (gb|
DQ470571.1) within family Daphniidae; the second was Insecta with families Apidae (A. mellifera scutellata
gb| MG552702.1, A. mellifera capensis gb| MG552697.1, A. mellifera sahariensis gb| MF351881.1, A. mellifera
Lamarckii gb] KY464958.1, A. mellifera syriaca gb| KP162643.1, A. mellifera intermissa gb| KM458618.1, A.
mellifera monticola gb| MF67858.1, A. mellifera syriaca gb| KY926882.1, A. mellifera carnica gb| JQ778284.1,
A. mellifera ligustica gb| KX908209.1, A. meellifera meda gb| KY464957.1, A. mellifera gb| KX113622.1, A.
florea gb| KU571744.1, A. dorsata breviligula gb| FJ932648.1, A. laboriosa gb| JQ317319.1, A. mellifera
mellifera gb| KJ396191.1, Trigona pallens gb| L22902.1, T. hypogea gb| L22901.1, Scaptotrigona luteipennis
gb| L22900.1, Melipona compressipes gb| L22899.1, Xylocopa virginica gb| L22905.1), Aphididae
(Acyrthosiphon pisum gb| AK341909.1), Pediculidae (Pediculus humanus corporis gb| KM579465.1),
Pteromalidae (Nasonia vitripennis gb| EU746617.1), Drosophilidae (Drosophila melanogaster gb| BT003592.1,
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gb| KP730804.1), Bombycidae (Bombyx mori gb] KP729110.1), Cuclicidae (Anopheles gambiae gb|
MG753749.1), Tenebrionidae (Tribolium castaneum gb| KJ003060.1), and Reduviidae (Rhodinus prolixus gb|
EUB22953.1). The minor clade with the lowest blast scores and a high divergence value contained class
Chelicerata represented by Ixodes scapularis sterol (gh| XM002408215.1). These results indicate that the
recovered apid species are deeply embedded within the genus Apis.

10 20 30 40 50
D B L AN ISP I [ ISP ISP R I |

MH939276.1 A. m. carnica GGTTTTAATT AGGCGACTGC TCATGA-ATT ATTTTAATAG CTGCAGTATG
MH939277.1 A. m. jementica @ @ - ———-—-——— ———- T s ORGT Testes St o PUEESe b oy dimar dicoon 8
MG552702.1 A. m. scutellata ATA..AT.RA TTTTA..CA. GA.ATTATCC ..A TATA.C.TCA CTAAT.A.A. T..A.G..AC T.G--.GATC C.ATAT..GA .G.ACA.AAT
MG552697.1 A. m. capensis ATA..AT.AR TTTTA..CA. GA.ATTATCC ..A TATA.C.TCA CTRAT.A.A. C.ATAT..GA .G.ACA.RAT
MF351881.1 A. m. sahariensis TAA...T.GG TC.ATCTGCT CA....AT.A et e e i o e
Ky464958.1 A. m. lamarckii ATA..AT.AA TTTTA..CA. GA.ATTAT.C ..A TATA.C.TCA CTAAT.A.A. C.ATAT..GA .G.ACA.RAC
KP163643.1 A. m. syriaca ATA..AT.AA TTTTA..CA. GAR.ATTAT.C ..A TATA.C.TCA CTAAT.A.A. C.ATAT..GA .G.ACA.AAC
KM458618.1 A. m. intemissa ATA..AT.AR TTTTA..CA. GA.ATTATCC ..A TATA.CCTCA CTAAT.A.A. C.ATAT..GA .G.ACA.AAT
MF678581.1 A. m. monticola ATA..AT.RA TTTTA..CA. GA.ATTATCC ..A TATA.C.TCA CTAAT.A.A. .G.ACR.RAT
KY926882.1 A. m. syriaca ATA..AT.AA TTTTA..CA. GA.ATTAT.C ..A TATA.C.TCA CTAAT.A.A. -G.ACA.RAC
JQ778284.1 A. m. carnica TAA...T.GG TC.ATCTGCT CA....AT.A SR PR R ST e T
KX908209.1 A. m. ligustica ATA..AT.AA TTTTA..CA. GA.ATTATCC TATA.CCTC. CTAAT.A.A. -G.ACA.AARC
KY464957.1 A. m. meda ATA..AT.AA TTTTA..CA. GA.ATTATCC TATA.CCTCA CTRAT.A.A. .G.ACA.RAC

KX113622.1 A. mellifera GTCGA TCTGCT.AAT GA..T.T---
KU571744.1 A. florea ----AGTCGA TCTGCT.CAT GA..A.A...
FJ932648.1 A.dorsata breviligula----GGTCGA TCTGCT.AAT GA.AT.T---

JQ317319.1 A. laboriosa = = -—-—- GTCGA TCTGCT.CAT GA..TTT..- S ST
KJ396191.1 A. m. mellifera ATA..AT.AA TTTTA..CA. GA.ATTAT.C A TATA.C.TCA CTAAT.A.A. T..A.G.ARAC GATC C.ATAT..GA .G.ACA.ARAC
110 120 130 140 150 160 170 180 1%0 200

MH939276.1 A. m. carnica AGA-ATTGTA TGAARRAGAAT GARATAATAA ACTGTTCTCC TAARATTATTT TAATGGAATT TTAARATTTTT TAGTTTAAAR ATTCCTAARA
MH939277.1 A. m. jementica ST Sl s | i o, Bra T ML o e Y e LT R 1 R e B Ui ]

MG552702.1 A. m. scutellata .T.A..CA.. AT..TGAT.. TACC..TATT A.T.AATAR.. A.TC.TCTA. .AGTT.G.C. ATARA.T.C. T.RA...
MG552697.1 A. m. capensis .T.A..CA.. AT..TGAT.. .GRAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.C. ATARA.T.C. T.RA...
MF351881.1 A. m. sahariensis AT e et Flaparava e wvmies Py SPE BT aaien === DHETL AP TR . (Gl s = =GB, apmrmieiarmimictara RGE== T i TRoai ™
Ky464958.1 A. m. lamarckii -T.A..CA.. AT..TGAT.. .GAAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.C. ATAARA.T.C. T.RA...
KP163643.1 A. m. syriaca .T.A..CA.. AT..TGAT.. .GAAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.C. ATAAA.T.C. T.ARA...
KM458618.1 A. m. intemissa .T.A..CA.. AT..TGAT.. .GARAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.C. ATAAA.T.C. T.AA...
MF678581.1 A. m. monticola .T.A..CA.. AT..TGAT.. .GRAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.C. ATAARA.T.C. T.RA...
KY926882.1 A. m. syriaca .T.A..CA.. AT..TGAT.. .GAAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.Y. ATARA.T.C. T.AA.
JQ778284.1 A. m. carnica e « o e =P B o Th e Rivieim—GR eieim - G- —= M
KX908209.1 A. m. ligustica .T.A..CA.. AT..TGAT.. .GAAGGT..A TACC..TATT A.T.ARATA.. A.TC.TCTA. .AGTT.G.C. ATAAA.T.C.
KY464957.1 A. m. meda 2T AT..TGAT.. .GARGGT..A TACC..TATT A.T.ARATA.. A.TC.TCTA. .AGTT.G.C. ATAARA.T.C.
KX113622.1 A. mellifera = CTL A TA.. AG---.T...
KU571744.1 A. florea “s CT..A.TA.. AG——=.T...
FJ932648.1 A.dorsata breviligula.. G A TR e = AG-——=.T...
J@317319.1 A. laboriosa = sl CT..A.TA.. sl = AG-—~ =3

KJ396191.1 A. m. mellifera .T.A..CA.. AT..TGAT.. .GARAGGT..A TACC..TATT A.T.AATA.. A.TC.TCTA. .AGTT.G.C. ATAAA.T.C.

210 220 230 240 250 260 210 280 290 300

B I I [P IS IS I (S |

MH939276.1 A. m. carnica ATTTTAATTT ATGGGGACGG ATAAAGACCC CTATARGARAA
MH939277.1 A. m. jementica e S sy R s BEE=0 | pne DA i e T
MG552702.1 A. m. scutellata A.GAG.A.TC
MG552697.1 A. m. capensis A.GAG.A.TC

TTTTAATTTT TTTAAARATTT TATTTTAATA AATTTTTAAR TARAAATATT
AR e, ciom omiBBe B T T AR == =TT .0 SRR
AA.ATCC.CC -AATT...C. SRGCAPT. <TETT RS
AA.ATCC.CC -AATT...C. «wAG. ATT. TCTT... K.

MF351881.1 A. m. sahariensis  ---_..T.A.. .....AC--. ....GA-—.. ..... =gl B e i s 11 LA 5. §
Ky464958.1 A. m. lamarckii A.GAG.A.TC AA_ATCC.CC -AATT...C. $AG:-ATT. TCTTaaA:
KP163643.1 A. m. syriaca A.GAG.A.TC AR_ATCC.CC (228 «AG. ATT: TCTT..R.
KM458618.1 A. m. intemissa A.GAG.A.TC AAR.ATCC.CC -AATT...C. «<BG. ATT.. .TCTT..A.
MF678581.1 A. m. monticola A.GAG.A.TC AR ATCCLCE —-AATT...C. - «BG. . ATT. .TCTT... K.
KY926882.1 A. m. syriaca A.GAG.A.TC AR.ATCC.CC SAGVATT. STCTToAL
JQ778284.1 A. m. carnica ol AR T..AA. - -TTT....AA
KX908209.1 A. m. ligustica A.GAG.A.TC AR _ATCC.CC --AG..ATT. .TCTT...A.

KY464957.1 A. m. meda A.GAG.A.TC AA_ATCC.CC so G AT, JTCIT:eak:

KX113622.1 A. mellifera === Bl A= TUARe—==— —TTTuwdPAA

KU571744.1 A. florea === TR . - <AC=—. =TTT..AA

FJ932648.1 A.dorsata breviligula---..T.A.. - RABE=. S i i i

J@317319.1 A. laboriosa o o <RACr—u T.ARA.—~—m— i S

KJ396191.1 A. m. mellifera -AAA...ACC TGAA.A..T- —-....C-——. A.GAG.A.TC A...T---T. AA.ATCC.CC —-AATT...C. Accccnn.- --AG..ATT. .TCTT...A.
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MH939276.1 A. m. carnica ATTTTTARAG ATTTARARATT TTTGAATTGG GGGAGGGAAT ARRRA-TTTT CTTTTTAATT TTARAAARAAT TTTAAAATTT

MH939277.1 A. m. jementica by o7 OO A.GATTGG . PP LY 1 S = AATTL . R =GRAT. T e

MG552702.1 A. m. scutellata TA..AATCCT ..A.G..CAA .AGATGARAT T.C.ATA.T. -T.TCARA. . TA..AATC.. <A C.CC...RGA

MG552697.1 A. m. capensis TA..AATCCT ..A.G..CAA .AGATGAAAT T.C.ATA.T. -T.TCARAA.. TA..AATC.. A C.CC .. JAGA

MF351881.1 A. m. sahariensis TRER. T e S D e - -A.GATTGG. T A e == BT

Ky464958.1 A. m. lamarckii TA..AATCCT ..A.G..CAA .AGATGAARAT T.C.ATA.T. ST.TCARA: S TA..RATC. .

KP163643.1 A. m. syriaca TA..AATCCT ..A.G..CAA .AGATGAARAT T.C.ATA.T. -T.TCAARA.. TA..AATC. .

KM458618.1 A. m. intemissa TA..RATCCT ..A.G..CAA .AGATGAAAT T.C.ATA.T. .T.TCARAA. . TA..AATC..

MF678581.1 A. m. monticola TA..AATCCT ..A.G..CAA .AGATGAAAT T.C.ATA.T. - T TCARK. . TA. ARTC. . AR..TT..

KY926882.1 A. m. syriaca TA..RATCCT ..A.G..CAA .AGATGAAAT T.C.ATA.T. .T.TCAAA. . TA..RATC..

JQ778284.1 A. m. carnica TR D e C T -A.GATTGG. R R { o/ == BT

KX908209.1 A. m. ligustica TA..AATCCT ..A.G..CAA .AGATGAARAT T.C.ATA.T. -T.TCARA.. TA..AATC..

KY464957.1 A. m. meda TA..AATCCT ..A.G..CAA .AGATGAARAT T.C.ATA.T. -T.TCARA.. TA..RATC. .

KX113622.1 A. mellifera TAAToun wn == - -A.GATTGG. enTaeACa as =« ««BATT. «

KU571744.1 A. florea TARA.A.T.A e <A.GATT... v Te ACH v =B« AB.Toe .- —GAT.T.ARA

FJ932648.1 A.dorsata breviligulaTG.ARAT..T s . .A.GATTG.. —on nBAPT .. SGT=TL . A —CGAT. ... A

JQ317319.1 A. laboriosa TAAA.A.T.. = 22 - <A.GATT... -A..-A.T.. ~ERT - Toaws

KJ396191.1 A. m. mellifera TA..RATCCT ..A.G..CAA .AGATGAAAT T.C.ATA.T. G----ATTT. GTGA....C. TA..AATC.. C.CC...AGA
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MH939276.1 A. m. carnica TTTGGA-ATA ATTA-ARRAG AAT TA AA TTTTTT-TTT TG----GAARA ATTTA--ACC AAA----RAA TTTGGTTTAA =TT
MH939277.1 A. m. jementica «oGARTT .G <A TIGT . T menTIAR -ARA..TACC .TTA--.GGG ..AA.CAGG. GT.AATA.TC ...T-.GG.T .AGATCCA.A
MG552702.1 A. m. scutellata A..AATT..T .CC.A..TTT --TTTGA. ARA..CA.. .TTATAA.T. ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTTAA.RA
MG552697.1 A. m. capensis A AATT T - CCA% A TIT, ~=TTTGA: JAAA..CA.. .TTATARA.T. ...ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTTRA.A
MF351881.1 A. m. sahariensis wGRATTC: “RT=6T o T ===T=== ARR = ACC wTon=oAGEE: «ARC-=:u6s BT im=n=aTe wlill=wnBiT “Brnm== ALC
Ky464958.1 A. m. lamarckii A .AATT..T .CC.A..TTT -—TTIGA ~ARAA..CA.. TTATAA.T. ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTTAA.A
KP163643.1 A. m. syriaca A..AATT..T .CC.A..TTT --TTTGA -ARA..CA.. .TTATAA.T. ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTTAA.A
KM458618.1 A. m. intemissa A.AATT..T .CC.A.L.TTT --TTTGA <AAA..CA.. .TTATAA.T. ATCA.T. GT.ATATTCC A.ATCC.CCT .ATTTTAA.A
MF678581.1 A. m. monticola B BATT T BB TIT: =—TTTGA: -AAA..CA.. .TTATAA.T. ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTYAA.A
KY926882.1 A. m. syriaca A..AATT..T .CC.A..TTT --TTTGA ARA..CA.. .TTATAA.T. ...ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTYAA.A
JQ778284.1 A. m. carnica S GARTT o 2R TG T s sy FARARGCSRCE JT-===AGEGE: v RAC-~4G: BT === Th BTGl (G=e=s ACC
KX908209.1 A. m. ligustica A..AATT..T .CC.A..TTT --TTTGA. AAA..CA.. .TTATAA.T. ATCA.T. GT.ATATTCC A.ATCC.CCT .ATTTTRA.A
KY464957.1 A. m. meda A..AATT..T .CC.A..TTT --TTTGA. .AARA..CA.. .TTATAA.T. . .ATCA.T. GT.ATATTCC A.ATCC.CCT .ATTTTAA.A
KX113622.1 A. mellifera - -GAATT... .A.T-GT..T ~ARA. .~ACC .T-~=--AGGG ..AAC--.G. GT.=-~-.T. .C.T-..G.T
KU571744.1 A. florea i=GATTT s i T=GT: A TARRG ~HEC cT--=-A6GG: +AAC-—.G6: BT.====uT: “CuT=aGiT <
FJ932648.1 A.dorsata breviligula.-GARATT... B b R BAD o AOE, JTrm—mAGGE. « AAC==6: Gl.—m=ad T wBelPmucGRT &
JQ317319.1 A. laboriosa FGRTTET o, R T4, T BAR. . ~HCC JT-=-=AGGG ..AAC-=.G. GT.====ID. [L.T=..G.T
KJ396191.1 A. m. mellifera A..AATT..T .CC.A..TTT --TTTGA. ARA..CA.. .TTATAA.T. ATTA.T. GT.ATATTCC A.ATCC.CCT .ATTTTRAA.A
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MH939276.1 A. m. carnica ARAARRAGGA A--AATTARA A-AATTTT-- —--- AACCCC TTTTAAGGGG GGARATTAARA ACCAAGGCCG GGTAARAAAT- TAATTCCCTT TTTTTTGGGA
MH939277.1 A. m. Jjementica -T..G..TA. .AGG..GGIT TTGGCGAA-- —=-—— CG T GAA=GTTT wowesrasie Tow «GEealomme ARRwwThA 666 GOC AAG=—~—==~
MG552702.1 A. m. scutellata T, . TTGLAE TAR. wow. TT GATCCA.AAT AARGG.G.TT. AACATGA.CT TTT...A.TC .--.CCATGA - -GGAATT.. AACCARARAT
MG552697.1 A. m. capensis T TG ARE TR v TT GATCCA.RAT AAGG.G.TT. AACATGA.CT TTT...A.TC .--.CCATGA . .GGAATT.. AACCARAAAT
MF351881.1 A. m. sahariensis 2GR w=mGudBETT GEGRECRCrr: =nms G.TGTT GARA.T.A. - -GTA--. s TR n CEAC: T
KY464958.1 A. m. lamarckii T..TTG.A.C TAA..C..TT GATCCA.AAT AAGG.G.TT. AACATGA. .CCATGA - -GGAATT.. RACCARARAAAT
KP163643.1 A. m. syriaca T, . TTG.A:C TARA....- TT GATCCA.AAT AAGG.G.TT. AACATGA. .CCATGA - -GGAATT.. ARACCARARAT
KM458618.1 A. m. intemissa TeITGRC TRA oo TT GATCCA.ARAT AAGG.G.TT. ARCATGA. .CCATGA . .GGAATT.. AACCAAAAAT
MF678581.1 A. m. monticola TunTIG:A.C TAR:wwian TT GATCCA.AAT ARAGWG.TT. AACATGA. -CCATGA -WGGAATT.. AAC.ARARAT
KY926882.1 A. m. syriaca T..TTG.A.C TRA..... GATCCA.AAT ARGGWG.TT. AACATGA. .CCATGA WGGAATT.. AARC.ARARAT
JQ778284.1 A. m. carnica STETeGEThA: ==G3 GELECCLEE> —====GLTGTT GAAC~-A. GITA==: EEEUEG AR —=ss—ssa— Sosaasua
KX908209.1 A. m. ligustica TG AE TR e GATCCA.AAT AAGG.G.TT. AACATGA. .CCATGA - -GGAATT.. ARACCARAAAT
KY464957.1 A. m. meda T..TTG.A.C TAA.. GATCCA.AAT AAGG.G.TT. AACATGA. .CCATGA - -GGAATT.. AAC.ARAAAT
KX113622.1 A. mellifera P LR R U O GEGLEEH GAA.T.A. . -GTA—-. e =Ga TG. . CBGAC. .=~
KU571744.1 A. florea PTG TR w==6 GCG.CC. GAA.T.A. oG AE=s CGAC.
FJ932648.1 A.dorsata breviligulaTT.T.G.TA. .--G..G.TT GCG.CC. GRA.T.A. . .GRA--.
JQ31731%9.1 A. laboriosa GP.T.G.T. .=-—G..G.TT BCE.CC. = GAA.T.A. . .GAA--. = =
KJ396191.1 A. m. mellifera T..TTG.A.C TAA..C..TT GATCCA.AAT AAGG.G.TT. AACATGA. .CCATGA AA. . AACCARRAAAT
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MH939276.1 A. m. carnica -RAATTARGGG AATTTCCAAT TARATTTAAG GGAARATTTAR ARRAAGGGAA ATTGGGTTTT TTTTGGGCCC GGAARACCCC CTTTCCGGGA ARATTGGGTT
MH939277.1 A. m. Jjementica Gl AL ORI, T TT..AAAGG. .TTT...T.A A.GTTCC.TG GTTTTCC.G. .CCTTT.... .AAAAAAAAT TCCTTTTAA. .AAR.TG..A. TTT..T..AR
MG552702.1 A. m. scutellata G.TA.T.ATA ...ARAT..A ...TAC..TA TTT..A..T. ..TTTARAT.T C.CTA-..AR .A.AARATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
MG552697.1 A. m. capensis G.TA.T.ATA ...AARAT..A ...TAC..TA TTT..A..T. ..TTTAAT.T C.CTA-..AA .A.AAAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
MF351881.1 A. m. sahariensis -...CTTACA TGA..TG.G. .C..A.CG.C .T..G.CAG. TTGGTTTCT. TC.ATAA.AA AA.ATTAATT AATTGTA.GA AAGGA.TTT. .TT..TARA.
Ky464958.1 A. m. lamarckii G.TA.T.ATA ... -TA...TA TTIT..A..T. ..TTTAAT.T C.CTA-..AA .A.AAAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
KP163643.1 A. m. syriaca G.TA.T.ATA . TA...TA TTT..A..T. ..TTTAAT.T C.CTA-..AA .A.AAAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
KM458618.1 A. m. intemissa G.TA.T.ATA ... -TAC..TA TTT..A..T. ..TTTAAT.T C.CTA-..AA .A.AAAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
MF678581.1 A. m. monticola G.TA.T.ATA ... TA...WA TTT..A..T. ..TTTARAT.T T.CWA-..AA .A.AARATTT AATCT..--A A.CAATTAA. T..A.ATAA.
KY926882.1 A. m. syriaca G.TA.T.ATA ... TA...WA TTT..A..T. ..TTTAAT.T T.CWA-..AA .A.AARATTT AATCT..--A A.CAATTAA. TN.A.ATAR.
JQ778284.1 A. m. carnica
KX908209.1 A. m. ligustica G.TAT.ATA . ARAT: A cewTAwTA TTT. AT wTTTAAT.T CiCTA~. AR AARAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
Ky464957.1 A. m. meda G.TA.T.ATA ...AAAT..A ...TA...TA TTT..A..T. ..TTTAAT.T C.CTA-..AA .A.AAAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
KX113622.1 A. mellifera === AAT CT.ACATG.. .TG.G..C.A ATCG.CG... GT:
KU571744.1 A. florea s AAT CT.ACATG.. .TG.G..C.A ATCG.CG... GT;
FJ932648.1 A.dorsata breviligula---—---—-- —————————= ———mm———m
JQ317319.1 A. laboriosa
KJ396191.1 A. m. mellifera G.TA.T.ATA ...ARAT..A ...TA...TA TTT..A..T. ..TTTAAT.T C.CTA-..AA .A.AAAATTT AATCT.T--A A.CAATTAA. T..A.ATAA.
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MH939276.1 A. m. carnica TTTTGGGARA AARATTTTTTT AARAAAGGGG AARATTTGGG AARAAARAAAR AAAATTTTTT ARRAGGGGGG GGCCCCGGGC CCCCAAGAGG TTTTARRAR
MH939277.1 A. m. Jjementica G.CCCAC... ...ARAA.C. CCCCCG..AA CGGGGGG-AA ........w T TTTT.AAGGA GGTGA.ATTA T.AATAT..G GARA.GA..A .GG..TG.G
MG552702.1 A. m. scutellata AAA.AAT.T. T...A..GG. ...G..AARA TT.T.G. TT... T...A.CCAG .T..TCATC. ATTTT.ACTA TAA.CTC.TT .CAC..CT.
MG552697.1 A. m. capensis AAA.AAT.T. T...A..GG. ...G..AAAA TT.T.G. ST T TewnAsCEAG: T TCATS .. ATTTT:ACTA TAA.CTC.TT CAC:CT.
MF351881.1 A. m. sahariensis JAL.TAT... TT.A.AA.AA .T.T.TTATA GTT.... ..T.GTG C.TTAAA... .GG.TTTAAT TATATTAATT .TTT..A.TT AA.A..T..
KY464958.1 A. m. lamarckii ARA.AAT.T. T...A..GG. G..ARAA TT.T.G. .TT.G. T...A.CCAG .T..TCATC. ATTTT.ACTA TAA.CTC.TT .CAC..CT.
KP163643.1 A. m. syriaca ARA.AAT.T. T...A..GG. ..G..AARA TT.T.G. .TT.G. T...A.CCAG .T..TCATC. ATTTT.ACTA TAA.CTC.TT ..AC..CT.
KM458618.1 A. m. intemissa AGA.AAT.T. T.o..Aw.6GG. .G. AARR TT.T.G. JIT.G: Te.wAJCCAG T TEATC. ATTTT.ACTA TAA.CTC.TT .CAC..CT.
MF678581.1 A. m. monticola AARA.AAT.T. T...A.WGA. ...G..ARRA TT.T.G. ST ey W B BEAG, T TEATE . ATTITACTA. TAR-CTC. TP CAG:wCT:
KY926882.1 A. m. syriaca AAA.AAT.T. T...A.WGA. ...G..AARA TT.T.G. -IT... T...A.CCAG .T..TCAWC. ATTTT.ACTA TAW.CTC.TT .CAC..CT.
JQ778284.1 A. m. carnica
KX908209.1 A. m. ligustica ARA.AAT.T. T...A..GG. --G..AAAA TC.T.G.ATA ...T.TT... T...A.CCAG .T..TCATC. ATTTT.ACTA TAA.CTC.TT ..AC..CT.
KY464957.1 A. m. meda AAA.AAT.T. T...A..GG. ...G..AAAA TC.T.G.ATA ...T.TT... T...A.CCAG .T..TCATC. ATTTT.ACTA TAA.CTC.TT ..AC..CT.
Kg113622.1 A. mellifera
KU571744.1 A. florea
FJ932648.1 A.dorsata breviligul
JQ317319.1 A. laboriosa
KJ396191.1 A. m. mellifera AAA.AAT.T. T..:.A..GG. ...G..AAAA TT.T.G.ATA ...T.TT.G. T...A.CCAG .T..TCATC. ATTTT.ACTA TAA.CTC.TT ..AC..CT.

Figure 2. Sequence alignment of mitochondrial 16S rDNA gene of the honey bee subspecies Apis mellifera jementica and Apis mellifera carnica
with the most closely related Holometabola species within family Apidae. (Only variable sites are shown. Dots represent bases identical to those
of the first sequences, and dashes indicate gaps).
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e DQ470571.1 Daphnia pulex —Daphniidse ———————Crustacea
KJ003060.1 Tribolium castaneum —Coleoptera
BT003592.1 Drosophila melanogaster ’,t s ]—Endopterygota
KP730804.1 Drosophila melanogaster Ppen ity
EU822953.1 Rhodnius proixus  —Heteroptera | Exopterygota,
— AK341909.1 Acyrhosiphon pisum —Stemorrhyncha [ Hemiptera
122905.1 Xylocopa virginica

122900.1 Scaptotrigona luteipennis
[228%9.1 Melipona compressipes
122902.1 Trigona pallens

[22901.1 Trigona hypogea
L JQ778264.1 Apis mellfera camica
KX13622.1 Apis melfera {Hm%mmm L Endoptesona
Apoidea

MF351881.1 Apis melliera sahariensis
MH939277.1 Apis mellifera jementica
F1932648.1 Apis dorsata breviigula
JQ317319.1 Apis laboriosa
KUST1744.1 Apis forea Insecta
MH939276.1 Apis melifera carnica
KM579465.1 Pediculus humanus corporis — Phthiraptera —Exopterygota
Sy I— EU746617.1 Nasonia itipennis Hymenoptera ~Endopterygota
MG352702.1 Apis mellera scutellata Chalcidoidea
MG552697.1 Apis mellfera capensis
MF678581.1 Apis melitra monticola
KM458618.1 Apis mellfera intemmissa
K¥008209.1 Apis melifera ligustica _{ Hymenoptera
KY464957.1 Apis mellfera meda Apoidea
KY464958.1 Apis mellfera lamarcki
KP163643.1 Apis mellifera syriaca
KY926882.1 Apis melifera synaca
KJ396191.1 Apis mellifera mellfera Digier

_|_— MG753749.1 Anopheles gambiae Nemsfocer ]—Endopten'zota
KP729110.1 Bombyx mor — Leppidoptera -

XM_002408215.1 Iodes scapularis sterol —Ixodidae

Pancrustacea

FEndopterygota

Chelicerata

02

Figure 3. Molecular phylogenetic analysis by maximum likelihood method. The evolutionary history was inferred
by using the Maximum Likelihood method based on the Kimura 2-parameter model. The tree with the highest log likelihood
(-2409.1376) is shown. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach,
and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured
in the number of substitutions per site. The analysis involved 34 nucleotide sequences. All positions containing gaps and
missing data were eliminated. There were a total of 168 positions in the final dataset. Evolutionary analyses were conducted
in MEGAG6

DISCUSSION

Apidae is the largest family of bees, with over 5,700 described species (Ascher and Pickering, 2012).
There are four different species of honey bees in the world: little honey bee (Apis florea) that is native to
southeast Asia, the Eastern honey bee (Apis cerana) of eastern Asia including Korea and Japan; the Giant honey
bee (Apis dorsata) native to southeast Asia; and the Western honey bee (Apis mellifera) native to Europe,
Africa, and western Asia (Daly et al., 1982; Oldroyd and Wongsiri, 2006; Rattanawannee et al., 2010). Apis
mellifera is commonly known as the European, western, or common honeybee in different parts of the world
and is extensively domesticated for honey, pollen, beeswax, propolis, royal jelly, and bee venom (Ratcliffe et
al., 2011). It is a major agent of global ecology via pollination (Williams, 2002; Kajobe, 2006; Klein et al.,
2007; Allsopp et al., 2008). It is a common model in scientific social behavioral studies (Breed et al., 2004;
Solignac et al., 2004; Beye et al., 2006; The Honey Bee Genome Sequencing Consortium, 2006). The current
study aimed to determine the genetic diversity and phylogenetic relationships of the A. mellifera subspecies of
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Saudi Arabia. The Apis species are often identified via molecular markers due to the lack of taxonomists skilled
in apiculture in Saudi Arabia.

DNA sequence-based identification techniques have revealed the morphological and ecological traits of
many species during larval stages (Foltan et al.,, 2005; Smith et al., 2006; Hayashi and Sota, 2010).
Mitochondrial DNA (mtDNA) markers have been widely used to address population and evolutionary questions
from the A. mellifera honey bee. The sequencing and characterization of the mitochondrial DNA genome has
been very useful for analyzing the phylogeny and population genetic structure of the Apis species and of the A.
mellifera subspecies. It contains regions with variable evolutionary rates. In principle, the general pattern of
subspecies distribution has been supported by various genetic studies using molecular tools (Garnery et al.,
1993; Franck et al., 2000a; 2001; Whitfield et al., 2006; Canovas et al., 2008). Mitochondrial introgressions can
be assessed using the “Dral” test-a molecular test that highlights the sequence variability between subunits | and
Il of the cytochrome oxidase gene (Garnery et al., 1993). This test has been widely used to analyze the
biogeography of A. mellifera L. subspecies and races (Rortais et al., 2011) as well as for other Apis species
(Smith and Hagen, 1997).

We used this method to distinguish different haplotypes and group them into one of the four primary
lineages (Ruttner, 1988; De la Rua et al., 2009). The mitochondrial 16S rDNA was studied here for the first time
to detect the molecular polymorphism between two different subspecies of Apis mellifera worker honey bee.
Previously, the mitochondrial CoxI-Coxll intergenic region was utilized to distinguish honey bee lineages.
Schiff and Sheppard (1995) used mitochondrial DNA and allozyme variations to characterize 142 breeder queen
colonies from 22 apiaries in the southeastern United States. In addition, Franck et al. (2000a) described the
different haplotypes of the CoxI-CoxIl intergenic region found in major honey bee lineages. Kozmus et al.
(2007) analyzed the mtDNA of honeybee ectotypes as the initial step of molecular characterization of the
indigenous honeybee populations from Serbia. Papachristoforou et al. (2013) combined analysis of mtDNA and
microsatellite data from A. m. cypria to describe the genetic structure of the Cyprian honey bee population.
Techer et al. (2015) analyzed the genetic diversity of the honeybee population in Rodrigues using the
mitochondrial CoxI-CoxII intergenic region. Bozi¢ et al. (2016) analyzed mtDNA for the characterization of
carniolan honey bee A. M. carnica.

This study indicated that closely related Apis species have 90% similarity in the standardized DNA
sequence and distantly related species have less than 90% similarity in the same genes sequence. This agrees
with Gurney et al. (2000). The NJ tree was constructed here based on the multiple aligned sequence data for
different Apis species and other arthropods. The tree separates the genomes into two main clades. All A.
mellifera species were included in one clade; Chelicerata represented by Ixodes scapularis sterol were in another
clade. Our results verify the conclusions of Prentice (1998), Melo (1999), Michener (2007), Cardinal et al.
(2010), and Haddad et al. (2017) who found that all Apis species are clustered together in one clade in addition
to the genetic origin of Apis species within family Apidae as a paraphyletic group.

Franck et al. (2001) and Canovas et al. (2008) demonstrated that there are five honey bee lineages
found in the Mediterranean Basin. These results indicated that the recovered apid species are deeply embedded
within the genus Apis within the African lineage. A recent similar study by Haddad et al. (2017) analyzed the mt
genome haplotyes and indicated that the north African Sahara Honey bee, A. m. sahariensis in the African
lineage was genetically distinct from the northern African lineage exemplified by A. m. intermissa. The branch
length of A. m. carnica (gh| MH939276.1) was lower than A. m. jementica (gh| MH939277.1) indicating less
divergence from its ancestor. This result was confirmed by data from Rukhsana et al. (2014) who indicated that
the branch length of the NJ tree is a degree to indicate the divergence from the common ancestor.

CONCLUSION
A recent field study provides tools for the rapid identification and phylogenetic analysis of honey bees

inhabiting Saudi Arabia via mitochondrial 16S rDNA gene from the recovered Apis mellifera subspecies. This
yielded a unique genetic sequence that confirms their taxonomic position within the family Apidae.
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