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The knowledge on the genetic structure of Apis dorsata 1s needed for effective
management and conservation strategies of this species in Malaysia, especially to
prevent over-harvesting of honey. The main objective of this research was to
estimate genetic structure and relatedness of Malaysian A.dorsata populations (2009-
2010) from Terengganu and Kedah using 30 DNA microsatellites. The results
showed that all the loci and sample size were informative for measuring the genetic

variation in A.dorsata aggregations.

The results of genetic structure revealed that there was no significant deviation

Hardy-Weinberg equilibrium and linkage disequilibrium (P>0.05) within and
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between aggregations. Population differentiation coefficient (Fsr) indicated a great
level (Fst>0.15) within five aggregations and a moderate level (Fst=0.095) of genetic
differentiation within an aggregation of Terengganu. A moderate level (Fsr>0.07) of
Fsr was detected within Pedu Lake aggregations. The values of Fsr between
Terengganu 2009 aggregations showed no genetic differentiation (P>0.21), whereas
genetic differentiation was detected (P<0.001) between Terengganu 2010. Pair-wise
of Fsr values between the aggregations, before (2009) and after (2010) migration,
showed that two of three aggregations from Terengganu returned to their nest sites. A

same result was obtained by Pedu Lake aggregations.

Analysis of molecular variance (AMOVA) indicated that the nests within each
aggregation were genetically and statistically distinct, as a result of the restricted
drone congregation areas (DCA) of each aggregation. Amount of misclassification at
assignment tests was in line with the results of Fsy and AMOVA, indicating two of

three aggregations returned to the natal site afetr the migration (2010).

The intra-colony pedigree relatedness values within aggregations showed a low level
of genetic relatedness (0.29). Furthermore, genetic relatedness analyses confirmed
that the queens within the aggregations were genetically different. However,
presence of full and half siblings between same aggregations site before and after
migration supported a probability that a particular aggregation returns to its natal site

after the migration if there are available empty tree timbers. The finding of an
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appreciable level of aggregation fidelity indicated that a comprehensive study with a
large number of aggregations throughout the region would be necessary to provide

concrete proof for this idea.

Finally, the genetic structure and relatedness among the solitary nests from
Terengganu, 2010 showed only one nest pair were headed away by same queens.
However, the finding of an appreciable level of intercolonial relatedness between the
nests of A.dorsata sheds light on a larger sample size of solitary nests which were
found to provide concrete proof for that particular hypothesis. This finding suggests
that the formidable anthropogenic pressures may change the genetic structure of

A.dorsata population in Malaysia, which still needs to be researched on in the future.
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Disember 2012

Pengerusi: Nur Azura B. Adam, PhD

Fakulti : Pertanian

Ilmu berkenaan struktur genetik Apis dorsata adalah penting untuk strategi
pengurusan dan pemuliharaan yang efektif terhadap spesis ini di Malaysia,
terutamanya untuk mengelakkan penuaian madu yang berlebihan. Objektif utama
kajian ini adalah untuk menganggarkan struktur dan keberkaitan genetik populasi
A.dorsata dari Terengganu dan Kedah menggunakan 30 microsatelit DNA.
Keputusan telah menunjukkan bahawa kesemua lokus dan saiz sampel adalah cukup

untuk menganggarkan variasi genetik pada aggregasi A.dorsata.
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Keputusan daripada stuktur genetik telah mendedahkan tiada sisihan yang nyata
(P>0.05) daripada keseimbangan Hardy-Weinberg dan ketidakseimbangan rangkaian
di dalam dan di antara aggregasi. Pekali pembezaan populasi (Fst) menunjukkan
nilai pembezaan genetic yang besar (Fsr>0.15) dalam lima aggregasi dan nilai
pembezaan genetik yang sederhana (Fsp=0.095) dalam satu aggregasi daripada
Terengganu. Aggregasi daripada Tasik Pedu telah menunjukkan nilai Fsr yang
sederhana (Fst >0.07). Nilai Fst di antara aggregasi 2009 daripada Terengganu tidak
menunjukkan pembezaan genetik (P>0.21) manakala pembezaan genetik telah
dikesan di antara aggregasi Terengganu 2010. Perbandingan nilai Fsr di antara
aggregasi yang bermigrasi sebelum (2009) dan selepas (2010) telah menunjukkan
bahawa dua daripada tiga aggregasi daripada Terengganu kembali kepada tapak

sarang mereka. Keputusan yang sama telah diperoleh untuk aggregasi Tasik Pedu.

Analisa variasi molekul (AMOVA) menunjukkan bahawa sarang di dalam dan di
antara setiap aggregasi adalah berbeza secara genetik dan statistic, disebabkan oleh
‘drone congregation areas (DCA) yang terhad dalam setiap aggregasi. Jumlah
kesalahan klasifikasi pada assignment test adalah selari dengan keputusan Fst dan
AMOVA, menunjukkan bahawa dua daripada tiga aggregasi kembali kepada tapak
kelahiran mereka selepas migrasi (2010). Nilai keberkaitan keturunan intra-koloni
dalam aggregasi menunjukkan nilai keberkaitan genetik yang rendah (0.29). Di
samping itu, analisa keberkaitan genetik mengesahkan bahawa ratu dalam aggregasi

adalah berbeza secara genetic. Walau bagaimanapun, kehadiran adik-beradik penuh
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dan separa di antara tapak aggregasi yang sama sebelum dan selepas migrasi
menyokong kebarangkalian bahawa sesetengah aggregasi kembali kepada tapak
kelahiran mereka selepas migrasi jika terdapat balak kayu yang kosong. Kemunculan
paras kesetiaan aggregasi yang ketara menunjukkan bahawa satu kajian yang
menyeluruh dengan bilangan aggregasi yang lebih besar di sepanjang rantau ini

adalah diperlukan untuk memberikan bukti yang kukuh terhadap idea ini.

Akhirnya, struktur genetik dan keberkaitan di antara sarang berasingan daripada
Terengganu, 2010 menunjukkan bahawa hanya satu pasangan sarang yang diketuai
oleh ratu yang sama. Walau bagaimanapun, pencarian tentang paras keberkaitan
yang ketara di antara koloni di antara sarang A.dorsata menyediakan bukti yang
kukuh bahawa saiz sampel sarang yang berasingan telah menyokong hipotesis
tersebut. Keputusan ini menunjukkan bahawa kemusnahan yang dibawa oleh
manusia adalah berkemampuan untuk mengubah struktur genetik populasi A.dorsata

di Malaysia, dan lebih banyak kajian adalah perlu dijalankan pasa masa depan.

viii



ACKNOWLEDGMENTS

Praise be to God for opening doors of opportunity to me throughout my life and for
giving me the strength and health to achieve what I have so far. It has been a

challenging but enriching and memorable journey.

I like to convey my highest appreciation to my supervisory committee, Dr. Nur Azura
Adam, Dr. Lau Wei Hong, Professor Dr. Tan Soon Guan and Professor Dr. Abdul
Manaf Ali for their tremendous support throughout this study and their willingness to
share their knowledge and patience in completing this thesis. My deepest gratitude
goes to Dato Dr. Makhdzir Mardan who supervised me as Chairman, before get
retiring from UPM. A note of special thanks to him for his valuable guidance,
insightful ideas, constructive suggestions, great patience and constant encouragement

throughout this study.

I like to express my sincere appreciation and gratitude to University Sultan Zainal
Abidin (UniSZA), Kuala Terengganu, Malaysia, for providing the facilities for this
research. I am really grateful to the science officers and laboratory assistants of the
Molecular Biology Laboratory, UniSZA, for their corporation. Many thanks to all
my Malaysian friends in UniSZA - especially Mr. Zarizal Suhaili, Ms. Fariha Yahya

and Ms. Halina Mohd Noh- for their great spirits and unbeatable party-souls. You

X



helped me to quickly integrate into my new life in Kuala Terengganu and made me
feel very welcomed. I will miss you all but hope to meet you again somewhere on this

small planet soon.

My thanks also go to the local honey hunters for their assistance in bee sampling.
Without their help, this study would not have been possible. It has been a challenging
but rewarding experience, collecting samples from the rainforests during the days and

midnights.

I would also like to convey my appreciation to Professor B. Oldroyd of the University
of Sydney, Professor M. Nei of the Pennsylvania State University and Professor J.
Wang of the Zoological Society of London, Mr. Mahmudreza Shabani Mofrad of
Crop Science Department, UPM for their valuable advice on the use of related

software packages for the data analysis.

My heartfelt thanks and appreciation goes to my beloved family, whom I am thankful
for their love, continuous support, understanding and encouragement throughout the

course of my study.



I certify that an Examination Committee has set on 27 December 2012 to conduct the
final examination of Najmeh Sahebzadeh on her Doctor of Philosophy thesis entitle
“GENETIC STRUCTURE OF GIANT HONEYBEE (APIS DORSATA
FABRICIUS) POPULATION IN PENINSULAR MALAYSIA” in accordance with
Universiti Pertanian Malaysia (Higher Degree) Act 1980 and Universiti Pertanian
Malaysia (Higher Degree) Regulation 1981. The committee recommends that the
candidate be awarded the Doctor of Philosophy.

Members of the Examination committee are as follows:

Dzolkhifli Omar, PhD
Professor

Faculty of Agriculture
University Putra Malaysia
(Chairman)

Ahmad Said b Sajap, PhD
Professor

Faculty of Forestry
University Putra Malaysia
(Internal Examiner)

Faridah Binti Qamaruz Zaman, PhD
Associate Professor

Faculty of Science

University Putra Malaysia

(Internal Examiner)

Peter G. Kevan, PhD

Professor

School of Environmental Studies
University of Guelph (Canada)
(External Examiner)

SEOW HENG FONG, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date: 2013

X1



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Nur Azura B. Adam, PhD
Senior lecturer

Faculty Agriculture
Universiti Putra Malaysia
(Chairman)

Lau Wei Hong, PhD
Senior lecturer

Faculty Agriculture
Universiti Putra Malaysia
(Member)

Tan Soon Guan, PhD

Professor

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Member)

Abdul Manaf Ali, PhD

Professor

Faculty of Agriculture and Biotechnology
Universiti Sultan Zainal Abidin
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

Xii



DECLARATION

I declare that the thesis is my original work except for quotations and citations, which
have been duly acknowledged. I also declare that it has not been previously or
concurrently submitted for any other degree at UPM or other institutions.

NAJMEH SAHEBZADEH

Date: 27 December 2012

Xiii



TABLE OF CONTENT

Page
ABSTRACT iii
ABSTTRAK vi
ACKNOWLEDGMENTS ix
APPROVAL xi
DECLARATION xiii
LIST OF TABALES XX1
LIST OF FIGURES XX1V
LIST OF ABBREVIATIONS XXV
CHAPTER
1 INTRODUCTION 1
1.1 Background 1
1.2 The Problem Statement: Significance of the Study 2
1.3 Research Objectives and Hypotheses 3
2  LITERTURE REVIEW 5
2.1 Taxonomic status of Apis species 5
2.2 Importance of A.dorsata in Malaysia Rainforests 6
2.3 Economic Aspects of A.dorsata in Malaysia 8
2.4 Distribution of A.dorsata World wide 10
2.5 Distribution of A.dorsata in Malaysia 10

2.6 Biology of A.dorsata 13

X1V



2.7 Behavioural Characteristics of A.dorsata

2.7.1 Bee Curtain

2.7.2 Nesting Biology

2.7.3 Nocturnal Foraging

2.7.4 Swarming and Colony Relatedness

2.7.5 Seasonal Migration

2.8 Molecular Markers

2.8.1 Microsatellites for Studying Population Genetics of Apis

2.9 Measures of Genetic Variation

2.10

2.11

2.9.1 Number of Observed Alleles (Allele Richness)
2.9.2 Effective Number of Alleles

2.9.3 Heterozygosity (Gene Diversity)

2.9.4 Genetic Polymorphism or Polymorphism Information

Content (PIC)

Measures of Genetic Structure

2.10.1 Hardy-Weinberg Equilibrium Test (HWE)
2.10.2 F Coefficients

2.10.3 Population Assignment Tests

2.10.4 Number of Migrant (N,,)

2.10.5 Analysis of Molecular Variance (AMOVA)

Genetic Relatedness (R)

GENERAL METHODOLOGY

3.1 Introduction

XV

19
20
21
24
26
28
32
36
47
48
48

49

50

51
51
52
53
53
54

55

56

56



3.2

3.3

3.4

3.5
3.6

3.7

3.8

Study Sites and Their Nature

3.2.1 Pedu Lake (Kedah)

3.2.2 Marang District (Terengganu)

Samples

Genotyping

3.4.1 DNA Extraction

3.4.2 PCR Amplification

Polyacrylamide Gel Preparation

Casting the Gel Solution

3.6.1 Denaturing of the Gel (Pre-Run Step)

3.6.2 Sample Loading and Running Electrophoresis
3.6.3 Silver Staining Protocol

Determination of the Inferred Genotypes of Queens and Drones

Statistical Analysis

ESTIMATING THE LEVELS OF GENETIC VARIATION
WITHIN AND BETWEEN THE AGGREGATIONS OF APIS
DORSATA IN MALAYSIA

4.1

4.2

Introduction

Methodology

4.2.1 Number of Alleles (N,)

4.2.2 Effective Number of Alleles (N,)
4.2.3 Heterozygosity

4.2.4 Allele Frequencies

Xvi

57
57
58
59
60
60
61
65
67
67
68
68
69

70

71

71
72
72
73
73

74



4.2.5 Polymorphism Information Content (PIC) 74

4.3 Results and Discussion 75
4.3.1 Within Aggregations (Intra-Aggregation) 75
4.3.1.1 Number of Alleles (N,) 75

4.3.1.2 Effective Number of Alleles (N.) 76

4.3.1.3 Allele Frequencies and Heterozygosity (He) 79

4.3.1.4 Polymorphism Information Content (PIC) 82

4.3.2 Between Aggregations (Inter-Aggregation) 85
4.3.2.1 Number of Alleles (N,) 85

4.3.2.2 Effective Number of Alleles (N.) 89

4.3.2.3 Heterozygosity (He) 90

4.3.2.4 Polymorphism Information Content (PIC) 91

4.4 Conclusion 92
GENETIC STRUCTURE OF APIS DORSATA 94

AGGREGATIONS FROM MARANG, TERENGGANU AND
PEDU LAKE, KEDAH (MALAYSIA 2009-2010)

5.1 Introduction 94
5.2 Methodology 96
5.3 Results and Discussion 98
5.3.1 HWE and Linkage Disequilibrium tests 98
5.3.2 F Coefficients 102
5.3.2.1 Within Aggregations (Intra-Aggregation) 102

5.3.2.2 Between Aggregations (Inter-Aggregation 108

XVvil



e Between Terengganu Aggregations
¢ Between Pedu Lake Aggregations

e Between Terengganu and Pedu Lake

Aggregations

5.3.3 Number of Migrant (Ny,)

5.3.3.1 Within Aggregations (Intra-Aggregation)

5.3.3.2 Between Aggregations (Inter-Aggregation)
5.3.4 Analysis of Molecular Variance (AMOVA)

5.3.4.1 Terengganu Aggregations

5.3.4.2 Pedu Lake Aggregations

5.3.4.3 Between Terengganu and Pedu Lake Aggregations
5.3.5 Population Assignment Tests

5.4 Conclusion

GENETIC RELATEDNESS WITHIN AND BETWEEN THE
AGGREGATIONS OF APIS DORSATA FROM MALAYSIA

6.1 Introduction
6.2 Methodology

6.3 Results and Discussion

6.3.1 Relatedness Within Aggregations (Intra-Aggregation

Relatedness)

6.3.1.1 Intra-colony Pedigree Relatedness (r)

6.3.1.2 Comparison Queen Inferred Genotypes

XViil

108

117
119

121
121
124
127
128
129
131
134

138

143

143
145

146

146

146

148



6.3.1.3 Sib-ship Construction

6.3.2 Relatedness Between Aggregations (Inter-Aggregation
Relatedness)

6.3.2.1 Comparison Queen Inferred Genotypes
6.3.2.2 Sib-ship Construction

6.4 Conclusion

7  GENETIC RELATEDNESS OF LOW SOLITARY NESTS OF
APIS DORSATA FROM MARANG, TERENGGANU,
MALAYSIA

7.1 Introduction
7.2 Methodology
7.2.1 Sampling, DNA extraction and PCR amplification
7.2.2 Statistical Analysis
7.3 Results and Discussion
7.3.1 Microsatellite Amplification and Genetic Variation
7.3.2 Genetic Structure

7.3.3 Population Genetic Differentiation

7.3.4 Genetic Relatedness among the Solitary Nests of

A.dorsata

7.4 Conclusion

8  GENERAL DISCUSSION, CONCLUSION AND SUGGESTIONS
FOR FUTURE WORKS

REFFERENCES

X1X

152
154

154
156

161

163

163
167
167
169
170
170
173

173
174

179

180

185



APPENDICES 218
BIODATA OF STUDENT 228

LIST OF PUBLICATIONS 229

XX



	GENETIC STRUCTURE OF GIANT HONEYBEE (Apis dorsata Fabricius)POPULATION IN PENINSULAR MALAYSIA
	ABSTRACT
	TABLE OF CONTENT
	CHAPTER
	REFERENCES



