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ABSTRACT

Protein, isozymes and RAPD-PCR were conducted to assess the biochemical
and molecular characterization for three subspecies of honey bee worker, Apis
mellifera L. Low polymorphism percentages were recorded in different protein
patterns ranging from 18 to 42%. Eighteen, five and four unique bands distinguished
the Egyptian, the Italian and the Carniolan subspecies, respectively. The isozyme
systems recorded low polymorphism percentages, except peroxidase (67%). High
levels of polymorphism were observed in RAPD-PCR profiles. 28 unique bands were
identified out of 39 polymorphic ones; fourteen in the Egyptian subspecies, six in the
Italian subspecies and eight in the Carniolan subspecies. These unique bands were
considered as molecular markers for these subspecies. The dendrogram separated the
Egyptian subspecies from the other two subspecies with a highly genetic distance of
0.25. The Italian and Carniolan subspecies were grouped into one main cluster with a
genetic distance of 0.01 between them.

Key words: Apis mellifera, protein, isozymes, RAPD, PCR, polymorphism
INTRODUCTION

The original distribution range of honey bee, Apis mellifera L. included Africa,
Europe (except the northern part) and the Near East. Within this large area the species
was differentiated into several evolutionary branches. Up to 29 subspecies have been
distinguished on the basis of morphological traits (Sheppard and Meixner, 2003) and
these were originally grouped into five evolutionary lineages: (M) from northern and
western Europe and northern Africa, (A) from southern and central Africa, (C) from
the northern Mediterranean region and eastern Europe, (O) from the eastern
Mediterranean and the Near and Middle East region, and (Y) from the east African
country of Ethiopia (Ruttner, 1988; Hall and Smith, 1991; Garnery et al., 1992; Arias
and Sheppard, 1996; Franck et al, 2000, 2001). Based on various phylogenetic
parameters the speciation event that produced 4. mellifera has been estimated to have
occurred between 0.7 to 1.3 million years ago (Ruttner, 1988; Cornuet and Garnery,
1991; Arias and Sheppard, 1996). The taxonomy of honey bee has been in chaos for
the last many decades. Morphometric studies have grouped the available subspecies
into four lineages (Ruttner, 1988, 1992; Sheppard et al., 1997). As the morphometric
studies are challenged continuously molecular level study was begins recently with
the help of allozymes (Nunamaker and Wilson, 1982; Badino et al., 1988), nuclear
DNA (Hall, 1990; Tares et al., 1993), mitochondrial DNA (mtDNA) (Moritz et al.,
1986; Smith et al., 1989, 1991; Hunt and Page, 1992; Garnery et al., 1993; Oldroyd et
al., 1995; Arias and Sheppard, 1996; Pedersen, 1996; De la Rua et al, 2000) and
microsatellites (Estoup et al., 1993; Garnery et al., 1998).
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Protein and enzyme polymorphism in honeybees proved to be useful in
developmental studies, population genetics and in classification (Hamrick, 1989).
Different methods of DNA analyses have been fragmentarily applied to clarify the
race standard of the local honey bee (Ivanova et al., 1998; Ivanova and Bouga, 2009;
Ivanova et al., 2010). RAPDs are able to produce multiple bands fragments. These
fragments are usually generated from different regions of the genome and hence
multiple loci may be examined very quickly (Edwards 1998).

In the present study, experiments were conducted to characterize three
subspecies of honey bee workers, Apis mellifera L.; A.m. lamarckii (Egyptian), A.m.
ligustica (Italian) and A.m. carnica (Carniolan), using biochemical (protein and
isozymes) and molecular (RAPD-PCR) markers.And to illustrate the relationship
among them.

MATERIAL AND METHODS

Material:

The three subspecies of honey bee worker, Apis mellifera L.; A.m. lamarckii
(Egyptian), A.m. ligustica (Italian) and A.m. carnica (Carniolan), were supplied by
Entomology Department, Faculty of Agriculture, Ain Shams University, Cairo,
Egypt.

Methods:
a- Protein analyses:

SDS-polyacrylamide gel electrophoresis was performed in 12% acrylamide slab
gels following the system of Laemmli (1970). Native proteins, protein bound
carbohydrates (glycoproteins) and protein bound lipids (lipoproteins) of the six
organs; head, sting, haemolymph, honey stomach, mid gut and pritrophic membrane
of the three subspecies of the honey bee worker, 4. mellifera were separated using
non-denaturing discontinuous polyacrylamide gel electrophoresis (PAGE) according
to the method of Davisb (1964).

b- Isozymes analyses:

The Isozymes used were: a-and [-esteras (Est.), Acid phosphatase (Acph.),
alcohol dehydrogenase (Adh.), aldehyde oxidase (Ao.), Malic enzyme (Me) malate
dehydrogenase (Mdh) and peroxidase (Px). [sozymes were separated in 10 % Native-
polyacrylamide gel electrophoresis as described by Stegemann et al. (1985). In gels
staining, protocols of Scandalios (1964) were used for o and B-Est.; Wendel and
Weeden (1989) for Ao and Acph; Weeden and Wendel (1990) for Adh; Jonathan and
Wendell, (1990) for Mal and Mdh; Heldt, W.H., (1997) for Px. After bands
appearance, gels were washed two or three times with tap water; fixed in ethanol:
20% glacial acetic acid (9:11 v/v) for 24 hours; and photographed.

c- Molecular analysis

Five primers of the PCR-based technique; RAPD were used. The DNA was
extracted according to the method of Sambrook ef al. (1989). For RAPD analysis, five
10-mer random DNA oligonucleotide primers (Operon Technologies, Inc, USA) of
arbitrary sequences were independently used in PCR reactions as described by
Williams et al. (1990). Codes and sequences of these primers were listed in Table (1).
Amplifications were performed in 50 pl reaction volume containing: 0.2 mM
dNTBs, 1.5 mM MgCl,, 5.0 ul 10X buffer, 0.2 pl Primer, 3.0 ul template DNA (50
ng/ pl) and 0.3 pl Taqg DNA polymerase (SU/ pl). Each of the reaction mixtures
was overlaid with a drop of light mineral oil per sample. Amplifications were
carried out in Perkin Elmer thermocycler.
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Table 1: List of primers and their nucleotide sequences.

Primer code Sequences
OP- A18 5"AGGTGACCGT3
OP-CO05 5" GATGACCGCC3
OP-C13 5 TGG TGG ACC A 3
OP-D13 5" GGG GTGACGA 3
OP-117 5 TGG TGG ACC A 3°

The optimal conditions for PCR amplification were as follows: an initial 4
minutes denaturation step at 94 'C followed by 37 cycles of 1 minute at 94 'C, 1
minute at 37 'C and 2 minutes at 72 'C, with a final extension step at 72 'C for 8
minutes. A volume of 15 pl of the RAPD products were electrophoresed in 1.2 %
agarose gel and run was performed at 100 V for about 60 minutes in Pharmacia
submarine (20cm x 20cm). The bands were visualized on UV trans-illuminator and
photographed by gel documentation system. Bands of RAPD technique was
visualized on UV- transilluminator and photographed by Gel documentation system
(Biometra Bio Doc Analyze 2000).

d- Data analysis

Differences in bands intensity among profiles of the different samples were not
considered. The binary data generated is used to estimate levels of polymorphism by
dividing the polymorphic bands by the total number of scored bands. Then the
presence or absence of each protein, isozyme and RAPD band was treated as a binary
character in a data matrix (coded 1 and 0, respectively) to calculate genetic similarity
and to construct dendrogram tree among the studied three subspecies. Genetic
distance was calculated by the following formula (Genetic distance = 1- similarity
coefficient) according to Nei and Li (1979) as implemented in the computer program
SPSS-11.

RESULTS AND DISCUSSION

In the present study, SDS-protein, native protein, glycoprotein, lipoprotein,
isozymes and randomly amplified polymorphic DNA based polymerase chain
reaction (RAPD-PCR) analyses are conducted to detect the biochemical and
molecular polymorphism among three different subspecies of honey bee worker, A.
mellifera. Schiff and Sheppard (1995) used mitochondrial DNA (mtDNA) and
allozyme variation to characterize 142 breeder queen colonies from 22 apiaries in the
southeastern United States.

The overall results of the utilized four protein systems for identifying samples
of the six organs; head, sting, heamolymph, honey stomach, mid gut and pritrophic
membrane of the three subspecies of honey bee worker, Apis Mellifera L. were pooled
together in Figure (1) and Table (2). 128 bands were recorded in the four- protein
systems, the highest number (57) was in native pattern with highest polymorphism
percentage (42%). Eighty monomorphic and fourty eight polymorphic bands were
scored. 27 uinque bands could be considered as protein (biochemical) markers to
discriminate among the three subspecies of the honey bee worker. Ivanova et al.,
(2000) investigated two thousand specimens of 4. mellifera from three domesticated
populations in Bulgaria by different means of gel electrophoresis, and found specific
larval protein bands which discriminated among the larval, pupal and the adult stages.
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Table 2: Pooled data of the protein patterns used for identifying samples of the six organs; head, sting,
heamolymph, honey stomach, mid gut and pritrophic membrane of the three subspeciess of
honey bee worker, Apis mellifera L. as well as the percentage of polymorphism detected by each

pattern.
Protein Monomorphic Polymorphic band Total Polymorphism
system band Unique Shared (%)
SDS 30 6 11 47 36
Native 33 14 10 57 42
Glycoprotein 8 5 0 13 38
Lipoprotein 9 2 0 11 18
Bands total 80 27 21 128 375
1 2 3 4 5 & 7 8 % M m 11 12 13 14 15 16 17

10 11 12 13

4 15 16 17

1 2 3 4 5 & 7 8 % 10 1

12 13 14 15 16

Lipoprote

15 16

78 9 10 11 12 13 14

Glyecoproted

Fig.1: The produced protein profiles of three subspecies of Apis mellifera L.using SDS-PAGE, native,
lipoprotein and glycoprotein techniques. E=Egyptian, I=Italian and C=Craniolan.

E 1 C E 1 C E 1 C E 1 C E 1 C E 1 C

1 2 3 4 5 6 7 8 9 10 11 12 I 13 14 15 16 17 18

Head Haemolymph Honey stomach Mid gut Pritrophic mem. Sting

Eighteen unique bands characterized the Egyptian subspecies; four in SDS
pattern, twelve in native pattern and one in each of glycoprotein and lipoprotein
patterns. On the other hand, five and four unique bands distinguished the Italian and
the Carniolan subspecies, respectively.

These results were in agreement with Zalat et al., (2002) who reported bands
that discriminated between the venom of the Egyptian honeybee and Carniolan bees.
In general, low polymorphism percentages were recorded in different protein patterns
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ranging from 18 to 42% as shown in Table (2). This agreed with Yu and Jian-ke
(2009) who detected significant differences in the proteome profile between the high
royal jelly producing bees and the native Italian bees. Also, Vagner and Da Cruz-
Landim (2004) used the electrophoretic pattern of proteins to establish a correlation
with the metamorphosis events, and they recorded greatest variation in protein
electrophoretical bands during prepupal stage and the smallest variation during the
brown eyed pupae stage.

Application of isozyme techniques has an important potential to provide a
precise tool to study the relationships among insect species. Ivanova et al., (2011)
studied the genetic variability of honey bee populations of three subspecies selectively
reared in Poland (4. m. carnica and A. m. caucasica) and Bulgaria (4. m. macedonica
— type rodopica) using isoenzyme analysis of six enzyme systems (Mdh-1, Me, Est-3,
Alp, Pgm and Hk). In the present study, eight isozymes polymorphisms were used to
establish the biochemical genetic profile of Egyptian, Italian and Carniolan subspecies
of the honey bee workers, A. mellifera. The results of the utilized eight-isozymes
systems for identifying samples of the six organs; head, sting, heamolymph, honey
stomach, mid gut and pritrophic membrane of the three subspecies of honey bee
worker, A. mellifera are pooled together in Table (3) and as shown in Figure (2-a,b).
119 bands were recorded in the eight-isozymes systems, the highest number was 27
bands in f-est pattern, while the lowest was seven in malic enzyme which did not
detect any polymorphism percentage. Eighty-one monomorphic and thirty-eight
polymorphic bands were scored in the eight-isozymes systems. 21 uinque bands could
be considered as isozymes (biochemical) markers to discriminate among the three
subspecies of the honey bee worker. Seventeen unique bands characterized the
Egyptian subspecies; six in B—esterase pattern, four in Px pattern, two in each of Alo
and o—esterase and one in each of Acph, Adh and Mdh patterns. On other hand, four
unique bands distinguished the Carniolan subspecies; as one in each of Acph, Adh, o—
and [—esterase patterns. The Itatian subspecies did not record any marker in eight-
isozyme systems. Also, as in protein patterns, the isozymes systems recorded low
polymorphism percentages, except peroxidase (67%), as shown in Table (3).

Table 3: Pooled data of the isozymes patterns used for identifying samples of the six organs; head,
sting, heamolymph, honey stomach, mid gut and pritrophic membrane of the three subspeciess
of honey bee worker, Apis mellifera L. as well as the percentage of polymorphism detected by
each pattern.

Isozyme Monomorphic Polymorphic band Total Polymorphism
system band Unique Shared (%)
Acph 7 2 0 9 22
Adh 18 2 3 23 22
Alo 9 2 2 13 31
a-Est 12 3 5 20 40
B-Est 15 7 5 27 44
Malic 7 0 0 7 0
Mdh 10 1 0 11 10
Px 3 4 2 9 67
Bands total 81 21 17 119 32
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Fig. 2-a: The produced zymograms of three subspecies of Apis mellifera L.by using isozyme
techniques. acid phosphatase (Acph.), aldehyde oxidase (Ao.), alcohol dehydrogenase (Adh.)
and a-esterase (a- Est.). E=Egyptian, [=Italian and C=Craniolan.
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Fig. 2-b: The produced zymograms of three subspecies of Apis mellifera L.by using isozyme
technique. B. B-esterase (B- Est.), Malic enzyme (Mal), malate dehydrogenase (Mdh.) and
Peroxidase (Px). E=Egyptian, [=Italian and C=Craniolan.

—_
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Also, Tong et al., (2002) indicated that the four subspecies of 4. mellifera
showed the same esterase zymogram. Schiff and Sheppard (1995) found that of the 6
enzymes known to be polymorphic in adult honey bees, only malate dehydrgenase
was polymorphic in the commercial colonies of their study. It is obvious that no one
of the protein or isozyme indices used above can stand alone to provide sufficient
polymorphic profile to distinguish among the three subspecies of the honey bee
worker, A. Mellifera. Therefore, combined class patterns seem to solve this problem
as they offer higher resolution to characterize each subspecies and assign it to a
unique class pattern.

These results were similar to that of Tendero et al., (2007) who detected low
genetic variations in studied isozymes within population of European honeybee, Apis




110 Saadya M. El-Bermawy

mellifera carnica P., and mentioned that could be due to non-random mating in
honeybees.

RAPD is a very important part of the combination of methods planned for
studying the discrimination of honey bee populations (Magnus et al., 2011). This
reveals polymorphisms which are useful as genetic and taxonomic markers based on
RAPD-PCR to determine the phonetic relationship at intraspecific level (Bardakci,
2001). Five 10-mer arbitrary oligonucleotide primers of RAPD-PCR; OP-A18, C05,
C13, D13 and 117 as in Figure (3) and Table (1) were used to discriminate among
three subspeciess; Egyptian, Itatian and Carniolan, of the honey bee worker, Apis
mellifera L. Suazo et al., (1998) used nuclear genetic markers in the form of random
amplified polymorphic DNA (RAPD) to distinguish African and European honey

bees (4. mellifera).
M 1 2 3
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Fig. 3: RAPD profiles of three subspecies of Apis mellifera L.generated with the random primers OP
A18, C05, C13, D13 and I17. M = marker. 1=Egyptian, 2=Italian and 3=Craniolan.
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A maximum of 13, 13, 8, 7 and 8 DNA bands were scored in the RAPD profiles
generated by the primers OPA18, C05, C13, D13 and 117, respectively (Table 4). No
monomorphic bands were detected in primers OP Al8 and I17. A sum of 39
polymorphic bands were generated by these primers in the samples under study. In
the present study, a total of 28 unique bands were identified out of the polymorphic
ones; fourteen in the Egyptian subspecies, six in the Italian subspecies and eight in the
Carniolan subspecies. These unique bands were discriminated among the three
subspeciess and could be used as molecular markers for these subspeciess. High
levels of polymorphism were observed in RAPD-PCR profiles and ranged between 29
to 100% as shown in Table (4). The previous results were in accordance with Suazo et
al., (1998) who reported RAPD markers that were specific to groups of honey bee
subspecies and expected to be useful in distinguishing African and European bees.
Advantages of analyzing genetic polymorphisms at DNA level are many fold
(Cavalli-Sforza, 1998). DNA contains more information than protein sequences do as
well as many genetic polymorphisms.

Table 4: Number and types of the amplified DNA bands as well as the percentage of the total
polymorphism generated by five primers in the three subspeciess of honey bee worker, Apis

mellifera L.
. . Polymorphic
Primer Monomorphic )l])andg Total bands Polymorphism %
code bands .
Shared Unique

OP-A18 0 2 11 13 100
OP-C05 2 4 7 13 85
OP-C13 3 3 2 8 63
OP-D13 5 1 1 7 29
OP-117 0 1 7 8 100
Total 10 11 28 49 75.4

Genetic similarity matrix based on protein, isozymes and RAPD.-PCR data
among the three subspeciess of the honey bee worker, A. mellifera is presented in
Table (5). The highest similarity value (0.854) was recorded between the Italian and
Carniolan subspecies, meanwhile the lowest genetic similarity coefficient (0.779) was
observed between the Egyptian and Carniolan subspecies. The dendrogram illustrated
in Figure (4) separated the Egyptian subspecies from the other two subspecies with a
highly genetic distance of 0.25 between them. The Italian and Carniolan subspecies
were grouped into one main cluster with a genetic distance of 0.01 between them.
This agreed with Francoya et al., (2006) revealed the variance between Africanized
bees and honey bees of European origin through detection of significant differences
between commercial USA Italian bees, German Carniolan bees and Africanized
honey bees based on multivariate analysis. In conclusion, biochemical (protein and
isozymes) and molecular (RAPD-PCR) markers revealed the intraspecific
variations and genetic relationships of honey bee worker subspecies and separated
the Italian and Carniolan bees of three subspecies into one group.

Table 5: Similarity matrix of the three subspecies of the honey bee worker, Apis mellifera L. based on
the pooled results derived from protein, isozymes and RAPD-PCR analyses.

Subspecies Egyptian Italian Craniolan
Egyptian 1.00 - -
Italian 0.824 1.00 -

Craniolan 0.779 0.854 1.00
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Fig. 4: Dendrogram demonstrates the relationship among the three subspeciess of the honey bee
worker, Apis mellifera L. based on the pooled results derived from protein, isozymes and
RAPD-PCR analyses.

REFERENCES

Arias M.C. and W.S. Sheppard (1996). Molecular Phylogenetics of Honey Bee
Subspecies (Apis mellifera L.) Inferred from Mitochondrial DNA Sequence,
Molecular Phylogenetics and Evolution 5(3): 557-566.

Badino G., G. Celebrano, A. Manino and M.D. Ifantidis (1988). Allozyme variability
in Greek Honeybees (Apis Mellifera L.), Apidologie 19(3): 377-386.

Bardakci F. (2001). Random amplified polymorphic DNA (RAPD) markers. Turk. J.
Biol. 25:185-196.

Berlocher S.H. (1984) Insect molecular systematics. Ann. Rev. Entomol. 29: 403-433.

Carlson J.E., L.K. Tulsieram, J.C. Glubitz, V.W.K. Luk, C. Kuffeldt and R. Tutledge
(1991): Segregation of random amplified DNA markers in F1 progeny of
conifers. Theor. Appl. Genet., 83: 194-200.

Cavalli-Sforza L. L. (1998). The DNA revolution in population genetics. Trends
Genet. 14:60-65.

Cornuet J.M. and L. Garnery (1991). Mitochondrial DNA variability in honeybees
and its phylogeographical implications, Apidologie 22 (2): 627—642.

Davisb J. (1964) Disc electrophoresis. 11. Method and application to human serum
proteins. Annals of the New York Academy of Sciences 121, 404-427.

De La Rua P., U.E. Simon, A.C. Tide, R.F.A. Moritz and S. Fuchs (2000). MtDNA
variation in Apis cerana populations from the Philippines, Heredity 84 (1):
124-130.

Edwards K.J. (1998): Randomly amplified polymorphic DNAs (RAPDs). In: KARP
A., ISAAC P.G., INGRAM D.S. (eds): Molecular Tools for Screening
Biodiversity. Chapman and Hall, Cambridge, 1: 171-175.

Estoup A.L., M. Solignac, M. Harry and J.M. Cornuet (1993). Characterization of
(GT)n and (CT)n microsatellites in two insect species: Apis mellifera and
Bombus terrestris, Nucleic Acids Research 21(6): 1427-1431.

Franck P., L. Garnery, A. Loiseau, B.P. Oldroyd, H.R. Hepburn, M. Solignac, and J.-
M. Cornuet (2001). Genetic diversity of the honeybee in Africa: microsatellite
and mitochondrial data, Heredity 86:420—430.

Franck P., L. Garnery, M. Solignac and J.-M. Cornuet (2000). Molecular confirmation
of a fourth lineage in honeybees from the near east, Apidologie 31:167—180.

Francoya T. M., P. R. R. Pradoa, L. S. Gongalvesc, L. F. Costa and D. DE Jong
(2006). Morphometric differences in a single wing cell can discriminate Apis
mellifera racial types. Apidologie 37: 91-97.



Biochemical and molecular characterization for three subspecies of honey, A. mellifera L.113

Garnery L., J.-M. Cornuet and M. Solignac (1992). Evolutionary history of the honey
bee Apis mellifera inferred from mitochondrial DNA analysis, Mol. Ecol. 1:
145-154.

Garnery L., M. Solignac, G. Celebrano and J.M. Cornuet (1993). A simple test using
restricted PCRamplified Mitochondrial DNA to study the genetic structure of
Apis mellifera L, Experientia 49(11): 1016-1021.

Garnery L., P. Franck, E. Baudry, D. Vautrin, J.M. Cornuet and M. Solignac (1998).
Genetic diversity of the west European honey bee (Apis mellifera mellifera and
Apis m. iberica), 11 Microsatellite loci, Genetics Selection Evolu., 30(2): 49-74.

Hall H.G. (1990). Parental Analysis of Introgressive Hybridization Between African
and European Honeybees Using Nuclear DNA RFLPs, Genetics 125 (3):
611-621.

Hall H.G.and D.R. Smith (1991). Distinguishing African and European honeybee
matrilines using amplified mitochondrial DNA, Proc. Natl Acad. Sci. USA 88:
4548-4552.

Hallden C., M. Hansen, N. O. Nilsson, A. Hejrdin and T. Sall (1996). Competition as
a source of errors in RAPD analysis. Theor. Appl. Genet., 93: 1185-1192.
Hamrick J. L. (1989). Isozyme and the analysis of genetic structure in plant
population. In: D. E. Soltis, P. S. Soltis [eds.], Isozymes in plant biology.

Dioscorides Press, Portland, Oregon 87—-105.

Heldt W. H. (1997). A leaf cell consists of several metabolic compartments Plant
Biochemistry and Molecular Biology. Institute of Plant Biochemistry, Gottingen
with the Collaboration of Fiona.

Hunt J.G. and E.R. Page (1992). Patterns of inheritance with RAPD molecular
markers reveal novel types of polymorphism in the honey bee, Theoretical and
Applied Genetics 85 (2):15-20.

Ivanova E., M. Bienkowska and P. Petrov (2011). Allozyme Polymorphism and
Phylogenetic RelationsMps in Apis meltifera Subspecies Selectively Reared in
Poland and Bulgaria, Folia biologica, 59: 09-13.

Ivanova E., P. Popov, I. Dobrovolov and P. Terzieva (1998). Dynamics in the
expression of NAD-dependent MDH during apidae) in Bulgaria. Acta zoologica
bulgarica, 50(2/3): 133-139.

Ivanova E., T. Staykova and P. Petrov (2010). Allozyme variability in populations of
local Bulgarian honey bee. Biotechnolog) & Biotechnological Equipment,
24(2):371 - 374.

Jonathan F. W., and N. F. Wendell (1990). Visualization and interpretation of plant
isozyme. In: Isozymes in Plant Biology. D. E. Sdtis and P.S. Sottis (eds).
London Champan and Hall, pp. 5 - 45.

Laemmli U. (1970). Cleavage of structural proteins during the assembly of the head
of bacteriophage T4. Nature 227: 680-685.

Mailer R.J., R. Scarth and B. Fristenski (1994). Discrimination among cultivars of
rapeseed (Brassica napus L.) using DNA polymorphisms amplified from
arbitrary primers. Theor. Appl. Genet., 87: 697-704.

Magnus R. M., A. D. Tripodi and A. L. Szalanski (2011). Mitochondrial DMA
diversity of honey bees, Apis mellifera L. the United States. J. Apic. Sci., 55(1):
37-46.

Moritz R.F.A., C.F. Hawkins, R.H. Crozier and A.G. McKinley (1986). A
mitochondrial DNA polymorphism in honey bees (Apis mellifera L.),
Experientia 42: 322-324.



114 Saadya M. El-Bermawy

Nei M. and W. H. Li (1979). Mathematical model for study genetic variation in terms
of restriction endonucleases. Proc. Natl. Acad. Sci. USA. 74: 5267-5273.

Nunamaker R.A. and W.T. Wilson (1982). Isozyme changes in the honeybee Apis
mellifera L. during larval morphogenesis, Insect Biochemistry 12 (1): 99-104.

Oldroyd B.P., J.M. Cornuet, D. Rowe, E.T. Rinderer and R.H. Crozier (1995). Racial
admixture of Apis mellifera in Tasmania, Australia: similarities and differences
with natural hybrid zones in Europe, Heredity 74: 315-325.

Pedersen B.V. (1996). On the phylogenetic position of the Danish subspecies of the
black honeybee (the Laeso bee), Apis mellifera mellifera L. (Hymenoptera:
Apidae) inferred from mitochondrial DNA sequences, Entomology Scandinevia
27: 241-250.

Reiter R.S., J.G.K. Williams, K.A. Feldmann, J.A. Rafalksi, S.V. Tingey and P.A.
Scolnik (1992). Global and local genome mapping in Arabidopsis thaliana by
using recombinant inbred lines and random amplified polymorphic DNAs. Proc.
Natl. Acad. Sci. USA, 89: 1477-1481.

Ruttner F. (1988). Biogeography and taxonomy of honeybees, Springer Verlag,
Berlin, 284 p.

Ruttner F. (1992). Naturgeschichte der Honigbienen, Ehrenwirth Verlag, Miinich,
Germany. 357 pp

Sambrook J. M.; E. F. Fritsch and T. U. Maniatis (1989). Molecular Cloning: a
laboratory manual. 2nd ed. N.Y., Cold Spring Harbor Laboratory, Cold Spring
Harbor Laboratory Press,. 1659 p. ISBN 0-87969-309-6.

Scandalios J.C. (1964). Tissue specific isoenzyme variations in maize. J. Hered. 55:
281-285.

Schiff N. M. and W. Sheppard (1995). Genetic Analysis of Commercial Honey Bees
(Hymenoptera: Apidae) from the Southeastern United States. Economic
Entomology 88(5): 1216-1220

Sheppard W.S. (1997). Subspecies of Apis mellifera, in: Morse R.A., Flottum K.
(Eds.), Honey Bee Pests, Predators and Diseases, A.l. Root Co., Medina, OH,
USA, pp. 519-533.

Sheppard W.S., M.C. Arias, A. Grech and M.D. Meixner (1997). Apis mellifera
ruttneri, a new honey bee subspecies from Malta, Apidologie 28: 287-293.
Sheppard W.S. and M. D. Meixner (2003). Apismelliferapomonella, a new honey bee
from the Tien Shan Mountains of Central Asia. Apidologie 34: 367-375. DOI:

10.1051/apido:2003037

Smith D.R. (1991). Mitochondrial DNA and Honey Bee Biogeography, in: Smith
D.R. (Ed.), Diversity in the Genus Apis, Westview, Boulder, Colorado, USA,
pp. 131-176.

Smith D.R., O.R. Taylor and W.M. Brown (1989). Neotropical Africanized
honeybees have Africanmitochondrial DNA, Nature 339: 213-215.

Stegemann H., A.M. Afify and K.R. Hussein (1985). Cultivar identification of dates
(Phoenix dactylifera) by protein patterns. Proc. 2™ Int. Symp. Biochem. Appr.
Ident. cult., 44. Brounschweig, Germany.

Suazo A., R. McTiernan, and H. G. Hall (1998). Differences Between African and
European Honey Bees (Apis mellifera L.) in Random Amplified Polymorphic
DNA (RAPD). Journal of Heredity, 89:32-36

Tares S, J. M. Cornuet and P. Abad (1993). Characterization of an Unusually
Conserved Alu I Highly Reiterated DNA Sequence Family From the Honeybee
Apis mellifera, Genetics 134 (2): 1195-1204.



Biochemical and molecular characterization for three subspecies of honey, A. melliferaL.115

Tendero B. J. T.; H.L. Gaza and R.N. Tandang (2007). Isozyme analysis of the
genetic variation in populations of European honeybee Apis mellifera carrica P.
from selected apiaries. Philippine Entomologist. 21 (2): 159-172

Tinker N.A., M.G. Fortin and D.E. Mather (1993). Random amplified polymorphic
DNA and pedigree relationships in spring barley. Theor. Appl. Genet., 85: 976—
984.

Tong F. D., Q. M. Wang and Y. H. Liu (2002). GENETIC DIFFERENCES IN PATTERNS OF
EST ISOZYMES AND GENOTYPES OF MDH ISOZYMES IN FOUR SUBSPECIES OF APIS
MELLIFERA. Acta Zoologica Sinica.

Vagner M. C. and C. Da Cruz-Landim (2004). Electrophoretic Protein Pattern and
Acid Phosphatase Activity in the Midgut Extracts of Apis mellifera L.
(Hymenoptera: Apidae) During Metamorphosis. Neotropical Entomology
33(2):169-172

Weeden N.F. and J.F. Wendel (1990). Genetics of plant isozymes, In D.E. Soltis and
P.S. Soltis (eds.), Isozymes in plant biology, 46-72. Chapman and Hall, London.

Wendel J.F. and N.F. Weeden (1989). Visualization and interpretation of plant
isozymes, In D.E. Soltis and P.S. Soltis (eds.), Isozymes in plant biology, 5-45.
Dioscorides Press, Portland, Oregon, USA.

Williams J.G.K., A.R. Kubelik, K.J. Livak, J.A. Rafalski and S.V. Tingey (1990).
DNA polymorphisms amplified by arbitrary primers are useful as genetic
markers. Nucleic Acids Res. 18: 6531-6536.

Yu F. and L. Jian-ke (2009). Comparative Analysis of Proteome Between Drone
Eggs of High Royal Jelly Producing Bees (Apis mellifera L.) and Native Italian
Bees (Apis mellifera L.). Scientia Agricultura Sinica. 42(7):2552-2563

Zalat S. A., A. 1. Abouzeid and M. Abd El-Aal. (2002). Protein pattern of the
honeybee venoms of Egypt. Egyptian Journal of Biology, Volume 4: 42-46

Zeidler M. (2000). Electrophoretic Analysis of Plant Isozymes. Biologica 38:7-17

ARABIC SUMMARY

LS 1 A)) Lpdebea sl o) Jad S (g a8 AT el g g sbasS guall a5
" waa gé ((5-‘.-&“ M _Z\A.'\%Y‘

w&uﬁhmﬁ_&mﬂ&Qﬁj@-miﬁuﬂidﬁ-éjuﬁl\w%uu
oty ek s 101 A i ]l ) sl el

\.J.ﬂ\cla.ﬂo)au\ (.u).\\ g_a);cl.ud‘duj‘\_\m}\)!\ g_ng_aLu]\Jg_a\_u.\}).\ﬂ‘s.\)@ﬁ\ .\.U.ul\ g_al_us.ag_m.l;.u\
duad 4.;.\;\]\4_\.1\.;.»&: MJ) \)gﬂgl&nu»u\d@\dmuy@wubuymmmﬂu\w ).\SA\
LA&.\;J\)JUJMJ\UAWM&_}M})AHGJ%SS\L)SJ\ Lug_ﬂ;.m.XSJ LLU)A}LJ}LA.\S).U LS-‘-‘-"
o 838 a3 45 5518 2 i SNy Jail s (5 maall B £ Y ilaney %42 18 o
)J.\AMS})JJ\?.\).}\\Luwhﬂ\wWMM}Y\u@w@)@ﬁ\.\.USJ\)@J:\J.‘JS g_u.:).\l\
G 151 o 1nS Tl Tl pie 5 S Ll sl 5yl sy 30 305 el Lai %667 s (53
MJLSJAAAM&)J”GSMP14L€-\A‘4—ULJJA4.A);39U.UUADJ)&JAMPUA28JJ.CJM(.\J&-L\;
bA@JA:\J:\‘)AM\JJUL&»LSSM‘)&LA\e‘);J\bAAA_l‘).\.u:\iﬂj GJ}.U)SM&}J\GAMLM}‘;LLJ\J\&}J\
u:.\q.uud)m,d\ gl Dliad Cus ;U il e JBAN n Al Al B el <8 MM\&\}M\
saa) g de gana (A (dsi Sl el Gle il sla Lain ¢0.25 W a8 3 S 481 )5 Adlusay G AY) e il
CEle 5 A1 5 50 35 il ledal 5 a5 (8 il o3 BeliS Gl jelaly 0,01 o L A 5 dilsay
) Joilie el Jusal) o iVl & 200 al)



