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ABSTRACT

ABSTRACT

MtDNA based RFLP-PCR technique was adopted, in
conjunction with morphometric analysis to differentiate
between three pure subspecies of A. mellifera collected
from Egypt. A subset of 17 different measurements in the
right fore- and hind- wings, were selected for comparison
of the morphometrics of the studied honeybee subspecies,
A. m. lamarkii, A. m. ligustica, and A. m. carnica. The
statistical analysis revealed high weights for only 9
characters, grouping the three subspecies, which were the
length of the right fore wing, widths of the right fore- and
hind- wings, angles (B4, E9, J16, L13, & D7) and the
cubital index of the right fore wing. Four mtDNA segments
from Co I, Cyt b, IsrRNA genes & Co I-Co Il intergenic
region, were amplified and digested with 7 restriction
enzymes, Hinf I, EcoR I, EcoR V, Taq I, Bgl I, Dra | and
Xba I, for RFLPs. Co I/Hinf I restriction pattern is found to
be specific for A. m. lamarkii, Cyt b/Dra | marked A. m.
carnica and Co I-Co II/Xba I for A. m. ligustica. Co I-Co
[1/Xba I test is valuable, for the amplified Co I-Co Il length
polymorphism which discriminate Eastern European
subspecies from Egyptian one and when digested with Xba
I, it differentiated between the European, Italian and
Carniolan, subspecies. Another discrimination test, which
could be utilized, was the PCR amplification of the Cyt b
gene fragment, followed by digestion with 2 restriction
enzymes Hinf | and Dra |, as an independent test or to
verify the previous test.
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ligustica - Apis mellifera carnica - Morphometrics -
ANOVA statistics - Stepwise statistics - MtDNA -
cytochrome oxidase | - large subunit ribosomal RNA -
Cytochrome b - Cytochrome oxidase [|-Cytochrome
oxidase Il intergenic region - RFLP-PCR.



ACKNOWLEDGEMENTS

First of all thanks to ""Allah™ to whom | relate any
success in achieving any work in my life.

| wish to express my deepest appreciation and respect
to Prof. Dr. Ahmed Hassan Kaschef, Professor of
Entomology for suggesting the problem, the critical review
of the manuscript and his kind supervision.

My sincere thanks go to Prof. Dr. Mohamed Sayed
Salama Professor of Molecular Entomology and Dean of
Faculty of Science for suggesting the problem, his excellent
ideas, energetic guidance, constructive discussion and close
supervision.

| am also particularly indepted to Prof. Dr. Akila El
Shafi, Professor of Entomology and Head of Entomology
Departement for her generous assistance and guidance.

| wish to thank Prof. Dr. Mohamed Amin Quinawy
Professor of Entomology for his help and advise.

| am greatly thankful for Prof. Dr. Hassan
Hamadna Allah Professor of Taxonomy for his wise advise
and continous encouragement.

| would like to express my deep thanks to Prof. Dr.
Ahmad Saad Abou Zeid, Professor of Entomology for his
help and informations about honeybees.

Finally, I wish to thank Dr. Emad Nafae, Honeybees'
Research Center, Plant Protection Institute for his help in
honeybees' collections.



Biography

Name: Shireen Ahmad Mahmoud.

Degree awarded: B.Sc. (Entomology).

Departement: Entomology.

Faculty: Science.

University: Ain Shams University.

Date of

Graduation: May, 2003.

Occupation: Demonstrator, Department of

Entomology, Faculty of Science, Ain

Shams University.

Date of Appointement: April, 2004.

Date of reqgisteration
For the M.Sc. Degree: April, 2006.




Mitochondrial DNA-Based Identification, of the

Honeybee (Apis mellifera Linnaeus) Subspecies in

Egypt

Board of Supervision:

Prof. Dr. Ahmed Hassan Kaschef

Professor of Entomology (D.Sc.) , Faculty of Science,

Ain Shams University.

Prof. Dr. Mohamed Sayed Salama
Professor of Molecular Biology, Dean of Faculty of Science,

Ain Shams University.



CONTENTS

CONTENTS

ACKNOLEDGMENTS

Abstract

List of Tables

List of Figures

List of Abbreviations

. INtroduction......cccoveiiiiniiiiniiiinnricnnncccnnnnns

I1. Literature RevieW.....ccccoiiieeiiiiiiiineniicennnnnnn.
1. Geographic Distribution of Honeybee
Subspecies.......cooviiiiiiiii

a. Old World Honey Bees: Evolutionary
Lineages.......cooviiiiiiii i,

b. New World Honey Bees.........................

2. Morphometric studies.................c.ooeveeee.ai.

3. Molecular studies.............ccoevviiiiiiine.n

I11. Materials and Methods........cccocevveiiininnnnnnn.
1. Samples collection and storage methods.............
2. Morphometric analysis.................oooiinan,
a. Statistical analysis................cooeiiiin...
3. Molecularanalysis.............c.ocoooiiiiii i,
a. DNA isolation and preparation....................

b. PCR-RFLP technique.................ccoieeiee,

I. PCR Primers and Reagents............cc.c.....
Ii. PCR reaction conditions......................

iii. The PCR Temperature profiles.............

1v. Restriction analysis...........................

c. Agarose gel electrophoresis.....................

IV, ReSUItS.ciieiiiiiiiiiiiiiiitireeeeereeeeereccscneccnones

Pages

10
21

40
40
40
44
45
45
49
50
52
53
54
58

60



CONTENTS

1. Morphometric results.............cccooeiviiineinnnnn.
a. Comparisons between honeybee subspecies...

b. Weights and comparisons of studied
characters..........coooiiiiiiiii

2. Molecular results............ccoooviiiiiiiiiiii,
a. RFLP analysis of Co I amplified region........

b. RFLP analysis of the ISrRNA amplified
10575 (0] 1 DO

c. RFLP analysis of Cyt b amplified region......

d. RFLP analysis of Co I — Co Il intergenic
amplified region.......................... ..

V. DISCUSSION. ....vtitiii it
1. Morphometric studies...................oooieee. .

2. Molecular studies..............ooviiiiiiiiiiiien.

a. MtDNA Extraction.................cooeiinnn.

b. RFLP Studies.............ooooiiiiiii .

I. RFLPS of Co | amplified region................

Ii. RFLPs of IsSrRNA amplified region..........

Iii. RFLPs of Cytbamplified region...........

iv. RFLPs of Co | - Coll region...............
C.Conclusions.........coiviiii

VI SUMMAY...ctiiiiiiintiiiiiiennrricsieenssrccscennnsces
VII. References.....ccccevieiiiniiiieiiineciineiineennneee
VIII. Arabic SUummary......ccceeeeeieennrieciinnnnnenn.

Pages

60
60

69
85
86

90
92

97

102
104
110
110
110
115
116
116
120
123
124

126
129
154



LIST OF TABLES

LIST OF TABLES

pages

Table (1): Morphometric characters measured in the
right fore- and hind- wings of A. m.
lamarkii, A. m. ligustica, and A. m.
carnica honeybee subspecies............... 41

Table (2): List of amplified regions, from A. m.
lamarkii, A. m. ligustica & A. m. carnica
mtDNA, their primers, and references..... 50

Table (3): PCR reaction components and their
volumes, for each amplified region on the
mtDNA of A. m. lamarkii, A. m.
ligustica & A. m.carnica.................... 52

Table (4): Restriction enzymes applied on different
amplified regions, from A. m. lamarkii,
A. m. ligustica & A. m. carnica mtDNA,
with references.............ccooeviiiiinn. 54

Table (5): Restriction enzymes applied on different
amplified regions from A. m. lamarkii, A.
m. ligustica & A. m. carnica mtDNA,
their Recognition site, and temperature
required for their optimum activity......... 55

Table (6): Restriction reaction mixture components,
for each of the PCR products amplified
from A. m. lamarkii, A. m. ligustica & A.
m. carnica mtDNA, and their volumes.... 56



LIST OF TABLES

pages

Table (7): List of restriction enzymes applied on
different amplified regions, from A. m.
lamarkii, A. m. ligustica & A. m. carnica
mtDNA, and their temperature profile
required for enzymatic digestion............... 57

Table (8): Mean values + standard errors, minimum
& maximum (range) of different
morphometric characters measured from
A. m. lamarkii, A. m. ligustica & A. m.
carnica subspecies.................oeeinns 61

Table (9): Tests of Equality of Group Means for the
17 morphometric characters measured
from the A. m. lamarkii, A. m. ligustica
& A. m. carnica honeybee subspecies..... 63

Table (10): Eigenvalues for Discriminant function
analysis of the 17 morphometric
characters measured from A. m.
lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies............... 64

Table (11): Wilks' Lambda for Discriminant
function analysis of the 17 morphometric
characters measured from A. m.
lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies............... 65

Table (12): Standardized Canonical Discriminant
Function Coefficients of the 17
morphometric characters measured from
A. m. lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies............... 65



LIST OF TABLES

pages

Table (13): Classification results of A. m. lamarkii
A. m. ligustica & A. m. carnica
honeybee subspecies depending on the
17 morphometric characters measured..... 68

Table (14): Stepwise Statistics for the 17 morpho-
metric characters measured from A. m.
lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies............... 70

Table (15): Tests of Equality of Group Means for
each step resulted from the stepwise
analysis which carried on the 17
morphometric characters, measured from
A. m. lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies............... 77

Table (16): Pairwise group comparisons of A. m.
lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies depending
on characters of each step of the stepwise
analysis carried on the measured, 17
morphometric characters.................... 78

Table (17): Eigenvalues for DFA of the 9
morphometric characters, measured from
A. m. lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies, resulted
from stepwise analysis...................... 81

Table (18): Wilks' Lambda for DFA of the 9
morphometric characters, measured from
A. m. lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies, resulted
from stepwise analysis...................... 81



LIST OF TABLES

pages

Table (19): Standardized Canonical Discriminant
Function Coefficients of the 9 chosen
morphometric characters, which
measured from A. m. lamarkii, A. m.
ligustica & A. m. carnica honeybee
subspecies, resulted from stepwise
analysis.........cooiiiiii 82

Table (20): Classification results of the A. m.
lamarkii, A. m. ligustica & A. m. carnica
depending on the 9 chosen morphometric
characters resulted from stepwise
analysis..........oooiiiii i, 84

Table (21): Specificity of restriction site poly-
morphisms for the three subspecies
studied, A. m. lamarkii, A. m. ligustica &

A M. CarNICa. ..o, 101



LIST OF FIGURES

LIST OF FIGURES
Pages

Figure (1): The length and width of the right fore- and
hind- wings measured from A. m.
lamarkii, A. m. ligustica, and A. m.
CAMICA. ..., 43

Figure (2): Right forewing showing cross vennation
joined together making specific angles
measured from A. m. lamarkii, A. m.
ligustica, and A. m. carnica...................... 43

Figure (3): Canonical discriminant functions plots of
A. m. lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies depending
on the 17 morphometric characters
measured.........ooooviiiiiiiiiiee 67

Figure (4): Canonical discriminant functions plots of
A. m. lamarkii, A. m. ligustica & A. m.
carnica honeybee subspecies depending
on the 9 chosen characters resulted from
stepwise analysiS.............cocoeeviiininnnnn. 83

Figure (5): Co | amplified region in the three
honeybee subspecies A. m. ligustica, A.
m. carnica, and A. m. lamarkii............. 86

Figure (6): Co | amplified region after digestion with
Hinf | restriction enzyme showing
different restriction patterns in the
Egyptian (A. m. lamarkii), and the
Eastern European (A. m. carnica & A. m.
ligustica) honeybee subspecies............. 88



LIST OF FIGURES

Pages

Figure (7): Co | amplified region after digestion with
EcoR V restriction enzyme in the three
honeybee subspecies A. m. ligustica, A.
m. carnica, and A. m. lamarkii............. 89

Figure (8): IsrRNA amplified region in the three
honeybee subspecies A. m. ligustica, A.
m. carnica, and A. m. lamarkii............. 90

Figure (9): IsrRNA amplified region after digestion
with EcoR | restriction enzyme showing
different restriction patterns in the
Egyptian (A. m. lamarkii), and the
Eastern European (A. m. carnica & A. m.
ligustica) honeybee subspecies.............. 91

Figure (10): Cyt b amplified region in the three
honeybee subspecies A. m. ligustica, A.
m. carnica and A. m. lamarkii............. 92

Figure (11): Cyt b amplified region after digestion
with Tag | restriction enzyme showing
restriction patterns in the Egyptian (A. m.
lamarkii), and the Eastern European (A.
m. carnica & A. m. ligustica) honeybee
SUDSPECIES....oeverereereereeteeteeeerere e 93

Figure (12): Cyt b amplified region after digestion
with Bgl Il restriction enzyme showing
restriction patterns in the Egyptian (A. m.
lamarkii), and the Eastern European (A.
m. carnica & A. m. ligustica) subspecies. 94



LIST OF FIGURES

Pages

Figure (13): Cyt b amplified region after digestion
with Hinf | restriction enzyme showing
different restriction patterns in the
Egyptian (A. m. lamarkii), and the
Eastern European (A. m. carnica & A. m.
ligustica) subspecies.......................... 95

Figure (14): Cyt b amplified region digested with Dra
| restriction enzyme showing different
restriction patterns of the three honeybee
subspecies (A. m. lamarkii, A. m. carnica
& A.m. ligustica)..............cooeeinnn.n 96

Figure (15): Co I-Co Il amplified region in the three
honeybee subspecies A. m. ligustica, A.
m. carnica, and A. m. lamarkii............. 97

Figure (16): Co I1-Co Il amplified region after
digestion with Xba 1 restriction enzyme
showing restriction patterns in the three
honeybee subspecies (A. m. lamarkii, A.

m. carnica & A. m. ligustica)............... 98

Figure (17): Co I-Co Il amplified region after
digestion with Hinf I restriction enzyme
showing different restriction patterns in
the Egyptian (A. m. lamarkii), and the
Eastern European (A. m. carnica & A. m.
ligustica) subspecies.......................... 99

Figure (18): Co I-Co Il amplified region after
digestion with Dra | restriction enzyme
showing different cleavage patterns in the
three honeybee subspecies (A. m.
lamarkii, A. m. carnica & A. m.
ligustica).......ccoovviiiiiiii 100



LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS

A :African honeybee type

A.m. :Apis mellifera

ang.A4 :Angle A4

ang.B4 :Angle B4

ang.D7 :Angle D7

ang.E9 :Angle E9

ang.G18 :Angle G18

ang.J10 :Angle J10

ang.J16 :Angle J16

ang.K19  :Angle K19

ang.L13  :Angle L13

ang.N23  :Angle N23

ang.026  :Angle O26

ANOVA  :Analysis Of Variance

ATPase :Adenine Tri Phosphatase

bp -base pair

C :South Eastren European honeybee type
COlI :Cytochrome Oxydase Subunit | Gene
COIl :Cytochrome Oxydase Subunit Il Gene
CO I :Cytochrome Oxydase Subunit 111 Gene
COI-COIlIl :Intergenic Regin  between Cytochrome

Oxydase Subunit I and Cytochrome Oxydase
Subunit 1l



