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CHAPTER1

INTRODUCTION

1.1 Stingless bee biology
1.1.1 Division of labor

Social life in the stingless bees involves division of labor which is similar to
that in honeybees: very young bees start to,weork with wax and cerumen, away from
the brood nest, then some of them shifts towards building and provisioning brood
cells, during which period eggs -may be laid. From brood care they go to foraging:
first they receive incomingneetar and dehydrate it before becoming actual foragers
(Bassindale, 1955; Velthuis, 1997). Only the females are divided into castes which are
queens and workers. They are/ morphologically very different. Stingless bees are
highly eusocial. The queen is/unable ito l-niJvei. alone nor do workers alone form viable
colonies because the guicen never foragés_ and workers can not mate and produce
female off-spring (Michener, 2-00‘7). Thle-:_; ({ifferent activities among workers are
related to ages. The sequence of tasks i;l""_WQI‘kel‘S i1s divided into five stages as
follows: (1) self-grooming (durmg the first hours after emergence from the pupae); (2)
incubation and repairs in the brood chamber (3) constfuction and provisioning of
cells, cleaning of the' nest, and feeding young adults and the queen; (4) further
cleaning of the nest, reconstruction of the involucrum, réception of nectar, and guard
duty at the entrance of nest;.(5) collection of pollen, nectar, and propolis. The duration
of of each stage depends on the species and on the condition of the colony (Wille,

1983).
1.1.2.' Nest architecture of stingless bees

The nests of stingless bees are more elaborate and complex than those of most
other bees. Their nesting sites are diverse. Nests of most species are built within
protective cavities such as hollow trees or in the ground. Some species establish nests
within nests of termites or ants. Few species build their nests in exposed positions
(Roubik, 1979; Sakagami et al., 1983; Sakagami et al., 1989; Sommeijer, 1999). In
general term, stingless bees may build solid batumen plates to shield and protect the

colony. Nests are then constructed using wax in a mixture with resins or gum, mud,



feces, or other materials collected by the bees. The nest entrance provides access into
the nest where the brood is located. A mixture of wax with resins, which is called
cerumen, is used to build involucrum sheaths as a protective layer or sheath around
the brood chamber, called brood involucrum, or around the whole colony, called
external involucrum, including the storage vessels for honey and pollen (Figure 1.1).
In principle, there are two cell types in nest of stingless bees: brood cell and storage
pots (Figure 1.2). Brood cells can be clustered or arranged in combs that are usually
positioned in a horizontal plane. Outside the brood involucrum, small pots with food
provisions are built in clusters. All of these n€siseharacteristics are variable across the
stingless bees (Michener, 1961; Wille and Michener, 1973; Sakagami, 1982; Wille,
1983; Roubik, 20006).

1.1.3 Foundatioh ofhew colonies and mating

Stingless bees produce swarms ;vx;hich are different process from that of
honeybees (Kerr, 1951;/Kerr et al., 1962)-. The process of swarming starts with
transferring nest material and foed firom tﬁe old nest. When the new queens emerge,
they together with swarms of workers leave to new nest sites, and males wait there in
anticipation (Velthuis et al., 2005} Afterw?af&f,—nf the new queens fly out for a single
mating, followed by hundreds of males'*(Peiers et al., 1999). Then, brood cell
construction and ovipesition.arc started. in the new nest (Meoure et al., 1958, Sakagami
1982, Inoue et al., 1984). The recent report reveals-that males are produced by
workers (T6th et al., 2004). Subsequently, the bond between the mother and daughter
colony slowly degrades, (Willes; 1983).

1.2 Distribution of stingless bees

Stingless beds belong to the tribe Meliponinitin the family Apidae along with
honeybegs, carpenter bees, orchid bees, and bumblebees. Relevant evidence suggests
that the stingless bees have a center of origin and dispersion in Africa and migrated to
tropical and subtropical regions around the world, such as Southeast Asia, Australia,
parst of Mexico and Brazil (Michener, 1974; Sakagami, 1982; Michener, 1990; 2007)
(Figure 1.3). Stingless bees are the most diverse in morphology and behavior of the

eusocial bees. They live in permanent colonies and multiply through a process of



swarming. Colony size is diverse and ranges from a few dozen to 100,000 or more

individuals (Michener, 2007).

Today, over 600 species in 56 named genera live in tropical and subtropical
areas of the world (Cortopassi-Laurino et al., 2006). Melipona and Trigona are the
most important genera. Melipona, including approximately 50 species restricted to the
neotropic regions, has more complex communication systems (Nieh and Roubik,
1995). It is able to buzz pollinate (ejecting pollen grains by vibration of the pollen-
bearing anthers of flowers that dehisce polien.through pores) (Buchmann, 1995).
Trigona is the largest and most widely Sijstributed genus more than 120 species in ten
subgenera from the Indo-Malayvan/Australasian and Neotropical regions (Michener,
2007). Recently, Rasmussen (2008) provides a catalog of Indo-Malayan/Australasian
stingless bees that is ansindex o previ(;llls studies in taxonomy, behavioral research,
and pollination ecology./This study 'divic‘tflé the stingless bees in Trigona into several
genera. Following this catalog, the forme"} subgenera of 7rigona are raised to genera
(e.g. Trigona collina changgd o Tetragonilla collina).

i

e id 44
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Figure 1.1 Diagram of stingless bees nest with the structure labeled (modified from

Wille, 1983).



Figure 1.2 Nest of stingless
(B). There are two cellitypes:

stingless bees.

Figure 1.3 Distribution of stingless bees (marked in black).
(http://www.blab.at/Bilderchens/Distribution-of-stingless-bees.jpg)



1.3 Exploitation of native species

Stingless bees play an important ecological role as pollinators of many wild
plant species and seem good candidates for future alternatives in commercial
pollination (Slaa et al., 2006). They are true generalists, collecting nectar and pollen
from a vast array of plants (Heithaus, 1979). The fact that they lack a functional sting
makes them especially suitable for pollination in enclosures (Slaa et al., 2000).
Stingless bees are used widely as erop pollinators under greenhouse conditions for the
following reasons: they are harmless to beekcepers and greenhouse workers, visit a
wide range of crops (polylecty), arer tolerant of high temperatures, are active
throughout the year, can'be transported easily (Amano, 2004). They also show some
characteristics that support.the ability as pollinators; for example, workers usually
visit only one plant speCies‘on’ a single trip (Ramalho et al., 1994), workers collect
food beyond immediate' negds and store;iln nests allowing colonies to survive long
periods (Roubik et al.,/1986); and wGrkérs can help nest mates by providing
information on the position of those ﬂo;al resources. Moreover, many species of
stingless bees can be managed in hives Bokes for using as crop pollinators and for
commercial production (Slaa ‘et al., 2006.;);-'{1"etrag0nula laeviceps is one of the
commonest for using as tropical fruit pollinﬁtbﬁs in Thailand (Oldroyd and Wongsiri,

2006).

Stingless bee beekeeping is known as meliponiculture. This activity has local
characteristics according, to regional and traditional knowledge. Honey, wax, and
resin are the tfaditional products of stingless ‘bees and they are an important income
source for the stingless bee beekeeper. The extraction of honey is often the income for
keepers-of-stingless, beesfollowed by cerumen and.resin (Cortepassi-Laurino et al.,
2006). Propolis is'made from“plant-exudates that ‘workers-forage ‘and accumulate for
construction, protection, and adaptation of their nests (Velikova et al., 2000).
Subsequently, the study of Meliponinae propolis provides information on the
chemical composition of stingless bee propolis, as well as the plants which they use as
a resource for collecting propolis to support the medicinal properties of stingless bee

propolis (Bankova and Popova, 2007).



1.4 Stingless bees in Thailand

Several genera of stingless bees have been recognized in Thailand, where 32
species have been recorded (Schwarz, 1939; Sakagami et al., 1983; Michener and
Boongird, 2004; Klakasikorn et al., 2005; Rasmussen, 2008) (Table 1.1). Of these, the
stingless bee Tetragonilla collina Smith, which is one of the commonest and most

widespread species in Southeast Asia, is distributed throughout Thailand (Sakagami,
1975; Jongjitvimol et al., 2005) \t st stingless bee species, the nests of 7.
collina are usually constructe % w llows in trees or in cavities in the
soil (Velthuis, 1997, WOOZ} Cm T. collina have an elongate
‘un nes-‘-"fﬂ'4) Their nests are often built
:ﬁna%ed distribution, with many

e same tree) with an average

entrance tube leading t

in the roots of larg

colonies nesting in cl

of 2 nests per occupied

Figure 1.4 Pictures of nest entrances of stingless bees 7. collina



Table 1.1  Stingless bee species found in Thailand (modified Klakasikorn et al.,

2005)

Stingless bee species

Klakasikorn
et al.
(2005)

Michener
and
Boongird
(2004)

Rajitparinya
et al.
(2000)

Sakagami
et al.
(1985)

Schwarz

(1939)

Tetragonula sirindhornae Michener
and Boongird, 2004

Tetragonilla collina Smith, 1857
Lepidotrigona terminata Smith, 1878

Tetrigona apicalis Smith, 1857
Lepidotrigona doipaensis Schwarz,
1939

Tetragonula laeviceps Smith, 1857
Tetragonula minor Sakagamiy 1978
Geniotrigona thoracica Smithg857
Tetrigona binghami Schwarz, 1939

Homotrigona fimbriata Smithy 1857

Tetragonula fuscobalteata’Camerony
1908

Heterotrigona itama Cockerell, 1918
Tetrigona melanoleuca Cockerell,
1929

Tetrigona peninsularis Cockerell,
1927

Lophotrigona canifrons Smith, 1857

Homotrigona aliceae Cockerell, 1929

Homotrigona lutea Bingham, 1897
Tetragonula pagdeni Schwarz, 1939
Tetragonula geissleri Cockerell, 1918
Tetragonula iridipennis Smith, 1854
Tetragonula valdezi Cockerell, 1918

Tetragonula melina Gribodo, 1893
Tetragonula sarawakesis Schwarz,
1937
Lepidotrigona flavibasis Cockerell,
1929

Lepidotrigona ventralis Smith, 1857

Lisotrigona cacciae Nurse, 1907
Lepidotrigona nitidiventris Smith,
1857

Tetragonilla atripes Smith, 1857
Tetragonilla fuscibasis Cockerell,
1920

Tetragonula hirashimai Sakagami,
1978

Tetragonula pagdeniformis Sakagami,
1978

Tetragonula reepeni Friese, 1918

*




1.5 Tetragonilla collina Smith in Thailand

The taxonomy of 7. collina Smith was identified according to Michener

(2007) and Rasmussen (2008).
Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Order: Hymenopteta
Superfamily: Apoidac
Tribe: Meliponini

. . Genus: Tetragonilla

Subgenus: Tetragonilla
Scientific name: Tetragonilla collina (Smith, 1857)

Common name: Stingless beg

Morphological structures-of stingles:s l;fées are shown in Figure 1.5 and 1.6.
Tetragonilla collina-Smith, an indigenousétiﬁéless bee, is distributed covering vast
geographic locations in-Thattand:Body cotoration-ot . ¢ol/ina ranges from blackish
to dark brown. Clypeus varies from nearly as dark as the face above to distinctly pale.
The tegulae are dark brown to black. Fore wing basal is distinctly darker, contrasting
to milky white apical halfrandiyeins ar¢ibasally idark brownawhile apically pale. The
northward increase of body size is detected from Malaya and Southern Thailand to

Northern Thailand (Sakagami,. 1975; Sakagami.etal., 1985).

Jongjitvimol and Wattanachaiyingcharoen (2007) report the distribution,
nesting sites and nest structures of 7. collina in Thailand. Most nests of 7. collina are
found in mixed deciduous forests. Their nesting sites are divided into 4 groups;
cavities in tree trunks, cavities in termite mounds, underground cavities, and cavities
in buildings. Moreover, the first record of an assassin bug, Pahabengkakia piliceps is
reported as a specialized predator of the stingless bee T. collina

(Wattanachaiyingcharoen and Jongjitvimol, 2007).
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1.5.1 Identification of 7. collina

Today, the stingless bees are exploited as pollinators in agriculture and their
products are also valuable. Therefore, the knowledge of stingless bees is continually
increased and identification of stingless bees has also been reported over the years
(Michener, 1961; Sakagami, 1978; Dollin et al., 1997). They are classified based on
morphology and nest architecture. However, taxonomic identification of stingless

bees remains unclear and requires experienced scientists.

Morphology is the meost commonly wscdsmethod of classification but many
stingless bee species aresympatric species (eig. between 7. pagdeni and T.
fuscobalteata; Sakagami 1978).and can not be preliminary distinguished based on
geographic distribution. la"addition, species recognition of stingless bees is more
complicated by the eXistence Of cryptic: species (¢.g. between 7. carbonaria and T.
hockingsi and between'T. igidipennis and T. laviceps; Starr and Sakagami 1987). The
external characteristics are thus unstablé and not reproducible because of a variety of
habitats and environmental conditions. Ne%r';er"t'heless, nest architecture characters are
usually relevant but they iare reported vfil@tjn.they are not sufficient criteria for
authenticating species origins of Australiarr‘sﬁhgless bees (i.e. T. hockingsi and T.

davenporti; Franck etal. 2004).

The use of specimens with correct species origin is one of main factors that
affect further molecular genetic studies of stingless bees. Therefore, species-
diagnostic markers for reliable differentiation of abundantly distributed species such
as T. collina are a prerequisite for eliminating confusion of similar species in genetic
diversity and population structure .analyses of this species. The development of
molecular “ btologys techfques, such as’ DNA<based markers, ' has' given a new
opportunity for genetic characterization, allowing the direct comparison of different
genetic material without environmental influences. Various molecular marker
techniques, such as DNA fingerprinting are available to detect diversity at the DNA
level. One of these techniques, AFLP, has been proven to be valuable to genotype
characterization in many crop species (Vos et al., 1995). Likewise, AFLP has been
widely used to study polymorphism among populations and species (Blears et al.,

1998; Mueller and Wolfenbarger, 1999) and to identify species-diagnostic markers in
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various taxa (Liu and Cordes, 2004; Klinbunga et al., 2007). AFLP can generate high-
resolution markers that exhibit such a purpose, where no data in stingless bees are

reported at present.

Recently, a species-diagnostic AFLP-derived marker for identification of Thai
T. pagdeni is successfully developed. The CUTpl marker can discriminate 7. pagdeni
from 10 stingless bee species in Thailand. The further analysis (SSCP analysis) then
differentiates 7. pagdeni from two more species (7. fuscobalteata and T. collina)
while the remaining 2 species (7. laevicepsiand T. fimbriata) can be clearly identified

by morphology (Thummajitsakul et al., 2010).

After 3 years of'this study, the catalog of published literature on stingless bees
from the Indo-Malayan/Australasian region is recompiled (Rasmussen, 2008). The
subgenus of Indo-Malayan stingless bees in Trigona genus is treated as genus. All
collected samples in this studyare in 7, rigz;na genus. Therefore, they are separated to
several genera such as' Geniotrigona (T thoracica), Heterotrigona (T. itama),
Homotrigona (T. fimbriata), Lepidatriéb_na; (I. terminata and T. doipaensis),
Lophotrigona (T. canifrons), Tetrigona (T.idpicalis and T. melanoleuca), Tetragonilla
(T. collina) and Tetragonula including 7. l&é\;f-é'eps, T. pagdeni, T. melina, T. minor,

and T. fuscobalteata. == -
1.5.2 Genetic diversity of 7. collina in Thaialnd

Sustainable conservation and the construction of effective genetic
management of important. natural resource species require basic knowledge of the
genetic population structure of that'species (Avise, 1994). Genetic diversity is a level
of the variation of the nucleotides, genes, chromosomes within the cells or organelles
of any’ otganisi! Genetic diversity enables them to ‘survive‘and-ddapt to changing in
their environment including new pests, diseases and new climatic conditions. The
variation is introduced through harmless mutation of gene or the result of sexual
reproduction. These may provide the evolution of new characteristics within a single
species for survival and adaptation in their environment. Genetic diversity has been
studied in several social insects. These studies reveal the useful knowledge from the
insects for further studies; for example, genetic diversity can help to prevent severe

infections and promote colony growth in social insects because of the evolution of
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polyandry (many females mate with more than one male) in social insects (Arnqvist
and Nilsson, 2000). The polyandrous queen can produce genetically diverse workers

that carry different genes for resistance to a particular disease (Tarpy, 2002).

Genetic diversity can be determined by many different ways. Traditionally,
protein marker had been used to survey genetic diversity within several organisms
such as in insects (Sanchez and Keena, 2009). A DNA marker is also used as a marker
of genetic diversity within and among individuals of any organisms such as in Thai
honey bee, Apis cerana (Sitttipraneed et aly 2001) and Thai stingless bee, T. pagdeni
(Thummayitsakul et al., 2008). In" Thailand,”Cameron et al. (2004) showed that
colonies of 7. collina within necst aggregations aic_not genetically related-that is,
queens in a nest aggregationsare not related as sisters or mother and daughter-and
suggested that new nests are €stablished in an unrelated nest aggregation. However,
population genetic strugturesof I collf@é at larger scales has not been reported.
Information about the intraspecific gépetic variation of this native species is
fundamental to designing appropriate maﬁégeqlent strategies for genetic improvement

and efficient conservation programs. ¥,

rsrda

1.6 Molecular marker —

Molecular markers can reveal geneﬁ:(;". variation (pelymorphism) at the protein
level (protein marker) of at the DNA level (DNA marker) without environmental
factors. At the DNA level, types of genetic variation include: base substitutions,
commonly referred to as single nucleotide polymorphisms (SNPs), insertions or
deletions of nucleotide’ sequences ‘(indels)y-within‘a locus; inversion of a segment of
DNA within a locus, and rearrangement of DNA segments around a locus of interest.
Through, long evolutionary, accumulationy, many different instaneesyof each types of
mutation should exist in any interest species ‘and the number and degree of the various
types of mutations define the genetic variation within species. DNA marker can be

applied to reveal these mutations (Liu et al., 2004).

Numerous molecular markers have been characterized e.g. allozyme,
restriction fragment length polymorphism (RFLP), randomly amplified polymorphic
DNA (RAPD), amplified fragment length polymorphism (AFLP), microsatellite, etc.

These molecular markers are classified into 2 groups: markers that require prior
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molecular information (e.g. allozyme, RFLP, microsatellite) and markers that no need

prior molecular information (e.g. RAPD, AFLP).

Fernandes-Salomao et al. (2005) examined phylogenetic relationships of eight
stingless bee species (Melipona quadrifasciata anthidioides, M. mandacata, M.
bicolor bicolor, M. quinquefasciata, M. rufiventis, M. scutellaris, M. compressipes,
M. marginata) by using RNA Intergenic Transcribed Spacer 1 sequences. Likewise,
Franck et al. (2004) studied genetic diversity of the cabonaria species (Trigona
carbonaria, T. hockingsi, and T. davenporti) from eastern Australia using 13
microsatellite loci. These reports investigated polymorphisms of stingless bees that
have already been reported.the molecuglar information. Recently, Thummajitsakul et
al. (2008, 2010) revealed thesstudies of Thai 7. pagdeni that lack their molecular
information. They developed a species'—diagnostic AFLP-derived marker and also
investigated genetic diversity of this sbtﬂjéies in Thailand based on three enzymes

amplified fragment lengthipolymorphism (TE-AFLP).

Mitochondrial DNA (mtDNA) is aiS;o widely employed as a molecular marker
in systematic, species characterization, pobd-lation structure, and phylogenetic studies.
Animal mtDNA is a circular “molecule aﬂg-ﬁﬁatemally inherited in most animals
without recombination, so the-whole sct of genes is.inherited as one unit. MtDNA is
used in study of honey bees, 4. cerana for cxample, to study the genetic
polymorphisms of A. ¢erana based on PCR-RFLP method (Sittipraneed et al., 2001;
Songram et al., 2006; Warrit et al., 2006).

Amplified fragment length polymorphism (AFLP)

Amplified Fragment Length Polymorphism (AFLP) is a DNA fingerprinting
approach that conibines advantages from'both RFLP (cutting of.genomic DNA with
restriction endonucleases) and RAPD (the amplification of particular DNA sequences
using arbitrary primers). It has the potential to screen many different DNA regions
randomly distributed throughout the entire genome without the need for knowledge of
sequences of the genome under investigation (Blears, 1998; Vos et al., 1995). The
main disadvantages of AFLP is the difficulty in identifying homologous markers
(alleles), rendering this method less useful for studies that require precise assignment

of allelic states. However, it is advantageous because of the rapidity and ease with
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which reliable, reproducible, high-resolution markers can be generated. According to
Vos et al. (1995), AFLP analysis involves the digestion of genomic DNA with a
combination of rare cutter and frequent cutter restriction enzymes. Then, double-
stranded oligonucleotide adaptors are ligated to both sides of the restriction fragments
to provide templates for PCR amplification. The PCR amplification is twice
performed by the primers containing the sequences that are able to anneal to the
sequences of the adapters and one  additional base at the 3’ ends which
complementary to the restriction sites for preamplification while the primers with two
or three additional bases at the 3" ends are used.for the selective amplification (Figure

1.7).
Three enzyme amplified fragment length pelymorphism (TE-AFLP)

Three enzyme.amplified fragment length polymerphism (TE-AFLP) is a type
of fingerprinting techmique’ based on AJ*LLP. This technique is the use of three
endonucleases instead of two ‘enzymes. as in AFLP. The use of three enzymes
provides highly discriminating ﬁngerpf-_inting because the addition of third
endonuclease reduces the number:of bands‘amplified. According to van der Wurff et
al. (2000), the digestion and*figation reé‘éfign were processed by adding three
restriction endonucleases togethet with only two sets of adapters in a single reaction.
This method can simplify. the two-step amplification. to-one-step amplification in
fingerprinting complexgenomes. Therefore, TE-AFLP-tcchnique is one of the most

common techniques used for genetic variation analysis Of marker detection.
PCR-Single strand conformational polymorphism (PCR-SSCP)

PCR single-strand conformational polymorphism (PCR-SSCP) is one of
populat, | techniqués! «extensively | used| ‘to. ‘identify/ a' sequeice’ variation or a
polymorphism in a known gene. SSCP is the electrophoretic separation of single
strand DNA (ssDNA) on non-denaturing polyacrylamide gel. The mobility of ssDNA
depends on the secondary structure of ssDNA. The differences in DNA sequence
result in a different secondary structure and mobility of DNA although they are the
same size. SSCP has high sensitivity in detection of mutations because a single base
change of the sequence can cause a radical change in nucleic acid migration (Orita et

al., 1989) (Figure 1.8). SSCP bands can be visualized by using autoradiograms
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(radioactive detection), or silver staining or fluorescent labels. Because of its high
sensitivity, SSCP experimental conditions can be optimized by alteration of the gel
temperature or the degree of cross-liking or by the addition of glycerol or sucrose, to
maximize differential migration among fragments. Thus, the SSCP technique is
considered to be a method that reveals inexpensive cost, convenience, highly

efficiency and sensitivity for detecting mutation or sequence variation (Sheffield et

al., 1993). ’ //
species diagnostic markers to
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Figure 1.7 AFLP procedures: Genomic DNA, is digested with two restriction
@) AR SO HIBNVAIAEI GG e s
sequencg was marked in red and the remaining part of the restriction sequence was
marked in blue and green. For PCR amplifications, the primers extending selective
base into the unknown part of the fragments (in black and underlined base pairs) were
needed. The first PCR amplification is performed with a 1-bp extension, followed by

a more selective primer with a 3-bp extension.
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CHAPTER 11

MATERIALS AND METHODS

Equipments

- Autoclave MLS-3020 (Sanyo, Japan)

- Automatic micropipette P2, P20, P100, P200, P1000 (Gilson Medical
Electrical S.A., France)

- Centrifuge, Microﬁ1ge® 22R (Be_pkmen Coulter, USA)

- Dry bath incubator MD-01N (Major Science, Taiwan)

- -20 °C freezer

- Horizontal agarose gel electrbphofééis apparatus, GelMate 2000 (Toyobo,
Japan) .

- Microcentrifuge tubes 0.6, 1.5 ml C;'?X}'l'gen Harward, USA)

- Micro Pulser (Bio-RAD Laboratoriéé;g-l_SA)

- Pipette tips (Axygen Harward, USA)Tq :

- Power supply {Bio-RAD-Laboiatoiies;USA)

- Thermal cyclér, Mastereyeler gradient (Eppendorf, Germany)

- Thin-wall microcentsifuge tubes 0.2aml (Axygen Harward, USA)

- UV transilluminator'model M-20(UVP, UK)

- Vertical.gelelectrophoresis apparatus for AFLP.and, TE-AFLP analysis,
Sequencing system Model SA or Model S2 (GibcoBRL Life Technologies,
Inc., USA)

- Vertical gel electrophoresis apparatus for SSCP analysis, Protean II xi Cell

(Bio-RAD Laboratories, USA)

- X-ray film, X-O1000 mat film (Eastman Kodak Company Rochester, USA)
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Chemicals

- Absolute ethanol (Merck, Germany)

- Acetic acid, glacial (Merck, Germany)

- Acrylamide (Merck, Germany)

- Agarose, GenePure LE (ISC BioExpress, USA)

- Ammonium persulfate (Promega, USA)

- Bind silane, PlusOne (Amersham Bios€lences, Sweden)
- Boric acid (BDH, Eagland) J

- Bromophenol blue (Sigma, USA)

- Chloroform (Merek, Germany)

- Ethylene diaminé tetraacetic acid,:disodium salt dihydrate (Fluka,

)

Switzerland)
- Ethidium bromide/(Sigma, USA) J
- Formaldehyde (Carlo Etba Reagent,@éﬂ%’)
- Gel/PCR DNA Fragments Extractioﬁ 'I{.ﬁ'(Geneaid, Taiwan)
- High-Speed Pieismid Mini Kit (Geneaid, Taiwan)
- N, N—methylene;bis-acrylamide (Promega, USA).
- N, N, N°;iN-- tetramethylenediamine, TEMED (USB, Coerporation, USA)
- pGem®-1) Easy Vector (50 ng/ul; Promega, USA)
- “.Phenol, Equilibrated (USB Corporation, USA)
- Repel silane, PlusOne (Amersham Biosciences, Sweden)
- Silver nitrate (Merck, Germany)
- Sodium carbonate (Merck, Germany)
- Sodium chloride (Merck, Germany)

- Sodium dodecyl sulfate (SDS) (Sigma, USA)

- Sodium thiosulfate (Merck, Germany)
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- Tris-(hydroxyl methyl)-amminomethane (USB Corporation, USA)
- Urea (Fluka, Switzerland)
- Xylene cyanol (Sigma, USA)

2.3 Oligonucleotide primers

Oligonucleotides used for PCR were purchased from Bio Basic Inc., Canada

or from 1* BASE Holdings, Singapore.

2.4 Enzymes and Restriction enzymes

Taq DNA polymerase; DyNazyme™ TLDNA polymerase (Finnzymes,
Finland) and GoTaq® Flexa'DNA polymerase (Promega, USA)
- Proteinase K (Sigma, USA)
- 2X Rapid Ligation Buffer, T4 DNé"'Ligase (Promega, USA)
- Restriction endonucleases; Bamlil EéoRI, Pstl, Rsal, Tru91, Xbal (Promega,
USA) |
- RNaseA (Sigma, USA) ' ity
- T4 DNA ligase (Promega, USA) ¥
- T4 Polynucleéstide-Kinase-(Promega; USA)
2.5 Radioactive
- [y-*P] dATP spetifie-activity 100 p€i/mmol (Perkin Elmer, USA)
2.6 Samples

Adultyworkers of Tetragonillascollina-from 159 colonies~were; collected from
geographically different” locations™ in Thailand.” Other~speci€s” of" stingless bees
;Tetrigona apicalis (n = 12), Lophotrigona caniform (n = 1), Lepidatrigona
doipaensis (n = 1), Homotrigona fimbriata (n = 3), Tetragonula fuscobalteata (n = 6),
Heterotrigona itama (n = 4), Tetragonula laeviceps (n = 6), Tetrigona melanoleuca (n
= 1), Tetragonula melina (n = 1), Tetragonula minor (n = 8), Tetragonula pagdeni (n
= 51), Lepidatrigona terminata (n = 7), Geniotrigona thoracica (n = 3), Lisotrigona
furva (n = 2), were included in the experiment (appendix A). Specimens were placed

in 95% ethanol and kept at 4 °C until required. Taxonomic identification of collected
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stingless bees was examined based on the nest architecture and morphology according
to Sakagami (1978) and Sakagami et al. (1983). Species identifications of specimens
were kindly confirmed based on external morphology by Dr. Charles D. Michener
(University of Kansas). These specimens were used to develop species-specific AFLP
marker, to study genetic diversity and population structure of 7. collina in Thailand

using nuclear DNA and mitochondrial DNA polymorphisms.
2.7 DNA preparation
2.7.1 DNA extraction

Genomic DNA was extracted from each stingless bee per nest using a phenol-
chloroform-SDS method(Smith-and Hagen, 1996). A stingless bee was homogenized
in 1.5 ml microcentrifuge tube containir|1g 500 pl ot STE extraction buffer (100 mM
NaCl, 50 mM Tris-HCI'pH 8.0 L'mM EDIA), then 20 % SDS solution was added to
a final concentration of1.0.%: A proteiﬁalse K solution (10 mg/ml) was added to a
final concentration of 500 pg/ml and incdbz{fed at 65 °C for 3 hours. After that, 25 pl
of RNase A (10 mg/ml) was added and :.i._ncubated at 37 °C for 1 hour. Then, the
supernatant was extracted twice with an edﬁal volume of phenol/chloroform (1:1v/v)
gently and once with an equal velume oic-:ﬁloroform. After each extraction, the
mixture was then centrifuged-at-10,000 rpm fbﬁ 10 minutes at room temperature. The
upper aqueous phase-was carefully transferred to a new-microcentrifuge tube and
mixed with double volume of chilled absolute ethanol and kept at -20 °C overnight to
precipitate DNA. The DNA pellet was recovered by centrifugation at 12,000 rpm for
20 minutes at 4,°C and washed.twice.with-70 % ethanol-(v/v). The pellet was dried
and dissolved’ with™1 X< TE" buffer<(10 'mM Tris-HCl'pH 8.0 and 1 mM EDTA).
Genomic DNA was kept at 4 °C until use.

2.7.2 " Measurement of DNA ‘¢concentration / Agarose gel electrophoresis

The concentration of DNA samples was estimated by comparison with the
intensity of ethidium bromide fluorescent DNA standards (e.g. A/Hindlll standard
DNA) on agarose gel electrophoresis (Sambrook and Russell, 2001). After staining
with ethidium bromide, the intensity of orange-red fluorescence of DNA bands was

observed under UV light.
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Agarose gel was prepared by weighting out an appropriate amount of agarose
and mixing with 1X TBE buffer (89 mM Tris-HCI, 89 mM boric acid and 2.5 mM
Na,EDTA, pH 8.3). The agarose was heated in a microwave oven until complete
solubilization and cooled at room temperature before pouring gel into a gel tray
containing a comb. The agarose gel was completely set at room temperature. Before
sample was loaded into the well of agarose gel, sample was mixed with one-fifth
volume of the loading dye (0.25 % bromophenol blue and 25 % Ficoll in water). A
100 bp DNA ladder or A/HindIll was used as the standard marker.

The extracted total DNA was electrophoresed on 0.8 % agarose gel in 1X TBE
buffer at 100 volts whereas A/ZindlIT standard DNA was used to compare for size and
concentration of extracted«stotalDNA. When electrophoresis is complete, the gel was
stained with ethidium bromide solution and then destained in distilled water to
remove unbound ethidiuna’bremide from the gel. DNA bands were visualized under a

UV transilluminator and photegraphed.

2.8 Development of 7. collina-specific ni;;rl;er using AFLP (Amplified Fragment
Length  Polymorphism) @ and' ~SSCP. (Single Strand Conformational

Polymorphism) analysis sl

2.8.1 AFLP.analysis TONN S
2.8.1.1 “Digestion and adaptor ligation

The AFLP procedure was carried out as described by Vos et al. (1995)
with a few modifications. Each genomic DNA (250 ng) of different Trigona species
was digested with 5.units of Psflin"a 25 plreaction mixture consist of 1X O-Phor-All
buffer (10 mM" Tris-acetate, pH 7.5, 10 mM_magnesium acetate, and 50 mM
potassinm ‘acetate)-at 37 °C for 3 hours. Then, the digestion wassinactivated at 65 °C
for 15 minutes. After that, 77u9I (3 units) was added in a final volume of 40 pl and
incubated at 65 °C for 3 hours. The double stranded adaptors (Table 2.1) were ligated
to the restriction fragments in a total volume of 50 pl consist of 5 uM Pstl adaptor
and 50 uM Msel adaptor, 1X O-Phor-All buffer, 0.4 mM ATP and 1 unit of T4 DNA
ligase at 12 °C for 16 hours.
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Table 2.1 Adaptor sequences and AFLP primers used for the ligation and PCR

amplification

Primer Sequences

Adaptor sequences
Pstl adaptor 5’-CTCGTAGACTGCGTACATGCA-3’
5’-TGTACACAGTCTAC-3’

7 JACGATGAGTCCTGAG-3’

_ !CAGGACTCAT -3’
Preamplification pri? | \

Pia 5"-GACTGCGTACATGCAGA-3’

M.c \ TCCTGAGTAAC-3’

Msel adaptor

Selective amplificatio

Pis-1

P.3-2

P.3-3

P.3-4

Pi3-5

P.3-6

P57

P.3-8 A-TT

M ﬂuﬂawﬂw$M@1ﬂﬁ
Mi3-2 M:c-AC

s RAIN T UHIRNYIE Y
M, 3-4 M, c-AT

Mi3-5 M;c-TA

M,;3-6 M;c-TC

M3-7 M;c-TG

M.3-8 M,c-TT
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2.8.1.2 Pre-amplification

The ligated DNA was used as a template. Preamplification was carried
out utilizing adaptor-specific primers with a single selective base at 3’ end on each
primer (5’-GACTGCGTACATGCAGA-3’ and 5’-GATGAGTCCTGAGTAAC-3’).
Each 25 pl of reaction contained 1X PCR buffer (10 mM Tris-HCI, pH 8.8, 50 mM
KCl, 0.1% Triton X-100), 200 uM each dANTP, 1.5 mM MgCl,, 30 ng of each primer,
1.5 units of DyNazyme™ II DNA polymerase and 1 pl of ligated DNA. PCR was
performed consisting 20 cycles of denaturation at 94 °C for 30 seconds, annealing at
56 °C for 1 minute and extension at 72 °C for-tninute. The final extension was 72 °C

for 5 minutes.
2.8.1.3 Selective amplification

The pre-amplification product was diluted 25-fold with sterile deionized
water and selectively amplified with primer Jc_ombinations having three selective bases
at the 3" end of each primer shown in ‘Table 2.1, The selective amplification was
performed in a 25 pl reaction volume includiﬁg 1 X PCR buffer (10 mM Tris-HCI, pH
8.8, 50 mM KCl, 0.1% Triton X-160), 200";1Mneach dNTP, 1.5 mM MgCl,, 30 ng of
Pi3 and M3 primers, 1.5 units of DyNazyr;leT.;?; IT DNA polymerase and 5 ul of the
diluted preamplification product. PCR ﬁ\}.éé';éarried out consisting 2 cycles of
denaturation at 94 °C-for 45 §, annealing at 65 °C for 60 s, and extension at 72 °C for
90 s, followed by 10 cycles of a touchdown phase with lowering of the annealing
temperature 0.7 °C in every cycle and additional 25 cycles of 94 °C for 45 s, 56 °C for

60 s, and 72 °C-for 90 §! The\final éxtension -was carriedioutiat-72 °C for 5 min.
2.8.2 Preparation of polyacrylamide gel and gel electrophoresis

The /= AFLP * fragments _ were / size-fractionated | throngh denaturing
polyacrylamide gel. The gel was run at constant power and then the banding pattern

was revealed with silver staining.

A pair of glass plates (the long and the short glass plates) was cleaned with
deionized water to eliminate impurities, twice washed with 2 ml of 95% ethanol in
one plane of glass. Then, the long plate was coated with 1 ml of freshly prepared
binding solution consisting 4 ul of bind silane, 995 pl ethanol and 5 pl glacial acetic

acid, and left for 10 minutes. The excess binding solution was eliminated by cleaning
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the coated long glass with 95% ethanol for 3 times. The short glass plate was also
treated as the long one except for coating step. It was coated by the Rapel silane (2%
dimethyldichlorosilane in octamethylcyclotetrasitoxone). The coated glass plates were
assembled to each other with a pair of spacer in between. The bottom and both sides

of assembled glass plates were sealed with tape.

The gel was prepared by 40 ml of 6% denaturing polyacrylamide gel including
19% acrylamide, 1% bisacrylamide, 7 M urea and 10X TBE (89 mM Tris, 89 mM
boric acid, 2.5 mM EDTA, pH 8.3). The solution was degassed for 20 minutes, then
added 240 pl of freshly prepared 10% ammonitm persulfate and 24 ul TEMED,
gently mixed and poured between the glass plated using a 50 ml syringe. The gel
comb was inserted and allowed.i6 polymerize at room temperature for 1 hour. The gel
was covered by water-spaked' tissue paper after it had polymerized. To complete
polymerization, the gel was left at.room temperature for 4 hours or overnight. The

sealing tape and gel comb were rémoved \-gifhgn gel was required.

The assembled gel was placed in the gel running apparatus. The upper and
lower buffer chambers were added with IX TBE buffer. The comb was reinserted

with the teeth on the top of gel.The gel was '-p"ré;fﬁun at 35 W for 15 minutes.

The amplified products {6 ul) was mixed with 3 pl of a loading buffer (98%
formamide, 10 mM-EDTA, 0.025% bromophenol blue,-0.025% xylene cyanol) and
heated at 95 °C for 5 minutes, immediately cooled on ice. For electrophoresis, 6 pl of

the denatured mixtures‘were loaded. The gel was run at 35 W for 2 hours.
2.8.3 Silver staining

After electrophoresis, the short glass plate was removed out of gel. The gel on
the long gléss plate was soakedjand agitated in 2 litees of the fix/stop solution (20%
glacial acetic acid) for 30 minutes. The gel was placed in deionized water and agitated
3 times for 2 minutes. The gel was incubated in 0.1% silver nitrate (1.5 liters) with
agitation at room temperature for 30 minutes. The gel was immersed in deionized
water (1.5 liters) and shaken no longer than 10 seconds and quickly transferred to 1.5
liters of the chilled developing solution (3% sodium carbonate, 0.15% formaldehyde,
0.02% sodium thiosulphate). The gel was well agitated until first band was observed

and then placed in another chilled developer and shaken until all bands were
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visualized (usually 2-3 minutes). One liter of the fix/stop solution was directly added
to the developing solution and continuously shaken for 3 minutes. The stained gel was
soaked in deionized water at least 3 minutes. The gel was left at 80 °C for 2-3 hours

(for AFLP gels) or at room temperature (for SSCP gels).
2.8.4 Cloning of species-specific AFLP fragment
2.8.4.1 Elution of DNA from polyacrylamide gels

AFLP fragment found in 7. co//ina but not in other screened species was
excised from the gel using a sterile razor blader The gel fragment was twice washed
with 500 pl of sterile deionized water for 2-hours at room temperature. Twenty
microliters of water wasradded-and incubated at 50°°C for 30 minutes and at 37 °C
overnight. Reamplification of the target| fragment was earried out using the original
primer pairs used in selective amplification according to the same PCR recipes with
the exception that 100 ag of cach primeﬁaellnd 5 pl of the eluted AFLP product were
used. The PCR conditions wete perfoﬁnéd consisting 5 cycles of 94 °C for 30
seconds, 42 °C for 45 segonds and 72 °é;_-fo,r I minute followed by additional 35
cycles at a higher stringent annealing temi:‘érature at 50 °C. The final extension was
performed at 72 °C for 7 minutes. The fééfﬁpliﬁed product was electrophoresed

through 1.5% agarose gel at 100-volt for approximately 40 minutes.
2.8.4.2 -FElution of DNA from agarose gels

The required DNA fragment was run through agarose gels in duplication
to avoid contamination @f ethidium bromide,and UV damage. One was run side-by-
side with a 100'bp. DNA! marker and the other was loaded into the distal well of gel.
After electrophoresis, lanes of DNA standard and its proximal DNA sample were cut
and stdined ‘with E{Br for- 1 minute! Positions of DNA markers and ‘the EtBr-stained

fragment were used to align the position of the non-stained target DNA fragment.

The DNA fragment was excised from gel and eluted out from agarose
gel using Gel/PCR DNA Fragments Extraction Kit (Geneaid) according to the
protocol recommended by the manufacture. The purified sample was stored at -20 °C

until required.
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2.8.4.3 Ligation of PCR product to vector

The ligation reaction was set up in the total volume of 10 ul containing
3 ul of the gel eluted PCR product, 25 ng of pGem-T easy vector (Promega), 5 pl of
2X Rapid ligation buffer (60 mM Tris-HCL, pH 7.8, 20 mM MgCl,, 20 mM DTT, 2
mM ATP and 10% PEG 8000) and 3 units of T4 DNA ligase. The ligation mixture

was incubated at 4 °C overnight.
2.8.4.4 Preparation of competent cells

A single colony of £. coli IM109 was inoculated in 10 ml of LB broth
(1% Bacto tryptone, 0.5% Bacto yeast extract and 0:5% NaCl) and incubated at 37 °C
with 250 rpm shaking overnight./A half of the starter was inoculated to 250 ml of LB
broth and then incubated at 37 °C with 250 rpm shaking until the optical density at
600 nm of cells reached 0:5-0:8: The: culture was chilled on ice for 30 minutes and
then centrifuged at 8,000X. g for /15 minute§_ at 4 °C. The supernatant was discarded.
The pellets were washed twice with | vcﬁ_urhe and 0.5 volume of cold sterile water,
respectively and centrifuged as above. The supernatant was removed and the pellet
was washed with 10 ml of 10% (¥/v) ice cb‘fd sterile glycerol and finally resuspend in
a final volume of 1-2 ml of 10% ice cold ;ste%ile glycerol. The cell suspension was

divided into 40 pl aliquots and stored at'-80 °C untiliused.
2.8.4.5 /Electroporation

The 0.2 em cuvettes and sliding cuvette helder were chilled on ice. The
competent cells were thawed on ice. One miieroliter of the ligation mixture was added
in 40 pl of the competent iells and placed on'ice for 1 minute. This mixture was
transferred to a chilled cuvette and one pulse was-applied. One milliliter of LB broth
was imimediately @added to the (cuvette and quickly resuspended the mixture. The
mixture was transferred to new microcentrifuge tube and incubated at 37 °C for 1 hour
with 250 rpm shaking. Finally, this suspension was spreaded onto the LB agar plate
containing 50 pg/ml ampicillin, 25 pg/ml IPTG and 20 pg/ml X-gal and incubated at
37 °C for 16-18 hours. The recombinant clones containing inserted DNA are white

whereas those without inserted DNA are blue.
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2.8.4.6 Detection of recombinant clone by colony PCR

The colony PCR was performed in a 25 pl reaction volume consisting of
1X PCR buffer (10 mM Tris-HCI, pH 8.8, 50 mM KClI, 0.1% Triton X-100), 200 uM
each ANTP, 1.5 mM MgCl,, 0.2 uM of primers PUCI (5’-TCC GGC TCG TAT GTT
GTG TGG A-3’) and PUCII (5’-GTG GTG CAA GGC GAT TAA GTT GG-3’) and
0.5 units of DyNazyme™ II DNA polymerase. A recombinant clone was picked up
and mixed well in the amplification reaction. The PCR profile was predenaturation at
94 °C for 3 minutes, followed by 35 eycles 0594 °C for 1 minute, 50 °C for 1 minute
and 72 °C for 1 minute. The final extension was carried out 72 °C for 7 minutes. The

amplified product was analyzed through agarose gel.
2.8.4.7 Plasmid extraction

The recombinang clone was inoculated into 3 ml of LB broth containing
50 pg/ml ampicillin and incubated at 37 Op with 250 rpm shaking overnight. The
culture was transferred into 1.5 ml microéé_ntrifuge tube and centrifuged at 10,000X g
for 1 minute. The cell pellet was Collectéd and extracted the recombinant plasmid
using High-Speed Plasmid Mini Kit"':}((“g?peaid) according to the protocol

recommended by the manufacture. =
2.8.5 DNA sequencing and primer design

The sequence of recombinant plasmid was analyzed by DNA sequencing
service (Macrogen, Ine, Korea) with the M 13 forward-er reverse primers (universal
primer) under BigDye™terminator_ cycling conditions on automatic sequencer
3730x1. The sequences.were analyzed andicompared for the homology search using
BlastN (nucleotide similarity) and BlastX (translated protein similarity) available at

www.nebi.ulm.nih.gov, A paicof designed primers is shown in Table2.2.

2.8.6 PCR amplification of candidate 7. collina-specific AFLP marker

and species-specific test

PCR was carried out using primers designed from the sequences of candidate
T. collina-specific AFLP marker (Table 2.2). The amplification reaction was
performed in a 25 pl reaction volume containing 1X PCR buffer (10 mM Tris-HCI,
pH 8.8, 50 mM KClI, 0.1% Triton X-100), 200 uM each dNTP, 2 mM MgCl,, 0.2 uM
of each primer, 50 ng of genomic DNA and 1 unit of DyNazyme™ II DNA
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polymerase. The PCR profile consisted of predenaturation at 94 °C for 3 minutes
followed by 35 cycles of denaturation at 94 °C for 30 seconds, annealing at 56 °C for
1 minute and extension at 72 °C for 30 seconds. The final extension was performed at
72 °C for 7 minutes. For species-specific test, the primer pairs were used to test the
positive amplified product across the representative individuals of 7. collina and other
Trigona species. The amplification product was analyzed by 1.5% agarose gel
electrophoresis (Sambrook and Russell, 2001). The expected amplified products were
purified and further analyzed by single strand conformation polymorphism (SSCP) to
determine polymorphisms of the products.

Table 2.2 Primers designed from a candidate 7% collina-specific AFLP marker

Annealing Expected

Primer Sequence temperature size

({9 (bp)

CUTcl-F |5-GGTTCG@ATTIGGTTGGCATTG-3’
/ 56 259

CUTCI-R | 5-CGGTGTACGAAGEGCCAGS
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2.8.7 SSCP analysis

Non-denaturing polyacrylamide gel was used for fractionation of single
stranded DNA secondary structure conformation. A pair of glass plates was prepared
as described in 2.8.2. A 40% stock solution (37.5:1 crosslink) was diluted to prepare
12.5% polyacrylamide solution. The acrylamide gel solution (40 ml) was added with
300 ul 10% ammonium persulfate and 30 pl TEMED and poured between the glass

plates. The gel was left to polymerize at Igast for 4 hours.

Six microliters of the purified amplification was mixed with 4 volumes of the
loading dye (95% formamide, 0.25% bremophenol blue, 0.25% xylene cyanol and 10
mM NaOH). After denaturing at 95 °C for 5 minutes, it was immediately cooled on
ice for 2 minutes ~and electrophorgtically analyzed through non-denaturing
polyacrylamide gels atl2.5/V/ern for 16 hours at 4 °C. The gels were then visualized

by silver staining as decribed 1n'2.8.3.

2.9 Genetic diversity and population étrilcture analysis of 7. collina using TE-
AFLP (Three Enzymes-Amplified Fragment Length Polymorphism) and TE-
AFLP derived markers ‘

Fhd

2.9.1 TE-AFLP analysis

.

2.9.1.1 Digestion and adaptor ligation

TE-AFLP procedure was carried out as essentially described in van der
Wulff et al. (2000). Genomic DNA (~30 ng) of each stingless bee was simultaneously
digested with~Rsaly oXbal, and pBamHI=and | ligated «to<adaptors having ends
complementary, . to~ the Testricted " DNA * fragments "in° a single reaction.
Digestion/ligation was carried.out in a 20 pl reaction yolume containing 1X digestion-
ligation buffer (10:mM: Tris-HCL; pH @5, 50 mMiNaCl, 10 mM:MgCl,, 1 mM DTT,
0.5 mM ATP), 4 picomol of both Xbal and BamHI adaptors (Table 2.3), 0.5 units T4
DNA ligase, 6 units Xbal, 1.25 units BamHI and 1 unit Rsal then incubated at 30 °C

for 1.5 hours.
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2.9.1.2 PCR amplification

The sequence of Xbal and BamHI primer for amplification (Table 2.3)
are complementary to one strand of each adaptor with arbitrary extensions. The
BamHI primer with arbitrary extension-C was end labeled with **P at the 5 end of
primer. The labeling reaction was prepared by 40 pul of 1X T4 kinase buffer (70 mM
Tris-HCI, pH 7.6, 10 mM MgCl,, 5 mM DIT), 10 uM BamHI-C primer, 100 pCi [y-
32p] dATP, and 10 units T4 polynucleotidé Kindse. The mixture was incubated at 37
°C for 30 minutes and then inactivated at 90 °C for 2minutes (Vos et al., 1995).

Amplification.was-€atried out in a 12.75 ul reaction volume containing
1X PCR buffer (10 mM Twis-HCL pH 7.6, 50 mM KCIl, 0.1% Triton X-100), 1.5 mM
MgCl,, 0.2 mM each dNTP, 0.27uM each of unlabelled-Xbal primer and 32p_labeled
BamHI primer and 0.6 units GoTag" DNA polymerase (Promega). The digestion-
ligation mixture of 0.5 ul was used as DNA template. PCR was performed using the
following thermal profile prede'naturation':;af" 95 °C for 3 minutes followed by 10
cycles of denaturation at 95.°C for 30 secolfll.:d's,Jz}nnealing at 70 °C for 30 seconds and
extension at 72 °C for 1 minute, and an add_i{i,(');lal 40 cycles of denaturation at 95 °C

for 30 seconds, annealing at 60 °C for 30 seconfls andextension at 72 °C for 1 minute.

The final extension w4s carried out at 72 °C for 20 minutes.

Each reaction was then clectrophoresed through 8% denaturing
polyacrylamide gel. ThetPER product wasgmixed to 3 pl loading dye and denatured
for 5 minutes at 95 °C. The.denatured mixture was loaded on.the gel with 0.6X TBE
electrophoresis buffer and run for 3 _hours at 500 V. At the end of the run, gels were

dried on filter paper and exposed X-ray film overnight at room témipetature.
2.9.2 Scoring TE-AFLP variation

After autoradiography, the bands were read and recorded manually. AFLP
bands were treated as biallelic dominant markers; present (homozygotes or
heterozygotes for amplification of the band) or absent (homozygote for lack of
amplification) was scored as 1 or 0, respectively, generating a multi-band pattern for
each individual. These data were used to calculate genetic diversity and population

structure statistics.
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2.9.3 Cloning of TE-AFLP derived marker

The AFLP bands from TE-AFLP analysis (as described in 2.9.1) were
investigated for polymorphic AFLP band that was not uniquely or commonly found in
investigated 7. collina. It was excised and eluted out from the polyacrylamide gel. It
was then reamplified and the target fragment was eluted from agarose gel (2.8.4.1 and
2.8.4.2). The fragment was ligated to vector and transformed into host cell (2.8.4.3,
2.8.4.5 and 2.8.4.6). The plasmid of recombinant clone was extracted as described

earlier (2.8.4.7).

Table 2.3 Adaptor sequences.and TE-AFLP primers used for the ligation and PCR

amplification

Primer | Sequences

Adaptor sequences
BamHI adaptor 5 -ACGAAGTCCCGCGCCAGCAA-3’
| 5’-GATCTTGCTGGCGCGGG-3’
Xbal adaptor 5-ACGTTGTGGCGGCGTCGAGA-3’
5-CTAGTCTCGACGCCGCC-3

Selective amplificatigin-primeis

Bic S-GTTTCGCGCCAGCAAGATCCC-3’
Xicc 5’-GGCGTCGAGACTAGACC-3’
Xicr S*GGCGTCGAGACTAGACT-3

Table 2.4 Primers'ofi T E-AFLLP  derived marker

Annealing Expected

Primer Sequence temperature size

{9) (bp)

TECU-F 5-CGTATCAGTGTCGTTCATGGC-3’
56.9 222
TECU-R 5’-CGAGCGCGTGGAATCTC-3’
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2.9.4 DNA sequencing and primer design

The sequence of recombinant plasmid was analyzed by DNA
sequencing service (Macrogen, Inc, Korea) with the M13 forward or reverse primers
(universal primer) under BigDye™ terminator cycling conditions on automatic
sequencer 3730x1. The sequences were analyzed and compared for the homology
search using BlastN (nucleotide similarity) and BlastX (translated protein similarity)
available at www.ncbi.nlm.nih.gov. A pair, of designed primers was shown in Table

24.

2.9.5 PCR amplification of TE-AFLP derived marker and SSCP analysis

PCR was carried out using TECU primer (Table 2.4). The
amplification reaction wassperformed in a 25 pl reaction volume containing 1X PCR
buffer (10 mM Tris-HC1, pH8 8,50 mM KCI, 0.1% Triton X-100), 200 uM each
dNTP, 2 mM MgCl,, 02 uM of each pri‘mg, 50 ng of genomic DNA and 1 unit of
DyNazyme™ II DNA polymerase. The PCR profile consisted of predenaturation at
94 °C for 3 minutes followed by 35 cycleﬁ”o’f denaturation at 94 °C for 30 seconds,
annealing at 56.9 °C for 1 minute and extéﬂsion at 72 °C for 30 seconds. The final
extension was performed at 72 °€ for 7 rnmutjes The primer pair was tested against
genomic DNA of representative individual T collifiasThe expected amplified product

was purified and further determined on non-denaturing polyacrylamide gel by SSCP

analysis as described in 2.8.7.
2.9.6 Scoring SSCP variation

The visible 'bands inteach 1ane in SSCP gels . were readiand recorded manually.
The bands were treated as present at absent bands and scored asglsor O respectively,

generating 0/1 matrix.
2.9.7 Data analysis

The data of scoring TE-AFLP or SSCP variation were used for analysis.
Genetic diversity, genetic distance among populations and population structure
statistics were calculated using Genetic Analysis in Excel (GenAlEx6; Peakall and

Smouse, 2006).
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Genetic diversity was estimated as the proportion of polymorphic loci (P) and
expected heterozygosity (H.). A band was considered polymorphic band if samples
showed any variation for presence or absence although bands were present or absent
in only a single individual. The expected heterozygosity (H.) was estimated following
Lynch and Milligan (1994), which observed each band position as a different locus
with two alleles, band amplified (dominant) and band not amplified (recessive);
absence of band indicates a recessive homozygote. At each locus, the frequency of the
recessive allele (q) is estimated from the fréquency of recessive homozygotes (q°) and
the frequency of dominant allele is estimated as p.= 1 - q. Expected heterozygosity at
each locus is h = 1 - ¥ xi'y-wheie x; isfthe ficquency of the i™ allele or 1 — (p*+q°).

Expected heterozygosity averagedover all loci is calculated as:

m
A1 “m D
- yzl

where y represents loci ogbands 1 through 7"

Genetic heterogeneity in allcle distribution frequencies between compared
geographic samples was examined using tﬁ%:‘ exact test (Guo and Thompson, 1992).
Fsr-based statistics (Ppr) between pairs of .-ge:)ffgraphic populations, which generated
by Analysis of Molecular Variance (AMO'\}A;’"'Excofﬁer et al., 1992 implemented in
GenAlEx6.1), were| calculated and tested to determine whether @py was statistically
different from zero (Weir and Cockerham 1984; Peakall and Smouse, 2006). The
significances performing 999 permutations in which individuals are randomly
assigned to regiofis | of [the) samelisize)| was (calculated ~WUnbiased genetic distance
between pairs of igeographic samples was determined (Nei 1978). The investigated T.
collina.samples, from TE-AELP.analysis, were ‘divided..into, hierarchical groups in
three ways: " (A) “geographic- region- (North, ' Central, -Northeast,—~and Peninsular
Thailand); (B) populations north (North, Central and Northeast) and south (Peninsular
Thailand) of the Isthmus of Kra; and (C) Northeast population versus the remaining
populations (North, Central, and Peninsular Thailand) while those from TE-AFLP
derived marker were grouped into two ways: (A) six populations (North, Central,
Northeast, Prachuap Khiri Khan, Chumphon, and Peninsular); and (B) four
populations (North+Central+Northeast, Prachuap Khiri Khan, Chumphon, and

Peninsular Thailand).
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2.10 Mitochondrial DNA diversity of 7. collina using PCR-SSCP

2.10.1 PCR amplification of the mtDNA gene segments and SSCP

analysis

The primers were designed from the sequences of mtDNA genes which were
previously deposited in GenBank. The large ribosomal RNA (16S) and cytochrome b
(cytb) mitochondrial DNA genes were known from GenBank Accession no.
DQ790412 and AY575081, respectively. On the other hand, the primer pair of
cytochrome ¢ oxidase I gene (COI) was obtained from sequences of 7. amalthea
(GenBank Accession no. AF214669). These primers (Table 2.5) were tested against
genomic DNA of representative individﬁal T collina. The amplification reaction was
performed in a 25 ul reaetionsvolume containing 1X PCR buffer (10 mM Tris-HCI,
pH 8.8, 50 mM KCl, 0.1% Triton X-IOOS, 200 uM each dNTP, 2 mM MgCl,, 0.2 uM
of each primer, 50 ngsof genomic DNA and 1 unit of DyNazyme™ II DNA
polymerase. The PCR profiles of each arr'-%pliﬁcation reaction are shown in Table 2.6.
All PCR products of eachimiDNA regiﬁnlfyom each 7. collina were analyzed by
SSCP analysis as described mn 2.8.7 where,és_ fhe amplified products of 16S and COI

gene were run on 11% non-denatuiing polyaérylamide gel (75:1 crosslink).

Table 2.5 Sequences of primess and size of the expected amplified product mtDNA

segment
mtDNA Expected size
Primer Sequence
region (bp)

16S-Fi | IS*-ATGGCTGCAGTATAACTGAC-3¢
16S rRNA 478
16S-R.. | S"-ACTTACGICGATITGAACTC-3"

COI-F | 5-CATTCATCTCCTTCTGTTG-3"
COI 497
COI-R | 5'-GCTCGTGTATCAATATCTAATC-3’

cytb-F | 5-TTGTAGAGTGATTATGAGGAG-3’
Cytb 316
cytb-R | 5'-GGAGTAACTATAGGATCAGC-3’
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Table 2.6 PCR profile used for amplification of mtDNA segment using primers in

Table 2.5
Main genes PCR profile
16S rRNA 94 °C for 3 minutes
5 cycles of
94 °C for 30 seconds
) °C for 60 seconds
, &ﬁ seconds
35 .
Col1

Cytb

RA

NI KRR Y

for 60 seconds

or 60 seconds

::g)' ds

or 60 seconds

72 °C for 60 second
e

3 V8T

94 °C for 3 minutes
o/

55 °C for 60 seconds
72 °C for 60 second

72 °C for 7 minutes
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2.10.2 Scoring SSCP variation

The bands visible in each lane in SSCP gels were read and recorded manually.
The bands for each amplified mtDNA region were treated as present or absent bands

and scored as 1 or 0, respectively, generating 0/1 matrix.
2.10.3 Data analysis

Genetic Analysis in Excel (GenAlEx6) was used to calculate genetic diversity,

ation structure statistics as described in

c. ivided into 6 hierarchical groups;

North, Central, North ¥ @hOn, and Peninsular Thailand.
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CHAPTER 111

RESULT

3.1 DNA extraction

Genomic DNA was extracted from each stingless bee individual using the
extraction protocol described in 2.7.1. High molecular weight DNA obtained was at
least 23.1 kb. The DNA concentration was estimated by comparison the intensity of

EtBr-DNA complex with a known amount of A/HindIIl marker in 0.8% agarose gel

electrophoresis (Figure 3.1). The extracted PINA was used in subsequent analysis.
J

Figure 3.1 High molecular weight DNA of Tetragonilla collina worker extracted

from one bee per nestiLane Miis A/HindIIl markers.
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3.2 Development of 7. collina-specific marker using AFLP (Amplified Fragment
Length  Polymorphism) and SSCP (Single Strand Conformational

Polymorphism) analysis
3.2.1 AFLP analysis

The AFLP analysis consisted of several steps: genomic DNA digestion,
adaptor ligation, preamplification, and selective amplification of the digested/ligated
fragments. One primer combination (Ps7k y and Msel,c primer) was used in the
preamplification step. The preamplified produets were then amplified with selective
primers having three selective bases at the 3“ end of each primer. There were 64
primer combinations which were used to test against genomic DNA of 11 stingless
bee species including-¥Feiragonilla collf'na. The produets of selective amplification
showed different band¢patterns in each stingless bee species using the same primer
combination (Figure 3:2). The prodlic‘lts were  then size-fractionated through
denaturing polyacrylamide gel. The prir'fnei*- combinations provided a low level of
polymorphism in Tetragonilla collina and:.'_different band patterns from other species
were screened to search species-speciﬁé‘-".bands in 7. collina. The Pstliagr and
Msel.cag primer combination provided a 3@6-"pr fragment found only in T. collina

(Figure 3.3). > -
3.2.2 Cloning and characterization of a species-specific AFLP fragment

A 316 bp fragment only found in 7" collina was successfully reamplified
(Figure 3.4). The purified product was cloned. Colony PCR was performed to verify
the inserted fragment of 316 bp (Figure 3.5)! The recombinant plasmid was sequenced
in both directions. The nucleotide sequence (Figure 3.6) did not match any sequence

in the GenBank (£-valte >1e=04) and ‘was regarded as an'anonymious' DNA segment.
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Figure 3.2 The selective amplification products of each stingless bee species on
agarose, gel; Tetragonilla collina (lanes 1-4° A and lanes '1-6' B),-{{eterotrigona itama
(lane 1C€), Tetrigona apicalis (lane 2C), Lophotrigona canifrons (lane 3C),
Tetragonula fuscobalteata (lane 4C), Tetragonula pagdeni (lane 5C), Tetragonula
minor (lane 1D), Lepidotrigona terminata (lane 2D), Geniotrigona thoracica (lane
3D), Homotrigona fimbriata (lane 4D), and Tetragonula melina (lane 5D) amplified
by Pstliagr/Mselcag. Lanes M (A, B, C, and D) are a 100 bp DNA ladder.
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and 19),ql"etrag0nilla collina (lanes 2-11), Tetragonula pagdeni (lane 12), Tetrigona
apicalis (lane 13), Lophotrigona caniforns (lane 14), Tetragonula minor (lane 15),
Lepidotrigona doipaensis (lane 16), Geniotrigona thoracica (lane 17), Tetragonula
fuscobalteata (lane 18), Homotrigona fimbriata (lane 20), Tetragonula melina (lane
21) genotyped by Pstliagr/Mselicag. Lane M is a 50 bp DNA ladder. An arrow
indicates an AFLP band of 316 bp found only in 7. collina.
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Figure 3.4 Reamplificationof the spedes-speciﬁémarker of 7. collina. Lame M is a
B

100 bp ladder
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Figure 3.5 Colonyjtf? product of the recombinant « 'éi’__qne containing the targeted

insert (the species-spciiﬁc AFLP marker in T collina). Lane M is a 100 bp DNA
ladder

5’ GACTGCGTAGRLECAGAGTE /G TCEGATTT. GATTEGCATT GGAACCCTGA
TCAGCGCGAA TTCTCACTGG.AGTTCCCAGC ACACGGCGGT CGGAGAGTGA
TEARAERCEC P AGTECTIGEC | GETERGAGEG (GCEGCABTGRCHGGAGCACTAC
ATETEAGTER \THAr¢ cAGATY ARCAGACCAG GECARGERAT( TCGATGCGAT
CTATCGCCAT ARGGCGAGCA ACTACTTCAT GCGGACGGGT CAGTACCTAC
GCTTGGTCGA CTGGCGCTTC GTACACCGCG CGCGCCTAGA CGTGCTCCTG
TTACTCAGGA CTCATC 3’

Figure 3.6 Nucleotide sequence of a 7. collina-specific AFLP fragment (316 bp).
The locations and sequences of a forward primer (CUTcl-F) and those
complementary to a reverse primer (CUTcl-R) for species-diagnostic SCAR marker

(CUTcl) are illustrated in boldface and underlined.
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3.2.3 Development of species-diagnostic SCAR (sequence-characterized

amplified region) marker in 7. collina

A pair of primers (CUTcl-F and CUTcl-R) was developed from the
nucleotide sequences of candidate 7. collina-specific AFLP fragment (Figure 3.6).
The developed SCAR marker (hereafter called CUTcl) was tested against one
individual per nest of 7. collina (134 nests) and 14 other stingless bee species (Figure
3.7). The expected amplification produet (259 bp) was found in all Tetragonilla
collina individuals (134/134 nests accounting for 100% of investigated specimens)
but not in the other genus-and species Qf investigated specimens, Tetrigona apicalis,
Lophotrigona  canifrons, Lepidolrigéna doipaensis, Homotrigona fimbriata,
Tetragonula fuscobalteata, Heterotrigona itama, Tetragonula laeviceps, Tetrigona
melanoleuca, Tetragonwla melina, T étragonula minor, Geniotrigona thoracica,
Lepidotrigona terminai@ and Lisotrfgéna Jurva. Nevertheless, cross-species
amplification was found in 7 etragonula}mgdeni (43/51 nests, 84.3%). It indicated
that species-specific #PCR ‘of CUTéI-_I marker unsuccessfully discriminated

Tetragonilla collina from'Tetragonula pagaf_eni.

3.2.4 Characterization of the SCA;R Ji;larker using SSCP analysis

SSCP analysis was performed to éfléirééterize the-amplified CUTcl marker
found in Tetragonilla cotlina and fetragonula pagdeni. Non-overlapping SSCP
patterns between 7. collina and T. pagdeni were observed (Figure 3.8A). Nucleotide
sequences of representative individuals of these species were different, owing to a 15-
bp indel (CGGCCGCCAAGCGGL) fand several’ single-hu€leotide polymorphisms
(SNPs). In addition, within species SNPs were also observed in 7. pagdeni (Figure
3.8B). Moreover, the polymorphic SSCP patterns-of CUTcl markert in,7T. collina were
observed (Figure 3.9A). An AA'(259/259 bp) genotype-was 'found-in all 7. collina
from north (21 nests) and northeast (32 nests), and 23/28 nests from central region,
whereas a BB (253/253 bp) genotype was observed in most individuals from
peninsular Thailand (42/53 nests). In addition, heterozygotes exhibiting the AB
(253/259 bp) genotype were observed in some individuals from central region
(Prachuap Khiri Khan, 5/28 nests) and those from peninsular Thailand (Chumphon,
Ranong, Surat Thani, and Nakon Si Thammarat, 11/53 nests). Genotypic differences

between these specimens were consistent when the amplified product of CUTcl from
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representative individuals carrying AA, AB and BB genotypes were re-examined by
denaturing gel electrophoresis (Figure 3.9B). Nucleotide sequences of stingless bees
carrying different homozygotic genotypes indicated allelic polymorphism owing to a

6-bp indel (GACCAG) present in AA but absent in BB genotypes (Figure 3.9C).

5§59 10 11 12

Figure 3.7 Amplification results of species-diagnostic SEAR marker CUTc1 against
genomic DNA of Tetragonilla collina (lanes 2-6, A and 1-4, B), Tetrigona apicalis
(lanes 7<9 5 A),Lepidotrigona-doipaensis (lane 10y, A)sHomotrigeng, fimbriata (lane
11, A),. Heterotrigona ‘itama (lane” 12; 'A), Tetragonula " minor= (lane 13, A),
Tetragonula fuscobalteata (lane 14, A), Tetragonula pagdeni (lanes 15, A and 8-9,
B), Tetrigona melanoleuca (lane 16, A), Tetragonula laeviceps (lane 5, B),
Lisotrigona furva (lane 6, B), Tetragonula melina (lane 7, B), Lepidotrigona
terminata (lane 10, B), Geniotrigona thoracica (lane 11, B), and Lophotrigona
canifrons (lane 12, B). Lanes M (A and B) and 1 (A) are a 100 bp DNA ladder and

the negative control (without genomic DNA template), respectively.



T.
T.
T.
T.

T.
T.
b g
T.

T.
T.
T.
T.

T,
T.

T.
T.

T.
T.

T.

Figur
A) and

pagdeni-Cl
pagdeni=CZ
collina-N

colline-NE

pagdeni-Cl
pagdeni-CZ
collin-N

collirm-NE

pagderni-Cl
pagdaeni-C2
collina-N

colline-NE

pagdeni-Cl
pagdeni-C2
cellim-N

cellina-NE

pagdani-Cl
pagdeni-C2

. collina-N

cellina-NE

miﬁﬁ SbrAY

CGTTCE T10GAACOET CATENBTACGAAL TCTCACTGGAGT GCCCAG
GGTTC rr‘;r"i : ".ﬁ"s \ TEAETCCGAKT TCTCACTGGAGTGCCCAG
CCTTE ‘J’rp T Hh CCC Iﬂ*ﬁ1f TCTCACTGGAG 3 CCAG

GGTTC ey Sy S smrctcmcw; CCAG
LI L RS - # *' ‘:”&;ﬁ;& EEE FEEETEETEFEEEIREF SRR

G f s:-r- u-|r- -\-ut‘lr- H'r-
- ‘iﬁiz éﬁ%@“‘ " ﬁr rr:

CACCI CGTTGGACATC
CACGC CGTTGGACATC
CACHEEGCS - === == AAGTCGTTGGECETC
CACACGCE —====== === AAGTCGTTGCLCETC

W i -,
TGAGREC CGE]
TGAGGGCO

TGAGGGCOGC
TGAGGGCCRG

e 2 ks & 4 b bt

wEEFEETEEREET ¥ BF

CTTATCGCGAAGCCGGACCAGGGCA
TTATCCCGAAGCCGGACCAGGECA
;CTTATCGC GGACCAGGGCA
TGCTTATCCCGAAATCCRACCAGGGCA
srErrrEEEETET EErEErETEEEEEE
CTAATCGCTTCATACGGACAGGT CACT
AATCCGCTTCATACGGACAGCTCAGT
CTACTTCAT GAEEMTI‘.:AET

*ﬁ CTTCATGCGGACGGS

TCAGT
(EEEEEE AEEEET EEEEEEE

ACCT!

MTT@:CGACTGGCGCITEGT&EMCG

EEEE 'i"l - I‘I'Ill'ﬂ'l'l'lll?ﬂfl

ﬂumwmwmm

46

&0
&0
60
&0

120
1z0
105
105

180
180
165
165

240
240
2258
225

lina (lanes 1-8,

of CUTcl (B)

in representative individuals of Tetragonilla collina originating from the north (N)

and northeast (NE) and Tetragonula pagdeni originating from the central region (C),

respectively.
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fractionated in

(A) and 6%

fig;‘;,ﬁioﬁii RfaRtbIy ok EaFkd

denaturlng (B). Three genotypes; AA (lanes 1-7, A and 1-5, B), BB (lanes 8-13, A
and 6-8, B) and AB (lanes 14-16, A and 9-10, B) were observed. Nucleotide sequence
of CUTecl in T. collina possessing genotype AA (259/259 bp alleles; T. collina-C1, T.
collina-C2 and T. collina-NE) and BB (253/253 bp alleles; T. collina-S and T.
collina-C3) are illustrated (C).
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3.3 Genetic diversity and population structure of 7. collina using TE-AFLP
(Three Enzymes-Amplified Fragment Length Polymorphism) and TE-AFLP

derived markers
3.3.1 TE-AFLP analysis

Genomic DNA of individuals representing 98 nests of 7. collina was carried
out by TE-AFLP procedure: genomic DNA digestion, adaptor ligation, and
amplification of the digested/ligated fragments. Two sets of primer combinations
(Xbal-CC/BamHI-C and Xbal-CT/BamHI-C) were used for generating fingerprints of
each specimen. The BamHI-C primery was end labeled with **P. The fingerprint
patterns were visualizedby autoradiography (Figure 3.10).

3.3.2 Scoring TE-AFLP variation

A total of 53 bands were scored from analysis of 7. collina using TE-AFLP
with two sets of primers (XbaI—CC/BamﬁI-,C and Xbal-CT/BamHI-C). Thirty bands
(57%) were variable (absent in at least or;e individual), while the rest 23 bands were
present in all 98 individuals. We- observed 47J:unique banding patterns or phenotypes
for the primer pair Xbal-CC/Bamtii-C, an:l.‘ '"_79_,jl_phen0types for the primer pair Xbal-
CT/BamHI-C (appendix B). Relatively hlg—h é@netic diversity was observed in all
geographic samples (Table 3.1); The percentdg; number of polymorphic bands and H.
for each region varied/from 42-55% and 0.090-0.141, respéctively. The greatest level

of within region diversity was found in the Central region.

The unbiased genetic-distance between pairs of geographic regions was 0.022-
0.094. Significant -geographic heterogeneity. was. observed: between all pairwise
comparisons of regions analyzed by 'Fsr-based statistics, @pr (P £,0.001, Table 3.2).
The exact test reyealed significant genetic differences in most ‘comparisons except
between 7. collina from Central and Peninsular Thailand (P = 0.6202) and between
North and Northeast (P = 0.1875). The results indicated stronger degrees of
differentiation between North+Northeast and Peninsular Thailand (®@pr = 0.334 and
0.359) than other comparisons (@pr = 0.076-0.242). Lower (but significant) levels of
geographic differentiation were observed between the Central and each of the other

populations (@pr = 0.076-0.199).
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Figure 3.10 Autoradiogram of some TE-AFLP patterns generated by two sets of
primer pairs; Xbal-CC and BamHI-C (panel A), and Xbal-CT and BamHI-C (panel
B). The amplification was obtained by 7. collina DNA from each of four geographic
regions (Central, lanes 1-4 A, 1-6 B; North, lanes 5-7 A, 7-12 B; Northeast, lanes 8-14
A, lanes 13-16 B; and Peninsular Thailand, lanes 15-17 A, 17-19 B).
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Table 3.1 Comparision of TE-AFLP bands and the expected heterozygosity (H.)
generated by BamHI-C and Xbal-CC, and BamHI-C and Xbal-CT primer pairs in 7.

collina from 4 geographic regions in Thailand

TE-AFLP bands Central North Northeast Peninsular

(N=98) (N =20) (N=18) (N=23) (N=37)

Number scored \ | ; 45 48
Number fixed 3 » < 24 23
Number absent 7 / N 8 5

# polymorphic ‘ RSN 21 25

% polymorphic ‘ | 47% of 45 52% of 48

(40% of 53)  (47% of 53)
Mean H, 0.090 0.139
(= SD) (0.020) (0.0206)

*Total number of TE-AFLP bands in 2 articu egions; ** Total number of scorable

TE-AFLP bands across.all regions. .
VJ N J

L
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Table 3.2 Pairwise Fsr-based statistics (@pr, below diagonal), Nei’s (1972) genetic
distance (in brackets) and the exact test (above diagonal) among populations of 7.

collina in Thailand

Central North Northeast Peninsular

P=0.0104 P <0.0001 P=0.6202"
Central (V= 20) ‘

P=0.1835" P <0.0001
North (N = 18)

P <0.0001
Northeast (V= 23)

0.359* -
Peninsular (N =37)
(0.094)

ﬂ‘L!EI’J‘VlEJ'VI?WEI']ﬂi
’QW’WMﬂiﬂJ UNIINYAY
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AMOVA illustrated significant variance components among the four
geographic regions, North, Central, Northeast, and Peninsular Thailand (@pr = 0.258,
P =0.001), between North-to-Central and Peninsular Thailand (®pr = 0.207, P =
0.001) and between Northeast and other populations (North, Central and Peninsular
Thailand; @pr=0.172, P=0.001, Table 3.3).

Table 3.3 AMOVA for genetic differentiation of 7. collina among four geographic
regions (A), between the North-to-Central® and Peninsular populations (B), and
between Northeast and other populations (C)

A. Four geographic regions

Component df Estimate %of total ~ Per  P-value
Vafiance variance
Among population 3 1:'._253 26 0.258 0.001
Within population 04 3603 74

S

B. North-to-Central (North+Northeast+Central) vs. Peninsular Thailand

Component df Estimate %oftotal ~ Per  P-value
Variance variance
Among population 1 1.052 21 0.207 0.001
Within population 96 4.023 79

C. Northeast vs. other populations

Component df Estimate % of total ~ Per  P-value
Variance variance
Among population 1 0.871 17 0.172 0.001

Within population 96 4.207 83
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3.3.3 Cloning and characterization of a TE-AFLP derived fragment in 7.

collina

A polymorphic AFLP band (420 bp) that was variably found in investigated 7.
collina was successfully reamplified by BamHI-C and Xbal-CT primer pairs (Figure
3.11). The purified product was cloned. The inserted fragment was verified by colony
PCR. The recombinant plasmid was sequenced in both directions. The nucleotide
sequence (Figure 3.12) did not match any sequence in the GenBank (E-value >1e-04)

and was regarded as an anonymous DNA scgment.

3.3.4 Development and characterization of TE-AFLP derived SCAR

marker using SSCP analysis

A pair of primers (FECU-F and TECU-R) was developed from the nucleotide
sequences of polymorphie” AFEDP fragment (Figure 3.12). The developed SCAR
marker (hereafter called TECU) was te,siteJd against one individual per nest of 7.
collina (Figure 3.13). The expected ampiiﬁéation product (222 bp) was found in all

individuals representing 96 nests'of 7. collina.”

SSCP analysis was performed to cﬁé;agterize the amplified TECU marker in
96 investigated specimens. Three SSCP pa?‘_c?e__r_ns (pattern 1, II, III) were observed
(Figure 3.14). The nucleotide séquences of fegresentative individuals of each SSCP
pattern (Figure 3.15)f were different due to a 4-bp indél (GACA) and 6 single
nucleotide polymorphisms (SNPs). The pattern [ was commonly distributed in all 7.
collina from North (15 nests), Central (12 mests), and Northeast (23 nests) while the
pattern II was“found in 7. collina from Prachuap Khiri Khan (3/8 nests, 37.5%),
Chumphon (10M3 nests, 77%), and Peninsular Thailand (20/25 nests, 80%). In
addition, the pattetil LIl was“also observed in those from Prachuap Khiri Khan (5/8
nests, 62.5%), Chumphon (3/13 nests, 23%), and Peninsular Thailand (5/25 nests,
20%). The phylogeographic pattern among 3 patterns based on number of mutation
was illustrated in Figure 3.16. Seven mutation steps were found between pattern I and

II1. The pattern II was an intermediate pattern between pattern I and III.
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Figure 3.11 Reamplification of the TE-AFLPQerived marker of T collina. Lane M
is a 100 bp ladder.

Figure 3.12 Nucleotlde sequefnce of the TE AFLP derlyed fragment (420 bp). The

locations and sequences—of—a—forward—pﬂmer(—"PEeHF-)—andj those complementary to a
reverse primer (TECU—R) for developed SCAR marker (TECU) are illustrated in

boldface and underhned

Figure 3.13 Amplification results of TECU marker against genomic DNA of 7.
collina. Lane M is a 100 bp DNA ladder.



55

AULINENINYINT
rer AR AT U U AN BUAR L) s o

differenfqgeographic regions in Thailand. Three patterns; pattern I (lanes 1, 3-9, 11, A

and lanes 1-8, B), pattern II (lanes 10, 12, A and lanes 9, 10, B), and pattern III (lanes
2, 13, A and lanes 11-13, B) were observed.
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Figure 3.15 Nucleotide sequences of TECU marker in representative individuals of 7. collina possessing the pattern I (7. collina-NE), pattern

II (T. collina-C), and pattern I1I (7. collina-S).
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III). Numbers @along connected inferred mutation steps. Letter N

represente ount, " 0 ing eac , 7” he percentages
were ca uﬁnﬁﬁﬂjﬁmyfﬁ jﬁaﬁeﬂrﬁ[ﬁn ion; North (15
nests), Central (12 nests), Northeast (23 nests), Prachuap Khiri Khan (8 nests),
Chumphon (13 nests), and Peninsular Thailand (25 nests). Capital letters behind

percentage were abbreviations of Central (C), Northeast (NE), Prachuap Khiri Khan
(PK), Chumphon (CP), and Peninsular Thailand (S).
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A total of 3 bands were scored from SSCP analysis of TECU marker in 7.
collina and all bands were variable (absent in at least one individual).Genetic
diversity was only observed in Prachuap Khiri Khan, Chumphon, and Peninsular
Thailand populations (Table 3.4). The percentage of polymorphic bands for these 3
regions was 50% while the mean expected heterozygosity, H, varied from 0.063 —
0.158. No polymorphic bands and H. were observed in North, Central, and Northeast

populations.

The unbiased genetic distance betweenpairs of geographic regions was 0.000-
1.994. Significant geographic heterggeneity was observed in most pairwise
comparisons of regions analyzed by Fsi-based statistics, @pr (P < 0.05) and the exact
test (P < 0.0001) except.the pairwise comparison of North, Central, and Northeast and
the pairwise comparisef of Chumph(l_)n versus cither Prachuap Khiri Khan or
Peninsular Thailand and (Table” 3.5}. “The results indicated no degrees of
differentiation betwecn North, Central, %hd Northeast and between Chumphon and
Peninsular Thailand (@pr = 0.000) whilé_:tJhe}_strong degrees of differentiation were

observed in other comparisons (@p]i: 0.892}0:948).

AMOVA analysis revealed sign@é‘c{'ﬁt molecular variability among 6
population groupings; North, Central, Nofthédst,- Prachuap Khiri Khan, Chumphon,
and Peninsular Thatland (88%, @py = 0.877, P = 0.001)-Higher variance component
was observed among 4 populations; North—to-centra'I; Prachuap Khiri Khan,

Chumphon, and Peninsular Thailand (90%, ®@pr = 0.903;P = 0.001, Table 3.6).



Table 3.4 Comparison of SSCP bands and the expected heteroz ﬁ;xw._:t y ,’ ﬂ)CU marker from 6 populations of 7. collina in Thailand
L

SSCP Bands Central North alland Prachuap Khiri Khan  Chumphon
(N=96) (N=12) (N= (N=8) (N=13)
Number scored 1 2 2
Number fixed 1 1 1 1
Number absent 2 2 0 0
# polymorphic 0 0 1 1
% polymorphic 0% of 1* 0% of 1 50% of 2 50% of 2
(0% of 3)** (0% OF 3Bl 0k3)—— 3 (33.3% of 3) (33.3% of 3)
Mean H, 0.000 0. OOOB 0.00C 0. 63m 0.158 0.072
(= SD) (0.000) (0 OOO) ¢ £4(0.000) o (0.063) (0.158) (0.072)

*Total number of scorable SSCP bands in a particul a]e g

ba dsdcross all region
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Table 3.5 Pairwise Fsr-based statistics (@pr, below diagonal), 1 ‘-»\ ’y etic distance (in brackets) and the exact test (above

diagonal) of TECU marker among populations of 7. collina in Th »-,__w d /

(’ emnsular Prachuap
Central 1 Na Chumphon
\\\ . Thailand  Khiri Khan
‘ p000 'ﬂl‘ﬂ < 0.0001 P <0.0001 P <0.0001
Central (V=12) - \
0.000™ P < 0.0001 P <0.0001 P <0.0001
North (V=15)
(0.000)
0.000™ 0.000"¥asss. ord P <0.0001 P <0.0001 P <0.0001
Northeast (V= 23) ==
(0.000 (0.000) =42/ “ LA
Peninsular Thailand 0.899* “"' —oooet_______DLd3 2 P=03529  P=1.0000
(N=25) (1.265) m (1.26
Prachuap Khiri Khan 0.919%* .ﬂ 0* 0.283* P=0.7298
v-9) a5 ‘IJHF:]MVI?JVI@WH'WQ
0. 910* 0.920%* 0.938%* 0.000™ 0.201™

Chumphon (N = 13) q (‘W’g’] a ﬁ ﬂgi m u(mr] IJ\ w Ejor(])a El (0.062)

*significant differences at P < (?.05; ns, not significant
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Table 3.6 Analysis of Molecular Variance (AMOVA) of TECU marker for genetic
differentiation of 7. collina among 6 population groupings; North, Central, Northeast,
Prachuap Khiri Khan, Chumphon, and Peninsular Thailand (A), and among 4
populations; North-to-central (North+Central+Northeast), Prachuap Khiri Khan,
Chumphon, and Peninsular Thailand (B)

A. Six population groupings

Component % of total @pr  P-value

—

Among population 0.877 0.001

Within population

B. Four population group

Component % of total @pr  P-value

variance

Among population L 4 0.903 0.001

F
Within population
-

AUEINENINYINS
AR TUNMIINGAY
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3.4 Mitochondrial DNA diversity of 7. collina using PCR-SSCP

The three mitochondrial DNA gene segments; large subunit ribosomal RNA
(16S rRNA), cytochrome oxidase I (COI), and cytochrome b (cytb), were used for
genetic diversity and population structure studies of 7. collina. The specific primer
pairs of these 3 genes were successfully developed and amplified against 103
individual colonies of 7. collina. The amplified products were then characterized by

SSCP analysis to examine mtDNA polymorphisms.
3.4.1 Analysis of 16S ribosomal RNA«(16S rRNA) gene polymorphism

The expected produets (478 bp) were found in all investigated 7. collina
(103/103 nests accounting for L00% of investigated specimens). The products were
identified on the 11% mon.denaturing polyacrylamide gel (75:1 crosslink) to
characterize the 16S"TRNA gene polymerphisms (Figure 3.17). Seventeen SSCP
phenotypes were obsefved: (appendix B):. "Jlfhe nucleotide sequences of 6 common
phenotypes (pattern A, B, C; D, E, and F, Fiigure 3.18), which observed in at least 4
individuals, were different «due to a isz' indel (T) and several SNPs. The
phylogeographic pattern of 6 haplotypes wéig Shown in Figure 3.19. The pattern A was
found in all 7. collina from Prachuap I(lrl.hi'Jf'I.‘(han (12/12 nests, 100%) and most
individuals from Central (16/19 nests, 84.2‘%): The pattern-B, C, and D were observed
in samples from Northeast (6725 fiests;, 24%; 5/25 tnests, 20%; 4/25 nests, 16%,
respectively). The pattern E, which was different from pattern F by 3 point mutations
was distributed in all individuals from Chumphon (11/11 nests, 100%) and some
individuals from Peninsular Thdilaad (5/25-nésts, 20%), wheredas most of them (20/25

nests, 80%) were observed in pattern F.

Twenty-ninc scored fragments were considered polymoiphic. Gene diversity
was observed in North, Central, Northeast, and Peninsular Thailand (Table 3.7). All
scorable bands of each population were polymorphic bands except those from
Prachuap Khiri Khan and Chumphon had only fixed bands (present in all samples of
particular region). The mean expected heterozygosity (H.) varied from 0.043-0.065
in North, Central, Northeast, and Peninsular Thailand.
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15

16 17

AULINENINYINT
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differenfqgeographic regions in Thailand; North population (lanes 6-9 A, 5-9 B, and 2-
3, 7 C), Central population (lanes 2-5 A, 4 B, and 5-6 C), Northeast population (lanes
10-13 A, 10-13 B, and 4, 8-14 C), Peninsular population (lanes 14-17 A and 14-15 B),
Prachuap Khiri Khan population (lanes 1 A, 1-3 B, and 1 C), and Chumphon

population (lanes 16-17 B and 15-17 C).
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ATGGCTGCAGTATAACTGACTGTACAAAGGTAGCATAATCAATTGATTTTTAAATGAAAT
ATGGCTGCAGTATAACTGACTGTACAAAGGTAGCATAATCAATTGATTTTTAAATGAAAT
ATGGCTGCAGTATAACTGACTGTACAAAGGTAGCATAATCAATTGATTTTTAAATGAAAT
ATGGCTGCAGTATAACTGACTGTACAAAGGTAGCATAATCAATTGGTTTTTAAATGAAAT
ATGGCTGCAGTATAACTGACTGTACAAAGGTAGCATAATCAATTGGTTTTTAAATGAAAT
ATGGCTGCAGTATAACTGACTGTACAAAGGTAGCATAATCAATTGGTTTTTAAATGAAAT

Ak hhkhk kA hkhk A hkhkrhkdkhhhkhkhhkhkhkhkhkhkhkhkdkrhkhkhkhhkrhkdkrhkhkhkkhkx *rxkkrhkdrkhkkkkhkx

CTGGAATGAAAGGATTAATGAAATATATACTGTCTCATGTATATAAAGTGAATTTAAAAT
CTGGAATGAAAGGATTAATGAAATATATACTGTCTCATGTATATAAAATGAACTTAAAAT
CTGGAATGAAAGGATTAATGAZ TATACTGTCTCATGTATATAAAATGAACTTAAAAT
CTGGAATGAAAGGATTAA ACTGTCTCATGTATATAGAGTGAATTTAAAAT
CTGGAATGAAAGGATTAATGAAAT TCTCATGTATATAAAATGAACTTAAAAT
CTGGAATGAAAGK'K;AAAT CTCATGTATATAAAATGAACTTAAAAT

**********%’******* ‘w********** * kkkk Kkkkkkkk

ACCCTATAGAATTTTATATTG
GACCCTATAGAATTTTATATTG

TATTTGGTTGGGAGGACTATTAAAT
ATTTGGTTGGGAGGACTATTAAAT
TTTGGTTGGGAGGACTATTAAAT

TGPAGTAATATTTGGTTGGGAGGACTATTAAAT

*hkx khkkkhkrkkhkrhkhkhkk A hkkrhkrhkhkxkkxk

TTGACTAACTTTAATTTT ATACAATGATCTTTAAATTA
TTGACT TTTAATTTTT GATTACTTTGATTAAA ATACAGTGATCTTTAAATTA
TTGACTAAC TTAATTTTTTGATTA TGATTAAAGAAAATACAATGATCTTTAAATTA

*x ok Kk kxok * kkkkkk khkkk kkhkkkrkkkkkxkxk

AUEIENINENNS

AQATATCTAGATTAAATTACCTTAGGGATAACAGCGTAATATTTTTTTATAGATCGTATA
AAATATCTAGATTAAATTA‘CTTAGGGATAAEAQCGTAATATTTTIEIATAGATCGTATA

TTGACT::ITTTAATTTTT—GAT
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Figure 3.18 Alignment of 6 patterns of 16S rRNA gene from 7. collina in Thailand.

Asterisk indicated the same nucleotides among 6 patterns.
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GAAAAAAATGATTGCGACCTCGATGTTGAATTAAGATAAATTTTAAACGCAGGAGTTTAA
GAAAAAAATGATTGCGACCTCGATGTTGAATTAAGATAAATTTTAAACGCAGGAGTTTAA
GAAAAAAATGATTGCGACCTCGATGTTGAATTAAGATAAATTTTAAACGCAGGAGTTTAA
GAAAAAAATGATTGCGACCTCGATGTTGAATTAAGATAAATTTTAAACGCAGGAGTTTAA
GAAAAAAATGATTGCGACCTCGATGTTGAATTAAGATAAATTTTAAACGCAGGAGTTTAA
GAAAAAAATGATTGCGACCTCGATGTTGAATTAAGATAAATTTTAAACGCAGGAGTTTAA

Ak hkhkhkhkhkrhhkhhhkrhhkrhhhkhhhkhkhkdhhkrhhkrhkhkhkhhkrhkhkrhkhkhkhkhkhkrhhkrhhkrxkkkkhkxx

TGATTAAGTCTGTTC Hifﬁ 1 ACATGATTTGAGTTCAAATCGACGTAAGT
TGATTAAGTCTGT AARATCITACATGATTTGAGTTCAAATCGACGTAAGT
TGATTAAGTCTGI ) ﬁ!f*' [T TGATTTGAGTTCAAATCGACGTAAGT

1 YT ATGATTTGAGTTCAAATCGACGTAAGT
TTTGAGTTCAAATCGACGTAAGT
ATGATTTGAGTTCAAATCGACGTAAGT

kA hkrhkhkrhkkhkrxkkkkkxkxx
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Figure 3.19 Pﬂ%lloge(%raphlc patteg;n deduced from 16S rRNA ne haplotypes of T.
collm@)ﬁwmdﬂ W WrEIQrﬂtilhnes indicated
inferred iutation steps. Letter N represented the amount of 7. collina possessing each
pattern. The percentages were calculated from the total number of 7. collina in a
particular region; North (11 nests), Central (19 nests), Northeast (25 nests), Prachuap
Khiri Khan (12 nests), Chumphon (11 nests), and Peninsular Thailand (25 nests).
Capital letters behind percentage were abbreviations of Central (C), Northeast (NE),
Prachuap Khiri Khan (PK), Chumphon (CP), and Peninsular Thailand (S).



Table 3.7 Comparison of genetic diversity in six populations of 1 \ “I NA T. collina in Thailand
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SSCP Bands Central North _ i Thalland Prachuap Khiri Khan ~ Chumphon
(N=103) 19) (11) // / ) (12) an
Number scored 4 | - I"' 2 2
Number private 2 6 0 0
Number fixed 0 0 2 2
Number absent 25 22 27 27
# polymorphic 4 7. 0 0
% polymorphic 100% of 4 100%0£7—H0%« , %o o 0% of 2 0% of 2
(14% of 29)**  (24% of E) %ﬁ29) (0% of 29) (0% of 29)
Mean H, 0.043 0.061 = 0.065 0.047 0.000 0.000
(=SD) (0.024) @uﬁ ’J qﬂ &ﬂ j W EJO’JZﬂ ‘j (0.000) (0.000)

*Total number of scorable SSCP bands in aﬁqﬁaﬁ a) Q gﬁa mbﬁﬁqﬁ]b?ﬂ El.ngﬁ{sEli region
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The unbiased genetic distance between pairs of populations was 0.003-0.148
(Table 3.8). Significant geographic heterogeneity was observed in most pairwise
comparisons of regions analyzed by Fsr-based statistics, @pr (P < 0.05). The exact
test revealed significant genetic differences in comparison between Peninsular
Thailand and each population. The results indicated strong degree of differentiation in
each comparison (@pr = 0.070-0.826) whereas no degrees of differentiation was

found between Prachuap Khiri Khan and Chumphon.

AMOVA analysis showed high molecular variance components among 6
populations; North, Central, Northeast, Prachuap Khiri Khan, Chumphon and
Peninsular Thailand (56%.,.@pt = 0.5631 P = 0.001), among 5 population groupings;
North, Central, NortheasiyPrachuap Khiri Khan+Chumphon, and Peninsular Thailand
(44%, ®pr = 0.437, P.=0.001), and between North and South of Isthmus of Kra
(33%, Prr = 0.334, P = 00014 Tablé 3:9y:

3.4.2 Analysis of cytochrome oxidase I (COY) gene polymorphism

The expected products (497 bp) Y-Wéfe found in 73 nests from total 103
investigated 7. collina, accounting for 71%‘81’ investigated specimens. To characterize
the polymorphisms, the products were run orrthe 11% non-denaturing polyacrylamide
gel (Figure 3.20). Four common SSCP patterns (patternsA, B, C, and D) of all 34
patterns were sequenegd (Figure 3:21; appendix B): Thewr nucleotide sequences were
unlike by several SNPs. The pattern A was found in samples from Prachuap Khiri
Khan (6/10 nests) and one individual from Central (1/10 nest). Both pattern B and C
were observed.in Samples froin Cliuniphen (2/11inests fot By 2/11 nests for C) and
Peninsular Thailand (6/22 nests for B, 3/22 nests for C) while pattern D was
distributed.in.these-from Peninsular ;Thailand (6/22 nests):

Fifty-seven SSCP bands were scored as polymorphic. Gene diversity was
observed in all 6 populations, North, Central, Northeast, Prachuap Khiri Khan,
Chumphon and Peninsular Thailand (Table 3.10). No fixed bands were present in all
populations of 7. collina. The percentage of polymorphic bands for all populations
was 100%. The mean expected heterozygosity (H.) for 6 populations was in the
vicinity (He = 0.029-0.039).



Table 3.8 Pairwise Fsr-based statistics (Ppr, below diagonal), Nei s (16 #
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ic distance (in brackets) and the exact test (above diagonal) of

) ) .. . N
16S rRNA gene among six populations of 7. collina in Thailand
g g six pop Y
( eninsular Prachuap
Central . Northe - Chumphon
‘ \ - Thailand Khiri Khan
= 0i0 )0 P.<0.0001 P =1.0000 P =0.0001

Central (N=19) -

0.527* P < (0.0001 P=0.0075 P=0.0821
North (V=11)

(0.078)

0.419* P <0.0001 P=0.0304 P=0.0321
Northeast (N = 25)

(0.071)
Peninsular Thailand 0.690* V_"_' ‘ = P <0.0001 P =0.0008
(V=25) (0.107)
Prachuap Khiri Khan 0.070 ‘0&16* 0.4.9’2* 0.783* - P =0.0005
=12 wooff| 14 Elods¥) 21 Vst 217 2%

U
0.826* 0.650% ¢ 0.483* =, 0.726* o 0.000 ™ -

Chumphon (N = 11) Q(@ﬂ(ﬂ a ﬁ mlﬁ)m ('mg’;] IJ\ w E;l(;;];)a (0.148)

*significant differences at P < 0.05; ns, not significant
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Table 3.9 Analysis of Molecular Variance (AMOVA) of 16S rRNA gene for genetic

differentiation of 7. collina among 6 population groupings; North, Central, Northeast,

Prachuap Khiri Khan, Chumphon, and Peninsular Thailand (A), among 5 populations;

North, Central, Northeast, Prachuap Khiri Khan+Chumphon, and Peninsular Thailand

(B), and between North (North+Central+Northeast+Prachuap Khiri Khan) and South
(Chumphon and Peninsular Thailand) of Isthmus of Kra (C)

A. Six population groupings

Component df Estimate % of total @pr  P-value
Variance variance
Among population 8 1.069 56 0.563 0.001
Within population W 083 1 44
B. Five population groupings
Component df Estimate % of total ~ Per  P-value
Variance variance
Among population 4 0819 44 0437  0.001
Within population 98 1.057 56
C. North andSouth of Isthmus of Kra
Component df Estimate % of total , , Per  P-value
Variance variance
Among population 1 0.696 33 0.334 0.001
Within population 101 1.388 67
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Figure 3.20 The SSCP pattern of tbe amplified COI gene of T. c llina from different

oA IR INH )7 0 o

population (lanes 11-13 A and 1, 4-6 B), Northeast population (lanes 6-7 A and 8-17

C), Peninsular population (lanes 2-5 A and 10, 16 B), Prachuap Khiri Khan
population (lanes 14 A and 2-3, 7 B), and Chumphon population (lanes 1 A and 8-9,
11-15 B).
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Pattern A

CATTCATCTCCTTCTGTTGATTTTACTATTTTTTCAATTCATATGACTGGGGTTTCATCT
CATTCATCTCCTTCTGTTGATTTTACTATTTTTTCAATTCATATGACTGGGGTTTCATCT
CATTCATCTCCTTCTGTTGATTTTACTATTTTTTCAATTCATATGACTGGGGTTTCATCT
CATTCATCTCCTTCTGTTGATTTTACTATTTTTTCAATTCATATGACTGGGGTTTCATCT

Ak hkhkhk kA Ak kA hhkrhkdk Ak hhkhk kA hkhhkhkhrkhkdrhkdkhkhhkrhkdkrhhkhkhkhkhkhkrhkhkrhkdrxkhkkkkhk*x

ATTTTAGGATCACTAAATTTTATTGTAACAATTTTTATAATAAAAAATTTTTCAATTAGG
ATTTTAGGGTCACTAAATTTTATTGTAACAATTTTTATAATAAAAAATTTTTCAATTAGC
ATTTTAGGGTCACTAAATTTCATTGTAACAATTTTTATAATAAAAAATTTTTCAATTAAC
ATTTTAGGGTCACTAAATTTTATTGTAACAATTTTTATAATAAAAAATTTTTCAATTAAC

hhkhkhhkhkkhkkx KhhAkhkkhkrAhkdhhdhkk dhkkhhkhkhhkhkhkrhkkhkhkhkdkrhkdkrhdkhkhkhkrhkxkhkhkrkhxkkxk

TATGATCAAATTACACTATTTTCTTGATCTATTTCAATTACTGTAATTCTTTTAATCATC

TATGATCAAATTACACTATTT TCTATTTCAATTACTGTAATTCTTTTAATTGTC
ATTTCAATTACTGTAATTCTTTTAATCATC

TATGATCAAATTACACTA
TATGATCAAATTACA%E?i_ TTCAATTACTGTAATTCTTTTAATCATT
************ﬁ‘-“h % * x ¥

* PR i i S b b b b I I I b I b b b b i 4 *
— e
TCTCTTCCTm@GGAG!fATmTTATTTGATCGAAACTTTAATACT

TCTCTTCCT AG TATT TATTTGATCGAAATTTTAATACT
TCTCTTCCTGTT CTTTTATTTGATCGAAACTTCAATACT
TCTCTTCC ATTTGATCGAAATTTTAATACT

Xk kK khk Kk kKX KKKk kAKX KAKkKhhAkkhkhkhkkhkhkkhkhkx *k *kkkk*%

TCATTT
TCATTTTT

TCATTTTET G GGA Tbi‘TACCAACATCTATTTTGATTC
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d - #
Kk kK k kK kK kKKK ATAE AL L k& KR
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if* K Kok kKK K K * Kk kKK Kk Kokk Kk Kk Rk ok ok ok ok ok kX Kk ok ok ok ok ok x
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Figure 3.21
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Alignment of 4 patterns of COI gene from 7. collina in Thailand.

Asterisk indicated the same nucleotides among 4 patterns.



Table 3.10 Comparison of genetic diversity in six populations o \‘\%\ ¢ ”/// ollina in Thailand
SN /

=

SSCP Bands Central North heast  Pen and Prachuap Khiri Khan ~ Chumphon
(N=173) (10) (10) (10) an
Number scored 17 13 7 12
Number private 10 11 1 6
Number fixed 0 0 0 0
Number absent 40 44 50 45
# polymorphic 17 13 . 7 12
% polymorphic 100% of 17*  100% of &rfE:"'_Z-__‘E:':""’-_‘;a: '. 100% of 7 100% of 12
(30% of 57)**  (23% of57)m(180 8 0 57m (12% of 57) (21% of 57)
Mean H, 0.034 0.039 ¢ 40,030 o 0.034 0.029 0.033
(= SD) (0.008) (O@Zu H ‘(’JOQG)ﬂ ﬂ j WO&V] ﬂ ‘j (0.013) (0.010)

*Total number of scorable SSCP bands in qqrﬁlﬁeara ”ﬁTﬁlﬁbﬁﬁoyf@ﬂ E‘lﬁaﬁ;ﬁ region
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The unbiased genetic distance between pairs of populations was 0.009-0.033
(Table 3.11). Significant geographic heterogeneity was observed in almost all
pairwise comparisons of regions analyzed by Fsr-based statistics, @pr (P < 0.05)
except between Chumphon and Peninsular Thailand. The degree of differentiation in
each comparison varied from 0.062 (between Chumphon and Peninsular Thailand) to

0.378 (between Northeast and Prachuap Khiri Khan).

AMOVA results revealed significance molecular variance components among
6 populations; North, Central, Northeast, Praghuap Khiri Khan, Chumphon and
Peninsular Thailand (20%, @p; = 0.2043 P =0.001), among 5 population groupings;
North, Central, Northeast, Prachuap Kh-iri Khan; and Chumphon+Peninsular Thailand
(21%, ®pr = 0.208, P_=0.001), and between North and South of Isthmus of Kra
(11%, @pr=0.106, P =0:001; Table 3: lb)

3.4.3 Analysisof cytochrome bLeytb) gene polymorphism

The expected produets (316 bp) were found in 91 investigated 7. collina
(91/103 nests accounting for 88% of mvestlgated specimens). Thirty-four SSCP
phenotypes were obtained when the products were characterized on the 12.5% non-
denaturing polyacrylamide gel (Flgure 3 227—append1x B). The nucleotide sequences
of 8 common SSCP phenotypes (pattern A, B, C, D, E, E;-G, and H) were dissimilar
by several SNPs (Figuie 3:23). The phylogeographic pattern of them was shown in
Figure 3.24. Both péttern A and B were found 1n specimens from Central (10/15
nests, 66.7% for A, 4/ 15 nests, 26.7% for B). Pattern C was observed in those from
Prachuap Khiri.Khan (6/8 mests; [75%). The patterti D'and E,*which were different by
1 point mutationjwere observed in Northeast population (5/24 nests, 20.8% and 7/24
nests, 29%, tespectively)~Pattern, K, G, and H were, distributed-in individuals from
Peninsular “Thailand' (7/23" nests,“30.4%, 10/23 “nests, “43.5%," 4/23" nests, 17.4%,
respectively). In addition, one individual from Chumphon (1/11 nests, 12.5%) was

found in pattern F.
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Table 3.11 Pairwise Fsr-based statistics (@pr, below diagonal \\ \l etic distance (in brackets) and the exact test (above diagonal)
. ) oo . ot
of COI gene among six populations of 7. collina in Thailand = )
g g six pop | L
: ' _ eninsular Prachua
Central ( . Northeast. P Chumphon
‘ \\\ . Thailand  Khiri Khan

22 o600 /| P~ 10000 P=09998  P=10000  P=10000
Central (V = 10) - \
P 7l . L

0.144%* P=0.9729 P =1.0000 P =1.0000
North (V= 10)

(0.019)

0.189* P=0.9976 P =1.0000 P =1.0000

Northeast (N =10)

(0.020)
Peninsular Thailand 0.110* : '. P =0.9947 P =1.0000
(N=22) (0.013) (0. ' ]D
Prachuap Khiri Khan 0.153* 0.313* 0.378* 0.281* . P =1.0000
v=10) oo 14 Bloaki| £ Viowsi\ ) 6

0.083;"I 0.190* &  0233* = 0062™ @  0.276* ;
chumphon (V=10 qq(m;] BINGLD EU Hdi) 9 VI @hod O B) o6

*significant differences at P < 0.05; ns, not significant
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Table 3.12  Analysis of Molecular Variance (AMOVA) of COI gene for genetic

differentiation of 7. collina among 6 population groupings; North, Central, Northeast,

Prachuap Khiri Khan, Chumphon, and Peninsular Thailand (A), among 5 populations;

North, Central, Northeast, Prachuap Khiri Khan, and Chumphon+Peninsular Thailand

(B), and between North (North+Central+Northeast+Prachuap Khiri Khan) and South
(Chumphon and Peninsular Thailand) of Isthmus of Kra (C)

A. Six population groupings

Component df Estimate % of total @pr  P-value
Variance variance
Among population 8 0.419 20 0.204 0.001
Within population 67 ‘.l ',_6.40 80
B. Five population groupings
Component df Estimate % of total ~ Per  P-value
Variance variance
Among population 4 0437 21 0208  0.001
Within population 68 1.666 79
C. North andSouth of Isthmus of Kra
Component df Estimate % of total , , Per  P-value
Variance variance
Among population 1 0.223 11 0.106 0.001
Within population 71 1.873 89
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13 14 15 16 17

b3 14 15 16 17
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geograp c regions in Thailand; North population (lanes 5-8 A, 13-17 B, and 6-8 C),
Central population (lanes 1-4 A, 6-7, 11-12 B, and 1-3 C), Northeast population
(lanes 9-12 A, and 9-12 C), Peninsular population (lanes 13-16 A, 1-2, 4 B, and 16 C),
Prachuap Khiri Khan population (lanes 5, 8-10 B and 4-5 C), and Chumphon
population (lanes 17 A, 3 B, and 13-15 C).
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Figure 3.23

TTGTAGAGTGATTATGAGGAGGATTTTCTATTAATAATTCTACTCTTAATCGATTTTTTT
TTGTAGAGTGATTATGAGGAGGATTTTCTATTAATAATTCTACTCTTAATCGATTTTTTT
TTGTAGAGTGATTATGAGGAGGATTTTCTATTAATAATTCTACTCTTAATCGATTTTTTT
TTGTAGAGTGATTATGAGGAGGATTCTCAATTAATAATTCTACTCTTAATCGATTTTTTT
TTGTAGAGTGATTATGAGGAGGATTCTCAATTAATAATTCTACTCTTAACCGATTTTTTT
TTGTAGAGTGATTATGAGGAGGATTTTCTATTAATAATTCTACTCTTAACCGATTTTTTT
TTGTAGAGTGATTATGAGGAGGATTTTCTATTAATAATTCTACTCTTAATCGATTCTTTT
TTGTAGAGTGATTATGAGGAGGATTTTCTATTAATAATTCTACTCTTAATCGATTCTTTT

hhkhkhkhkhkhkrhkhkrhkhkrhhkrhhkhkkhhkhkhdx *kx ,rxkhkhkrkhkhkrkhkhkrhkhkrhhkrkhkdrdx *hkhkx*kx ***xx*x

CACTACATTTTATTTTACCATTTATTATTCTTATTTTAGTATTTATTCATATTATAATAT
CACTACATTTTATTTTACCATTTATTATTCTTATTTTAGTATTTATTCATATTATAATAT
CATTACATTTTATTTTACCATTTATTATTCTTATTTTAGTATTTATTCATATCATAGTAT
CATTACATTTTATTTTACCATTTAFT TTCTTATTTTAGTATTTATTCATATTATAATAT
CATTACATTTTATTTTACCATTTAT. TETTATTTTAGTATTTATTCATATTATAATAT
CATTACATTTTATTTTACCATTTAT Tf;ETATTTTAGTATTTATTCATATCATAGTAT
CATTACATTTTATTTTACCATTTATTA-_SQTKTTTTAGTATTTATTCATATCATAGTAT
CGTTACATTTTATTTTACCATTTATTATICPTATT TTAGTATTTATTCATATTATAGTAT
* B R B T b I S S b b SINE S0 I e S
e -
TGCATACATCT CAAATCCAATCCACTCAAAAATAAATATCTATAAAATTTCAT
TGCATACAﬂefggﬁfQTTCAAA CAATCCATTCAAAAATAAATATCTATAAAATTTCAT
TGCATATATC Al “TC@AAC CAATTCATTCTAAAATAAATATTTATAAAATTTCAT
f ATCCAATTCATTCAAAAATAAATATTTACAAAATTTCAT

TGCATA CTEGATCTTCARACCCAATTCATTCTAAAATAAATATTTATAAAATTTCAT

TGCATATATCIGG TCAAATCEAATTCATICTAAAATAAATATTTATAAAATTTCAT

&l

4 —-I‘ .
TTTATCCATARI THE TAATTAAAGATATAGT AL CTAT TTTATTTACTATTTTATTATTTA
TTCATCCATATTTEGTAAFTAAAGATATAGTAAC TATTTTATTTACTATTTTATTATTTA
TTTACCCGTACTETGCAATTAAAGA: ATAGTAACTATTTTGTTTATTATTTTATTATTTA
TTTATCCATAT TA@A&T&AAAGE@ﬁé@IMCTATTTTATTTACTATCTTATTATTTA
TTTATCCATATTTTATAATTAAACATATAGTAACTATTTTATTTACTATCTTATTATTTA
TTTATCCATACTTCGCAARTAAAGATATAGEAACTATTTTGTTTACTATTTTATTATTTA
TTTATGQATACTTCGG‘AATTAAAGAH&’TA‘@TAACTATT TGTTTACTATTTTATTATTTA

TTTATC@ATACTTTGCAATTAAAGATATAGTAACTATT-?QTTTACTATTTTATTATTTA
* * *\ﬁ«z %yj ok ok ok kokok ok okok ok ok ok ok ok ok Kk

w i s
TACTTTTAAATTTTCAGATACCTTATTTTTTAAGAGATCCTGATAATTTTAAAATAGCTG
TACTTTTékATTTTCAGATACCTTATTTTTTAAGAGKISCTGATAATTTTAAAATAGCTG
TATTTTTAAATCTTCAGGCACCCTATATTTTAAGTGATCCAGATAATTTTAAAATAGCTG
TACTTTTAAATEETCAGATACCTTATTITTTTAAGAGATCCTGATAATTTTAAAATAGCTG
TACTTTTAAATTTTCAGATACCTTATTTITTAAGAGATECCTGATAATTTTAAAATAGCTG
TATTTTTAAATTTITCAGGCACCCTATATTTTAAGTGATCCAGATAATTTTAAAATAGCTG
TATTTTTAAATTTTCAGGCACCCTATATTCTAAGTGATCCAGATAATTTTAAAATAGCTG
TATTTTTAAATTTTCAGGCACCCTATATTTTAAGTGATCCAGACAATTTTAAAATAGCTG

Xk KAhkkkkhkkkhkk Kkkkkk *hk kkhkk kk Akkk kkkkk kk kA EF kkkhkkkkkkkkk

ATCCTATAGTTACTCCIGHE
ATCCTATAGTTACTCC 316
ATCCTATAGTTACTCC 316
ATCCTATAGTTACTCC 316
ATCCTATAGTTACTCC 316
ATCCTATAGTTACTCC 316
ATCCTATAGTTACTCC 316
ATCCTATAGTTACTCC 316

kKhkkkAhkhkkkhkkkkkkKk*)k*k
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Alignment of 8 patterns of cytb gene from 7. collina in Thailand.

Asterisk indicated the same nucleotides among 8 patterns.
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v ¢ o Q/

Figur@.Zw ay@é&ﬁlﬁ mradewcfeq a%&aea ﬂollina (pattern
A, B, Cq, D, E, F, G, and H). Numbers along connected lines indicated inferred
mutation steps. Letter N represented the amount of 7. collina possessing each pattern.
The percentages were calculated from the total number of 7. collina in a particular
region; North (10 nests), Central (15 nests), Northeast (24 nests), Prachuap Khiri
Khan (8 nests), Chumphon (11 nests), and Peninsular Thailand (23 nests). Capital
letters behind percentage were abbreviations of Central (C), Northeast (NE), Prachuap
Khiri Khan (PK), Chumphon (CP), and Peninsular Thailand (S).
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A total of 38 scored SSCP bands were considered polymorphic. Genetic
diversity was observed in all 6 populations, North, Central, Northeast, Prachuap Khiri
Khan, Chumphon and Peninsular Thailand (Table 3.13). The percentage of
polymorphic bands for all populations was 100% and the mean expected
heterozygosity (H.) varied from 0.033-0.050.

The unbiased genetic distance between pairs of populations was 0.015-0.072

(Table 3.14). Significant geographi ogeneity was observed in all pairwise

comparisons of regions analyzed. ;atistics, Dpr (P < 0.05). The results

omparison ranged from 0.079

(between Northeast and : .6 Central and Prachuap Khiri
Khan) | \

AMOVA an “high n nce components among 6
populations; North, o 4 iri Khan, Chumphon and
Peninsular Thailand (29¢ B between North and South of
Isthmus of Kra (13%,

AU INENINYINS
ARIAN TN INGINY



Table 3.13 Comparison of genetic diversity in six populations of ¢ n g ollina in Thailand
NGO /

_4.:"..-

SSCP Bands Central North \ hanland Prachuap Khiri Khan ~ Chumphon
(N=91) 15) (10) / / \\ ® an
Number scored 5 = \ 4 14
Number private 1 6 > 1 6
Number fixed 0 0 0 0
Number absent 33 25 34 24
# polymorphic 5 13 4 14
% polymorphic 100% of 5* 100% “&?—'};‘_"_’:‘1::_—-'-7-“; 8 ' 100% of 4 100% of 14
(13% of 38)**  (34% ofﬁ) Y0 O@S) (11% of 38) (37% of 38)
Mean H, 0.033 0.050 ¢ & 0.049 0.042 0.039 0.050

(£ SD) (0.017) ﬂ) uﬁ ’J %Io&l)‘n ‘j W &Lrg)ﬂ ‘j (0.020) (0.012)

*Total number of scorable SSCP bands in aﬁwﬁ a) Q *x Tﬁ mbiriﬁ ,1 %ﬁ Ergu] ﬁ!sili region
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Table 3.14 Pairwise Fsr-based statistics (@pr, below diagonal), Ne ﬁﬂenc distance (in brackets) and the exact test (above diagonal)

of cytb gene among six populations of 7. collina in Thailand

(‘ ""-deninsular Prachuap
Central 0 Chumphon
- *‘\\ hailand Khiri Khan
048383 P: P = (.2885 P=10.5338 P=0.6770

Central (N =15) - ',

0.411* 0.861 P=0.1845 P =1.0000 P =0.9992
North (V= 10)

(0.048)

i -

0.286* 0. W Hjaas. i - 14k P =0.0288 P=10.9038 P=0.8864
Northeast (N = 24) -

(0.031) (0.019 - J:‘M* b L
Peninsular Thailand 0.431* L'c‘-"""‘ P=0.3312 P =0.8609
(N=23) (0.041) m(o 0
Prachuap Khiri Khan 0.627%* 0.497* - P=0.9979
-9 oof w@mmwmm

0. 346* 0.082* 0.079* 0.229* 0.289* -

Chumphon (N =11) Q(ﬂ&r] ﬂﬁ(ﬂﬁm uﬁﬁﬂ? ﬂ Eﬂﬂ El (0.040)

*significant differences at P < 0.05
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Table 3.15 Analysis of Molecular Variance (AMOVA) of cytb gene for genetic
differentiation of 7. collina among 6 population groupings; North, Central, Northeast,
Prachuap Khiri Khan, Chumphon, and Peninsular Thailand (A), and between North
(North+Central+Northeast+Prachuap Khiri Khan) and South (Chumphon and
Peninsular Thailand) of Isthmus of Kra (B)

A. Six population groupings

Component 7 % of total @pr  P-value
v ari@ariance
Among population NN 0.294  0.001

Within population

B. North and South ¢ s ]

Component % of total @pr  P-value

variance

Amongpopulatio-_ : v v Ay, 0.133 0.001
—_— ‘\

.ﬁ7

F
Within population
-

AUEINENINYINS
AR TUNMIINGAY
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3.4.4 Analysis of geographic population structure based on all 3 mtDNA

gene polymorphisms

Although the specimens used to examine the data were the same sample set
but the number of amplified specimens was inconsistent in each mtDNA gene.
Therefore, the positively amplified specimens by the primers of 3 mtDNA genes were

used to analyze (61 nests).

A total of 113 SSCP bands were generated from the data of 3 mtDNA genes.
Genetic diversity was observed in all ‘6 populations, North, Central, Northeast,
Prachuap Khiri Khan, Chumphon andjPeninsular Thailand (Table 3.16). No fixed
bands were present imwsamples from North, Central, Northeast, and Peninsular
Thailand except thoseffom Prachuap Khiri Khan and Chumphon. The mean expected
heterozygosity (H.) varied from 0.03.0—0.J‘(t)5’|2.

The unbiased génetic distance beﬁvggn pairs of populations was 0.029-0.067
(Table 3.17). Significant geograﬁhic hé{erbgeneity was observed in all pairwise
comparisons of regions analyzed by F gT-B&ée’d statistics, @pr (P < 0.05). The degree
of differentiation in each comparlson Varled from 0.231 (between North and

Northeast) to 0.515 (between Prachuap Khm:Khan and Peninsular Thailand).

4 -’—I

AMOVA analysis showed 51gn1ﬁcance molecular Variance components among

6 populations; Nortﬁ;_(jentral, Northeas-t: rPréchuap Khiri Khan, Chumphon and
Peninsular Thailand (37%, @pr = 0.369, P=0.001, Table 3.18).
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Table 3.16 Comparison of genetic diversity in six population and cytb gene in T. collina in Thailand

SSCP Bands Central North ofiticast  Penifisular Thailand Prachuap Khiri Khan  Chumphon
(N=61) ©) ®) : \\\ () (an
Number scored 20 30 f o= " \'\ 13 28
Number private 10 21 3 13
Number fixed 0 0 2 2
Number absent 93 83 100 85
# polymorphic 20 30 11 26
% polymorphic 100% of 20* 100% o ’a—"_"_:"'-zf-_"'-'""" 5 85% of 13 93% of 28
(18% of 113)**  (26.5% of 19) @113) (10% of 113) (23% of 113)
Mean H, 0.043 0.052 ¢ & 0.047 0.040 0.030 0.033

(£ SD) (0.010) ﬂu EJ ’3 qn &Ly] j W Ho’goﬂ ‘j (0.009) (0.007)
*Total number of scorable SSCP bands in aﬁ,wﬁr a) q i Tp_cj mbirgm ;1 %ﬁ El@s] ﬁ!sili region




86

Table 3.17 Pairwise Fsr-based statistics (@pr, below diagonal), Nei’s (] etic distance (in brackets) and the exact test (above diagonal)
T ﬁ

of 16S rRNA, COI, and cytb gene among six populations of 7 --'»:.;27‘

Central y ‘

m

—J

eninsular Prachuap Chumphon

\ Orneas -
\\\ - Thailand Khiri Khan
1.0000 ; :t‘ P=1.0000 P=1.0000

Central (N = 6) -

0.264* P =1.0000 P =1.0000
North (V=238)
(0.045)
0.244%* P =1.0000 P =1.0000
Northeast (N =10)
(0.038)
Peninsular Thailand 0.399* i(.—-_-—--l_"__— ----- g ‘ -1 P=0.9907  P=0.9645
(N =20) (0.048)
Prachuap Khiri Khan 0.234%* .ﬂ&l* 0.3@* 0.515% - P =1.0000
=0 ook VBl | B Vil 2 V66
U .
0.363%* 0.324%* ¢ 0309% e 0.402* aus 0.462 -
crampon =10 %) Jhol DG ad E1 Hlilo) I V1 Gbed B
q( .049) .04 0.042) 46 (0.062)

*significant differences at P < 0.05
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Table 3.18 Analysis of Molecular Variance (AMOVA) of 16S rRNA, COI, and cytb

gene for genetic differentiation of 7. collina among 6 population groupings; North,

Central, Northeast, Prachuap Khiri Khan, Chumphon, and Peninsular Thailand

Component

df Estimate % of total ®pr  P-value

Variance variance

Among population

Within population

Il ' 37
A

3.

0.369 0.001

4

|

AULINENINYINT
PAIATUAMINYAE



CHAPTER 1V

DISCUSSION

The Indo-Malayan stingless bees have divided into those which easily
distinguished from others and those which required studies to discriminate from
others (Sakagami, 1978). Morphological and nest architecture characters were usually
used for taxonomic identification. Most Inde-Malayan stingless bees could be
unambiguously classified based on morpholegy whereas those belonging to the
subgenus Tetragonula aretaxonemic problematic (Sakagami, 1975; 1978). Moreover,
Franck et al. (2004) iavestigated the taxonomic significance of nest architecture in
Australian Trigona by#13 microsatellité lIQci. They reported that nest architectures
were relevant but not suffigicnt fo discriﬁllinate T hockingsi and T. davenporti but

they could be differentiated at the genetic'fle\?el.

In Brazil, Melipona quadriﬁzsciétﬁz “quadrifasciata, which possesses 3-5
continuous yellow stripes and M. quadriﬁichqta anthidiodes, which possesses 2-5
interrupted stripes on the terga of the 3" an(jk6ti’:' segments in workers and males, have
been found. Inter-subspecific hybrids exh{Bitfﬁg intermediate stripe patterns were
found in some areas of Brazil-A-750 bp RAPD marker-from OPE(07 was present in
the former, except stingless bees from northern Minas Gerais but was absent in the
latter subspecies (Waldschmidt et al., 2000). Subsequently, Souza et al. (2008)
reported restriCtion |analysis tof ©ytochrome b (withy Fapl=and present the first
population analysis from a large number of M. quadrifasciata colonies (155 colonies)
from different geographical origin. The mitochofidrial DNA_ molecular marker could

successfully differentiate thes€ M quadrifasciata subspecies.

Thus, species identification is necessary, particularly when species could be
misidentified morphologically. AFLP is a multiple-locus fingerprinting, enabling the
identification of genetic markers at different taxonomic levels, without the need for
knowledge of sequences of the genome under investigation (Vos et al., 1995). It has
been widely used to study polymorphism among populations and species (Blear et al.,
1998; Mueller et al., 1999) and to identify species-diagnostic markers in various taxa

(Lui and Cordes, 2004; Klinbunga et al., 2007).
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Thummajitsakul et al. (2010) successfully developed a species-diagnostic
AFLP derived marker for identification of 7. pagdeni. The expected 163 bp fragment
(CUTpl) was amplified in all examined individuals of 7. pagdeni (129/129 nests).
Nevertheless, cross-species amplification was also observed in 7. fimbriata (1/3
nests), 7. collina (11/112 nests), T. laeviceps (1/12 nests) and T. fuscobalteata (15/15
nests) but not in 7. apicalis, T. canifrons, T. itama, T. melina, T. minor, T. terminata,
T. doipaensis, T. melanoleuca and T. thoracica and L. furva. SSCP analysis of CUTpl1
further differentiated 7. fuscobalteata and'T: collina from T. pagdeni. Although, T.
laeviceps, T. fimbriata and T. pagdeni shared an identical SSCP genotype but they are

not taxonomically problematic.species.

The AFLP technique*Was applied in this study. Using 64 primer combinations
against 11 stingless bee species,a 316 bp fragment generated by Pstliagr/Mselicag
was found in Tetragonilla collina "but ‘not in the other genus and species of
investigated stingless bees. Basically, an AFLP approach is composed of several steps
(i.e., genomic DNA sdigestion, adaptllo_rb ligation, preselective, and selective
amplification of the digested/ligated fragm,eif;lté-, PAGE and silver-staining; Muller and
Wolfenbarger, 1999), limiting the ability t;:._?:futjk_lyenticate a large number of specimens
within a short period of time. AS a result, @eéies-diagnostic sequence-characterized
amplified region (SCAR) markers wefe furthér rdeveloped from candidate species-
specific AFLP fragmeénts found in 7 collina (called CUTcl). Nucleotide sequence of
CUTcl was regarded as an anonymous DNA segmient because they did not match any
sequence in the GenBank. The developed SCAR marker was tested in larger sample
sizes of previously examined ‘species and additional ‘four stingless bee species (239
nests) that wer€ not analyzed in screening of AFLP primer (Tetragonula laeviceps,

Tetrigona melanolencay Lepidotrigona terminatarandiliisotrigona furya).

The expected amplification product (259 bp) was found in all Tetragonilla
collina individuals (134/134 nests accounting for 100% of investigated specimens)
but not in the other genus and species of investigated bees, Tetrigona apicalis,
Lophotrigona  canifrons, Lepidotrigona doipaensis, Homotrigona fimbriata,
Tetragonula fuscobalteata, Heterotrigona itama, Tetragonula laeviceps, Tetrigona
melanoleuca, Tetragonula melina, Tetragonula minor, Geniotrigona thoracica,

Lepidotrigona terminata and Lisotrigona furva. Nevertheless, cross-species
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amplification was found in Tetragonula pagdeni (275 bp, 43/51 nests, 84.3%). Thus,
species-specific PCR of the CUTcl marker successfully discriminated Tetragonilla
collina from 13 other stingless bee species. However, the differentiation between
Tetragonilla collina and Tetragonula pagdeni can also be carried out based on nest

architecture and external morphology (Sakagami, 1978; Sakagami et al., 1985).

SSCP analysis, which is favored for identifying species origins of various
taxa, due to its convenience and cost-effectiveness (Orita et al., 1989; Weder et al.,
2001; Klinbunga et al., 2007), was then applied to determine whether nucleotide
sequences of CUTcl in Tetragonula pagdeni and Tetragonilla collina were different.
Non-overlapping SSCP “patterns between Tefrasonilla collina and Tetragonula
pagdeni were observed and Nucleotide sequences of representative individuals of
these species were different (Figure 3.8). Therefore, a species-diagnostic marker for

Tetragonilla collina was successfully developed.

The CUTcl SCAR marker is conYenient and cost effective for differentiation
of T. collina from other stingless becs in Thailand. This is convenient for molecular
geneticists who are not familiar with speciq;si Eﬁfferentiation based on nest architecture
and external morphology of stingless bees. M(_)reover, both CUTecl (this study) and
CUTpl (Thummajitsakul et _al.,” 2010) shE_u_lfi_ be concurrently used to eliminate
possible misidentification problems between Tefragonilla collina and Tetragonula

pagdeni when new geographic populations of these species‘are examined.

Interestingly, the differentiation of CUTcl marker in 7. collina was observed
when examinedsby SSCP.analysis, Genotypic, distribution patterns of CUTcl were
different in stingless “bee“from ‘the " north-to-central’ region (259/259 bp alleles
corresponding to the AA genotype found in 76/8I=mests) sample and most individuals
of T. collina from-peninsular Thailand.(253/253 bp alleles cortesponding to the BB
genotype found in 42/53 nests). Moreover, heterozygotes exhibiting 253/259 bp
alleles (AB genotype) were observed in stingless bees from Prachuap Khiri Khan
located slightly above the Kra ecotone (5/28 nests) and those from peninsular
Thailand (Chumphon, Ranong, Surat Thani and Nakon Si Thammarat, 11/53 nests).
The re-examination of representative individual carrying AA, AB, and BB genotypes
by denaturing gel electrophoresis and their nucleotide sequences confirmed the

genotypic differences of these species (Figure 3.9). Genotype distribution patterns of
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CUTcl strongly suggested biogeographic differentiation between 7. collina

originating from north and south of the Kra ecotone.

Analysis of genetic diversity and population differentiation is essential for
genetic research (population genetics, phylogenetics, molecular taxonomy and
systematics, and evolutionary studies) of various organisms (Avise, 1994). In
addition, Basic knowledge of genetic population structure is required for effective
management of native bee species. TE-AFLP method provides a high discriminatory
fingerprinting. It can reduce the number of bands, making it suitable for analysis of

complex genomes (van der Wuiff et al., 2000).

DNA fingerprints wereused in &ﬁs study to analyze the geographic pattern of
genetic variation and différentiation in Thai 7. collina. Individuals representing 98
nests were collected from four geograph'ic regions: the North, Northeast, Central and
Peninsular Thailand. Relatively high genéﬁc diversity within each geographic sample
of Thai T. collina was obseryed from T}_%I-AFLP analysis (74 -83% of total variance
occurs within region; Table3.3), _suggestiﬁg that inbreeding is not a major concern for
this species at present. Significant genctic ﬁi_fferentiation among the four geographic
regions was detected with approximately '-2"6% of observed variance explained by
differentiation among the geographic region;_(gépT =0.258, P =0.001). Although we
also investigated other ways to partition our samples by Combining them into two or
three larger geographic units, such as samples north and<south of the Kra ecotone,
none partitioned variance as etfectively as grouping nests into the North, Central,
Northeast and South geographic regions (values of @py were lower, ranging from

0.172 to 0.207; Table 3.3).

The pattern of genetic diffefentiation in Zacollina was different from that of
honey ‘bees; ' Apis (cerana (Sihanunthavong et aly 1999; Sittipraneed et al., 2001b;
Songram' et al., 2006) and Apis dorsata (Insuan et al., 2007) where there was clear
differentiation between the North-to-Central group (North, Northeast and Central
regions) and South group (Peninsular Thailand), but no significant differentiation was
detected among North, Northeast and Central honey bee. In Thai T. pagdeni, genetic
diversity and biogeography based on TE-AFLP analysis were reported. The
differentiation between all pairs of populations was clearly observed, as in 7. collina,

but the strongest differentiation levels were found between Northeast and other
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populations (@pr = 0.21, P = 0.001; Thummajitsakul et al., 2008) while the high

differentiation levels in 7. collina were observed among 4 geographic regions.

In T. collina, Peninsular Thailand-Northeast (@pr = 0.359) and Peninsular
Thailand-North (@pr = 0.334) revealed stronger degrees of geographic differentiation
than other comparisons (@pr = 0.076 - 0.242) when pairwise comparisons were
considered by AMOVA (Table 3.2). Interestingly, the Central region showed the
greatest diversity (55% of bands are polymorphic and H, = 0.141; Table 3.1), and
lower degrees of genetic differentiation was found between this and other populations
(Table 3.2). The information suggests that 7..eollina from the Central region may
have ancestrally colonized other parts of Thailand or alternatively colonization of T.
collina may have occurred.in'the‘opposite direction, from surrounding regions into the
central area. The use of additional nucléar and mitochondrial DNA markers on large
sample sizes of T. collina from different geographic regions in Thailand would clarify

this speculation.

However, genetic variation and diffgrqntiation in T. collina was also analyzed
by TE-AFLP derived SCAR marker (TECI{;_:irflérker) using SSCP analysis. Individuals
representing 96 nests were the same set of samiples in genetic variation studies by TE-
AFLP. Genotypic distribution of TECU maﬁ;_e{. showed 3 different patterns. Pattern |
was found in all 7} cellina from the north-to-central region while pattern II and III
were distributed in-$tingless bees from Prachuap Khiri Khan, Chumphon, and
Peninsular Thailand. ' Nucleotide scquences of each pattern showed their
phylogeographic pattern. Based on number of mutations, pattern I and III were
different by seven mutation steps, and pattern Il was intermediate between pattern I

and III (Figure 3716).

As a tesult; population genetie studies of the Asian honey bee (4. cerana) in
Thailand" using mitochondrial DNA and microsatellite polymorphism revealed the
biogeographical transition area between Mainland and Sundaland populations located
at the Kra ecotone (at Tup Sa Kae, Prachup Kiri Khan, 11°31°N, 99°35’E, and Bang
Sapan, Prachup Kiri Khan, 11°24°N, 99°31°E; Deowanish et al., 1996; Smith and
Hagen, 1996 and 1999; Sihanuntavong et al., 1999; Warrit et al., 2006). A pattern of
geographic differentiation of the giant honey bee (4. dorsata) in Thailand between

north-to-central and peninsular Thailand populations was also noticed found, based on
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microsatellite analysis (Insuan et al., 2007). In addition, the small but significant
differentiation between bees from north and south of the Isthmus of Kra was also
detected in Thai 7. pagdeni (Thummajitsakul et al., 2008). The sample grouping for
population genetic studies except those by TE-AFLP analysis was North, Central,
Northeast, Prachuap Khiri Khan, Chumphon, and Peninsular population (6

populations).

Analysis of 7. collina using TECU marker, the North, Central, and Northeast
regions showed no genetic diversity within‘each region (0% of polymorphic bands
and H. = 0.000; Table 3.4), and no significant~differentiation was detected among
Northern populations (North, Central, and Northest), between Chumphon and
Prachuap Khiri Khan, and bétweéen Chumphon and Peninsular Thailand (Table 3.5).
The level of differentiation among 4 populations (North-+Central+Northest, Prachuap
Khiri Khan, Chumphon, and/Peninsular Thailand) was higher than those among 6
populations (Table 3:6). The pattern of genetic differentiation strongly indicated
differentiation betweensbegs from north“'lz.arid south of Kra ecotone, as previously
genotypic distribution patterns of CUTc1, ,\i/hJéreas it was different from the study of
T. collina based on TE-AFLP analysis.lilﬁowever, the lower differentiation (but
significance) between bees from north andféoﬁth of Kra ecotone was also found in
analysis by TE-AFLP (Tabie' 3.3B). Th.e's‘é_-érﬁight oceur from the difference of
investigated position.”/The analysis of CUTcl and TECU markers was determination
in particular region while TE-AFLP analysis was in whole genomic DNA (more than

one region).

Like honey bees, A..cerana and A. dorsata as aforementioned, biogeographic
differentiation between bees from mnorth and south of the Kra ecotone was also
observed in Thai #! pagdeni based on mtDNA polymotphism (cytb, ATPase(6, 8),
and 16S'tRNA gene; Thummajitsakul, 2008). The patterns of mtDNA variation in 7.
collina were examined to estimate genetic diversity and population structure, and
determine if it shows a break in mtDNA haplotypes north and south of the Kra

ecotone.

The mtDNA diversity of 16Sr RNA, COI, and cytb gene was investigated in
this study. Since there was inconsistent amplification of 7. collina in each mtDNA

gene, the results were first analyzed separately for each gene. Then, those specimens
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for which all 3 mtDNA genes were successfully amplified were used in the combined
analyses. For investigation of each gene, high levels of polymorphisms for 16S rRNA,
COl, and cytb (%P: 0 to 52%; H.: 0.000 to 0.065 (Table 3.7); %P: 12 to 30%; H.:
0.029 to 0.039 (Table 3.10); %P: 11 to 37%; H.: 0.033 to 0.050 (Table 3.13),
respectively) were detected which indicated SSCP analysis is a powerful tool for
estimating genetic diversity in 7. collina. In addition, the number of haplotypes from
polymorphisms of COI and cytb were 34 patterns and the lower haplotypes of 16S
rRNA polymorphism was 17 patterns. However, the statistic values for 16S rRNA
polymorphism were the highest values.

In polymorphismi™ 6f 16S rRNA gene, the values of ®pr for pairwise
comparisons (considered by AMOVA) revealed stronger degree of geographic
differentiation in Central-Chumphon (@pr = 0.826) than other comparisons (@pr =
0.070-0.783; Table 3.8). Eor polymorphism of COI gene, the @pr values for pairwise
comparisons showedhigher /degree, off ‘differentiation in Prachuap Khiri Khan-
Northeast (@pr = 0.378) than others (@p;;“ = 0.062-0.313; Table 3.11). The pairwise
genetic distance values of gytb detected the highest degree of differentiation in
Prachuap Khiri Khan-Central (@p5 = 0. 627) and the other comparisons ranges in
0.079-0.497 (Table 3.14). When overall data of 3 genes were combined, Prachuap
Khiri Khan-Peninsular (@py = 0.515) also revealed stronger degrees of differentiation
than others (@pr = 0.231-0.462; Table 3.17). These results indicated a similar trend of

biogeographic differentiation between 7. collina from north and south of Kra ecotone.

High levels of genetic variation among individuals within each population
were observed 1n all'3 genes (44-67% of tetal variance occurs within region for 16S
rRNA polymorphism, Table 3.9; 79-89% of total variance for COI polymorphism,
Table "3.12; and AL-87% oftotal variance for cytb polymorphism, Table 3.15).
AMOVA analysis for 16S rRNA, COI, and cytb genes of T. collina samples detected
genetic differentiation among 6 populations (North, Central, Northeast, Prachuap
Khiri Khan, Chumphon, and Peninsular population), with @py = 0.563, 0.204, and
0.294 respectively (P = 0.001, Table 3.9A, 3.12A, 3.15A). The overall analysis of 3
genes also showed significant genetic differentiation among the 6 populations with
37% of observed variance explained by differentiation among populations (@pr =

0.369, P = 0.001; Table 3.18). However, no degree of differentiation was observed
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between Prachuap Khiri Khan and Chumphon in 16S rRNA polymorphism (Table
3.8) and between Chumphon and Peninsular in COI polymorphism (Table 3.11) when
pairwise comparisons were considered by AMOVA. As the result, the other partitions
for genetic variance of 16S rRNA and COI genes were estimated by combining any
groups that showed no significance between pairwise comparisons together. AMOVA
analysis showed slightly higher molecular variance components among 5 populations
for COI polymorphism (North, Central, Northeast, Prachuap Khiri Khan, and
Chumphon+ Peninsular Thailand; @py = 0.208, P = 0.001; Table 3.12B) while the
molecular variance components among 5 populations for 16S rRNA polymorphism;
North, Central, Northeast, Prachuap’ Khiii KhantChumphon, and Peninsular
Thailand, were lower (@pr = 0437, P = 0.001, Table 3.9B). Additionally, the
significant genetic differentations between samples from north and south of Isthmus
of Kra were also found in polymorphism of 165 rRNACOI, and cytb genes (Ppr =
0.334, 0.106, and 0.133srespectively, %0.001; Table 3.9C, 3.12C, 3.15B).

The haplotype pattemn of each gen“lle_that was observed in at least 4 individuals
were chosen to sequence in this study. The':;hﬁmber of mutational steps between each
haplotype was estimated from. the sequerlfrq'é'_gl_ata to illustrate the phylogeographic
patterns of 16s rRNA and cytb géne haplotyﬁeé -:While the pattern of COI gene was not
considered because there was no pattern .bf_-SEimples from northern Thailand. The
phylogeographic patt€rn of 16S rRNA indicated differentiated groups (Figure 3.19):
Northeast (pattern B, C, D), Central and Prachuap Khiri Khan (pattern A), Chumphon
and a few from Peninsular (pattern E), and the rest Peninsular (pattern F). The
geographic differentiation” was' also observed from the phylogeographic pattern of
cytb (Figure 3.24): Northeast (pattern D and E), Central (pattern A and B), Prachuap
Khiri Khandpattern, C)y Chumphon: and some~from¢Peninsular Fhatland (pattern F),
and the rest Peninsular (pattern G and H). These followed the' AMOVA result of 16S
rRNA and cytb gene which showed the genetic differentiation among each
population. However, the phylogeographic pattern of 16S rRNA and cytb genes
present the trend of differentiation between samples from north and south of Isthmus
of Kra, as the results considered by AMOVA that found the significant genetic

differentiations between samples from north and south of Isthmus of Kra.
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The mtDNA polymorphism studies of 4. cerana indicated that 4. cerana from
the north-to-central region was recognized to the Asian mainland group, whereas bees
from peninsular Thailand and Samui Island were recognized to the Sundaland group.
The shift from the Asian mainland to the Sundaland mitotypes of honey bees, A.
cerana in Thailand had been proposed to occur at the Isthmus of Kra at Bang Sapan,
Prachuap Khiri Khan (11°24°N, 99°31°E) to Tha Sae, Chumphon (10°34°N, 99°06’E)
which corresponds to the Kra ecotone (Sihanuntavong et al., 1999; Smith et al., 1999;

2005; Sittipraneed et al., 2001b; Warrit et al.,2006).

Thummajitsakul (2008) examined the.population structure within Thai 7.
pagdeni using mitochondrial diversity of cyth, ATP(6.8), and 16S rRNA genes. The
result indicated differentiatton<among North, Central, Northeast, Prachuap Khiri
Khan, Chumphon, ands Peniwnsular ‘populations and also found significant

differentiation between bees from north and south of the Isthmus of Kra.

In the present study, the analysi:s of mtDNA polymorphism in 7. collina
revealed the high differgntiation levelh"-_vanal_ong 6 populations (North, Central,
Northeast, Prachuap Khiri Khan, Churnphﬁ(jp_, 'and Peninsular Thailand). The smaller
but significant differentiation between bees’--frb@n North and South of Isthmus of Kra

was also observed, as previously teported in,-;%lg_gerana and T. pagdeni.

The Central tegion showed the greatest diversity and lower degrees of genetic
differentiation between-this and other populations werc-found by using TE-AFLP but
this were not observed by mtDNA analysis. This observation that can be detected
using nuclear DNA ,but, not mtDNA.may. be,explained-by.the effect of the male
component because the-study of mtDNA' diversity provides'the relative importance of
female component (tracked with madternally inherited mtDNA). The rate of gene flow
may vaty among male and female lineages as previously reposted in 4. cerana by
microsatellite (Sittipraneed et al., 2001a). They reported the separate group of
Northeast population from North and Central population while this was not observed

by mtDNA studies.

Basic knowledge of genetic population structure is required for effective
management of native bee species (Thummajitsakul et al., 2008). The ability to
identify population differentiation within 7. collina is also the important for

establishing natural management of resources and conservation programs for this
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native species. The information indicated that 7. collina from North and South of the
Isthmus of Kra should be treated and genetically managed separately but they also
showed the variation among individuals within each region. This may help in

maintaining out-breeding population structure of this species.

Since there was no significant differentiation among Northern population
(North, Northeast, and Central) when population structure of this species were

investigated by CUTcl and TECU marker while this significance was observed in
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CHAPTER V

CONCLUSION

In AFLP analysis, a 316 bp fragment generated by Pstlpg1/Mselcac was found
in Tetragonilla collina but not in 11 other stingless bee species. It was cloned and

sequenced to develop 7. collina-specific marker (called CUTcl).

The CUTcl marker was successfully discaminated Tetragonilla collina from the
13 other stingless bee species and Sscp analysis of CUTcl marker could further

differentiate Tetragonula pagdeni from Tetragonilla collina.

This marker is convenient for differentiation of Tetragonilla collina from other
stingless bees in Thailand and witl h§lp to prevent misidentification species for

molecular systematic,0f stingless bee's, and for population studies of 7. collina.

CUTcl marker also generated 3 genotypes in Thai I' collina (genotype AA, BB,
and AB) and thesc distribution paﬁerns strongly suggested biogeographic
differentiation between 7. cellina origiﬁgﬁijﬂg from North and South of Isthmus of

The DNA ﬁngefprints from TE-AFLP analysis, to analyze genetic variation in 7.

collina revealed high genetic diversity among individuals in each population.

AMOVA analysis indicated the significant genetic differentiation among four
geographic’ regions; North, Central, Northeast, and Peninsular Thailand. The
smaller but'significant differentiation was detected between samples from North

and South of Isthmus of Kra.

The' greatest genetic differentiation of 7. collina based on TE-AFLP derived
marker (TECU marker) using SSCP analysis was observed among four
populations; North+Central+Northeast, Prachuap Khiri Khan, Chumphon, and

Peninsular Thailand.
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The mtDNA diversity of 7. collina by using SSCP analysis of 16S rRNA, COI,
and cytb genes showed high genetic variation among individuals within each

population.

AMOVA analysis of the 16S rRNA, COI, and cytb genes revealed high genetic
differentiation among 6 populations; North, Central, Northeast, Prachuap Khiri
Khan, Chumphon, and Peninsular Thailand. The significant genetic
differentiations were also found between samples from North and South of

Isthmus of Kra.
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APPENDIX A

Sample collections

Collection sites of stingless bees used in this study

feafaninens
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Abbreviations corresponding to table of sample locations; N = North, NE = Northeast,

C = Central region and S = Peninsular Thailand



Location Region Abbreviation
Ayutthaya Central AY
Bangkok Central BK
Chonburi Central CB
Chanthaburi Central CT
Kanchanaburi Central KB
Lopburi Centpal LB
Nonthaburi Central NB
Phetchaburi Central PB
Prachuap Khiri Khan Central PK
Ratchaburi Central RB
Singburi Central SI
Suphanburi Central SP
Trat Central TR
Chiang Mai Nthh CM
Kamphaeng Phet North KP
Lampang North LP
Nan North NA
Phichit North PC
Phitsanulok Northt. PN
Phrae North PR
Sukho Thai North < ST
Uthai Thani North UH
Uttaradit North uT
Buriram Northeast BR
Chaiyaphum Northeast CY
Khon Kaen Northeast KK
Maha Sarakham Northeast MK
Mukdahan Northeast MD
Nakhon Ratchasima Northeast NR
Roi Et Northeast RE
SakhonNakhon Northeast SN
Sisaket Northeast SS
Surin Northeast SU
Ubon Rachathani Northeast UB
Udon Thani Northeast UuD
Chumphon Peninsular CP
Nakhon Si Thammarat Peninsular NT
Phatthalung Peninsular PT
Ranong Peninsular RN
Songkhla Peninsular SK
Surat Thani Peninsular SR
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Sample locations and map abbreviation of stingless bee nests used in this study



Total of 159 Tetragonilla collina were used in this study
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Code Population Province Locality
COL 1C Central Ratchaburi Muang district
COL 3C Central Kanchanaburi Sai Yok district
COL 4C Central Kanchanaburi Sai Yok district
COL 5C Central Kanchanaburi Sai Yok district
COL 6C Central Kanchanaburi Sai Yok district
COL 7C Central Kanchanaburi Sai Yok district
COL 8C Central Kanchanabuui Sai Yok district
COL 9C Central Kanchanaburi Sai Yok district
COL 10C Central Kanchanaburi Thong Pha Phum district
COL 11C Central Kanchanaburi Thong Pha Phum district
COL 12C Central Kanchanabuti Thong Pha Phum district
COL 13C Central Kanchanaburi Thong Pha Phum district
COL 14C Central Kanchanaburi Thong Pha Phum district
COL 15C Central Kanchanaburi Thong Pha Phum district
COL 16C Central Kanchanaburi Thong Pha Phum district
COL 17C Central Kanchanat;u_ri Thong Pha Phum district
COL 18C Central Kanchanaburi Thong Pha Phum district
COL 19C Central Kanchanabufis. Thong Pha Phum district
COL 20C Central Kanchanaburi ! Thong Pha Phum district
COL 21C Central ~  Prechuap KhEKhan Bang Saphan Noi district
COL 22C Central “Prechuap Khiri Khan " Bang Saphan Noi district
COL 23C Cetiiral Prechuap-Khiri-Khan——Bang Saphan Noi district
COL 24C Central Prechuap Khiri Khan ~ Bang Saphan Noi district
COL 25C Central Prechuap Khiri Khan ~ Bang Saphan Noi district
COL 26C Central Prechuap Khiri Khan =~ Bang Saphan Noi district
COL 27C Central PrechuapiKhiridKhan | ~Bafig Saphan Noi district
COL 28C Gentral Prechuap Khiri Khan-' Bang Saphan Noi district
COL 29C Central Prechuap Khiri Khan ~ Bang Saphan Noi district
COL30C Central Prechuap! Khiri'Kthan @ /Bang:Saphan Noi district
COL 31C Central Prechuap Khiri Khait ¥ Bang Saphan district
COL 32C Central Prechuap Khiri Khan ~ Bang Saphan district
COL 33C Central Chanthaburi Makham district
COL 34C Central Chanthaburi Makham district
COL 2N North Nan Pua district
COL 3N North Nan Pua district
COL 5N North Phrae Muang district
COL 6N North Phrae Muang district
COL 7N North Phrae Muang district
COL 8N North Phrae Muang district
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Code Population Province Locality
COL 9N North Uttaradit Laplae district
COL 10N North Uttaradit Laplae district
COL 11N North Uthai Thani Nong Chang district,
COL 12N North Uthai Thani Nong Chang district,
COL 14N North Uthai Thani Nong Chang district,
COL 17N North Uthai Thani Lan Sak district
COL 19N North Uthai Thani Lan Sak district
COL 21N North Uthai Thani Lan Sak district
COL 23N North Uthai Thani Lan Sak district
COL 24N North Uthai Thani Lan Sak district
COL 26N North Kamphaeng Phet Muang district
COL 27N North Kamphaeng Phet Muang district
COL 28N North Kamphaeng Phet Muang district
COL 30N North Chiang Mai San Sai district
COL 31N North Phichit Muang district
COL 32N North Phichit __ Muang district
COL 33N North Phichit' =/ § & Pho Thale district
COL 34N Norh Phichit Pho Thale district
COL 35N North Phiehit — == Pho Thale district
COL INE Northeast Khor Kaen'déa Nong Song Hong district
COL 2NE Northeast Khon Kaen-+ /4 Phra Yuen district
COL 3NE Northeast Khon Kaen T : Phra Yuen district
COL 6NE Nostheast ~ KhonKaen = Phra Yuen district
COL 7NE Northeast Khon Kaen Phra Yuen district
COL 9NE Northeast Khon Kaen Phra Yuen district
COL 10NE Northeast Khon'Kaen Phra Yuen district
COL 12NE Northeast Khon Kaen Phra Yuen district
COL 13NE Northeast Maha Sarakham Wapi Pathum district
COL 14NE Neortheast Maha Sarakham Wapi Pathum district
COL 15NE Northeast Maha Sarakham Wapi Pathum district
COL J6NE Northeast Maha Sarakham WapiPathvm district
COL 17NE Northeast RoiEt Muang district
COL 19NE Northeast Roi Et Chaturakphak Phiman district
COL 20NE Northeast Sisaket Kanthararom district
COL 22NE Northeast Sisaket Kanthararom district
COL 26NE Northeast Sisaket Kanthararom district
COL 29NE Northeast Sisaket Kanthararom district
COL 30NE Northeast Sisaket Kanthararom district
COL 3INE Northeast Sisaket Kanthararom district
COL 35NE Northeast Surin Tha Tum district
COL 39NE Northeast Surin Tha Tum district
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Code Population Province Locality
COL 43NE Northeast Buriram Nang Rong district
COL 44NE Northeast Buriram Nang Rong district
COL 46NE Northeast Buriram Nang Rong district
COL 48NE Northeast Buriram Nang Rong district
COL 49NE Northeast Buriram Nang Rong district
COL 50NE Northeast Sakhon Nakhon Phanna Nikhom district
COL 51INE Northeast Sakhon Nakhon Phanna Nikhom district
COL 52NE Northeast Sakhon Nakhon Phanna Nikhom district
COL 55NE Northeast Sakhon Nakhon Phanna Nikhom district
COL 56NE Northeast Chaiyaphum Phu Khiao district
COL 57NE Northeast Chaiyaphum Kaeng Khro district
COL 58NE Northeast Chatyaphum Kaeng Khro district
COL 59NE Northeast Udoen Thani Kut Chap district
COL 6INE Northeast Udon Thani Kut Chap district
COL 63NE Northeast. Ubon Rachathani Phibun Mangsahan district
COL 64NE Northeast Ubon Rachathani Phibun Mangsahan district
COL 65NE Northeast Ubon RacI'%athani Phibun Mangsahan district
COL 66NE Northeast Ubon Racﬁa_thani Phibun Mangsahan district
COL 69NE Northeast Mukdahan =+ Loeng Nok Tha district
COL 70NE Northeast Ubon Rachaﬁaani Sirinthon district
COL 7INE Northeast Khon Kaen-+244 Muang district
COL 28 Peninsular Chumphon T : Sawi district
COL 3S Peninsulaf ﬁC'humphon Sawi district
COL 58S Peninsulac Surat Thani Kanchanadit district
COL 6S Penmsular Surat Thani Chaiya district
COL 78 Peninsular Surat Thani Chaiya district
COL 118 Peninsular Surat Thani Tha Chang district
COL 14S Reninsular Ranong Muang-district
COL 158 Peninsular Ranong Muangdistrict
COL 16S Peninsular Ranong Muang district
COL #7S Reninsular Ranong Muang-distuict
COL 18S Péninsular Chumphon Muang district
COL 198 Peninsular Chumphon Muang district
COL 20S Peninsular Chumphon Muang district
COL 218 Peninsular Chumphon Lang Suan district
COL 228 Peninsular Chumphon Lang Suan district
COL 238 Peninsular Chumphon Lang Suan district
COL 24S Peninsular Chumphon Lang Suan district
COL 258 Peninsular Chumphon Lang Suan district
COL 26S Peninsular Chumphon Lang Suan district
COL 278 Peninsular Chumphon Thung Tako district
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Code Population Province Locality
COL 28S Peninsular Chumphon Sawi district
COL 29S8 Peninsular Chumphon Sawi district
COL 30S Peninsular Chumphon Sawi district
COL 31S Peninsular Chumphon Sawi district
COL 328 Peninsular Chumphon Muang district
COL 33S Peninsular Chumphon Muang district
COL 34S Peninsular Chumphon Muang district
COL 358 Peninsular Chumphon Phato district
COL 36S Peninsular Ranong Muang district
COL 378 Peninsular Ranong Muang district
COL 38S Peninsular Ranong+ Kra Buri district
COL 39S Peninsular Chumphon Muang district
COL 40S Peninsular Chumphon Muang district
COL 41S Peninsular Champhon Tha Sae district
COL 428 Peninsulag Stivat Fhanis Chaiya district
COL 438 Peninsular Surat Thani Chaiya district
COL 44S Peninsular Surat Tharj Chaiya district
COL 458 Peninsular Surat Thallllic_ Kanchanadit district
COL 478 Peninsular Surat Thani * Phun Phin district
COL 48S Peninsular Surat Thant' 4/ ' Phun Phin district
COL 498 Peninsular Surat Thani- /4 Khiri Rat Nikhom district
COL 508 Peninsular Surat Thani T : Khiri Rat Nikhom district
COL 528 Penipsulaf’ Surat Thani Vibhavadi district
COL 53S Peninsulac Surat Thani Vibhavadi district
COL 54S Penihsular Surat Thani Vibhavadi district
COL 558 Peninsular Surat Thant Vibhavadi district
COL 56S Peninsular Surat Thani Vibhavadi district
COL 57S Reninsular Surat; Thani Vibhavadi district
COL 58S Peninsular Surat Thani Tha Chana district
COL 59S Peninsular Nakhon Si Thammarat ~ Sichon district
COL .60S Peningular Nakhon SifThammaraty /Sichon-distnict
COL 61S Péninsular NakhonSi Thammatat I Muang district
COL 628 Peninsular Nakhon Si Thammarat Muang district
COL 638 Peninsular Nakhon Si Thammarat Muang district
COL 64S Peninsular Nakhon Si Thammarat Thung Song district
COL 66S Peninsular Nakhon Si Thammarat Thung Song district
COL 678 Peninsular Nakhon Si Thammarat Thung Song district
COL 68S Peninsular Nakhon Si Thammarat Thung Yai district




Total of 106 other stingless bees were used in this study
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Code Species Population Province Locality
APIOSC Tetrigona apicalis Central Ratchaburi Chom Bueng district
API06C Tetrigona apicalis Central Ratchaburi Chom Bueng district
API0O7C Tetrigona apicalis Central Ratchaburi Chom Bueng district
APIO8C Tetrigona apicalis Central Ratchaburi Suan Phueng district
APIO2N Tetrigona apicalis North Chiang Mai Hang Dong district
APIO3N Tetrigona apicalis North Chiang Mai Muang district
API15N Tetrigona apicalis North Kamphaeng Phet Muang district
APII6N Tetrigona apicalis North Kamphaeng Phet Muang district
APIO1S Tetrigona apicalis Peninsular Nakhon Si Thammarat Chang Klang district
API10S Tetrigona apicalis. Peninsular Chumphon Sawi district
API12S Tetrigona apicalis Peninsular Chumphon Muang district
API13S Tetrigona apicalis Penins%lar Chumphon Muang district
CANO1S Lophotrigona.eanifrons Peninsu!ar Surat Thani Chaiya district
DOI14N Lepidatrigona doipaensis North — "I Chiang Mai Mae Rim district
FIMOIN Homotrigonafimbriata : Noﬁh T‘ 2 Chiang Mai Muang district
FIMO02NE Homotrigona fimbriata "Northeas;f " Sisaket Muang district
FIMO4NE Homotrigona fimbriata ¢ Northeas{:'” ;Ubon Rachathani Phibun Mangsahan district
FUS02C Tetragonula fuscobalteata :Central A ? i(anchanaburi Sai Yok district
FUS05C Tetragonula fuscobalteata — Central J" Kanchanaburi Sai Yok district
FUS08C Tetragonula fuscobaltea}ﬁ Cenfral ;iﬁ-’;mchanaburi Sai Yok district
FUSOIN Tetragonula fuscobalteata- . North :'fr.,_‘gtga_radit Laplae district
FUSITIN Tetragonula fuscobalteat-c-z » North 4 (;hiang Mai, | Mae Rim district
FUSI5N Tetragonu'lal.fusarbuﬁemu—North—Pllrae— Wang Chin district
ITMO1S Heterotri gbhé itama Peninsular Songkhla ’ Hat Yai district
ITMO03S Heterotrigona itama Peninsular Surat Thani_ Singhanakhon district
ITM04S Heterotrigona itama Peninsular Surat Thani Chaiya district
ITMO5S Heterotrigonaitama Reninsulap Surat-Thani Chaiya district
LOO3N Tetragonula laeviceps North Phitsanulok Muang district
L004N Tetragonula laeviceps North Phitsanulok Muang district
LOO6N Tetragonula laeviceps North Phichit Muang district
LOO7N Tetragonula laeviceps North Phichit Muang district
LOO8N Tetragonula laeviceps North Phichit Muang district
LOI9N Tetragonula laeviceps North Phrae Wang Chin district
MELAOIN Tetrigona melanoleuca North Chiang Mai Muang district
MELO1S Tetragonula melina Peninsular Surat Thani Kanchanadit district
MINO2N Tetragonula minor North Nan Pua district
MINO04N Tetragonula minor North Uttaradit Laplae district
MINO7N Tetragonula minor North Uttaradit Laplae district
MINOSN Tetragonula minor North Uttaradit Laplae district
MINI10ONE Tetragonula minor Northeast Ubon Rachathani Muang district
MINIINE Tetragonula minor Northeast Ubon Rachathani Muang district
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MINI4NE Tetragonula minor Northeast Sisaket Huai Thap Than district
MINO1S Tetragonula minor Peninsular Songkhla Muang district
PAGOO3E Tetragonula pagdeni Central Trat Khao Saming district
PAGO04E Tetragonula pagdeni Central Trat Bo Rai district
PAGO09E Tetragonula pagdeni Central Chanthaburi Khlung district
PAGO10E Tetragonula pagdeni Central Chanthaburi Khlung district
PAGO12E Tetragonula pagdeni Central Chanthaburi Makham district
PAGO15E Tetragonula pagdeni Central Chonburi Muang district
PAGO16E Tetragonula pagdeni Central Chonburi Sriracha district
PAGO01IC Tetragonula pagdeni Central Nonthaburi Pak Kret district
PAG003C Tetragonula pagdeni Centraly Nonthaburi Pak Kret district
PAGO005C Tetragonula pagdeni Central Lopburi Muang district
PAG007C Tetragonula pagdeni Central Lopburi Muang district
PAGO010C Tetragonula pagdeni Centrall Suphanburi Muang district
PAGO013C Tetragonula pagdeni Central Singburi Muang district
PAGO014C Tetragonula pagdeni Cential L8 Singburi Muang district
PAGO15C Tetragonula pagdeni Central 'I" Nakhon Nayok Banna district
PAGO16C Tetragonula pagdeni ' Central IJ N Bangkok Pathumwan district
PAGO017C Tetragonula pagdeni ' Central J ’ Bangkok Pathumwan district
PAG022C Tetragonula pagdeni ¢entral ' ? "Bangkok Chatuchak district
PAG023C Tetragonula pagdeni 4 Cntral Bangkok Chatuchak district
PAG025C Tetragonula pagdent Central L;Pi‘letchaburi Banlad district
PAG026C Tetragonula pagdeni Central :-f,_‘_-Plh_etchaburi Banlad district
PAG027C Tetragonulapagdeni » Central - i;he;chaburi ‘ Banlad district
PAG029C Tetragonitla _pagdem—Geml—BrashuapKth Khan Muang district
PAGO030C Tetragonu?a bc_zgdeni Central Prachuap Khiﬁ'Khan Muang district
PAGO032C Tetragonula pagdeni Central Prachuap Khiri Khan Kui Buri district
PAGO038C Tetragonula p;zgdeni Central Prachuap Kh’iri Khan Sila Loi district
PAG049C Tetragonula pagdeni Central Ayutthaya Muang district
PAGO053C Tetragonula pagdeni Central Kanchanaburi Sangklaburi district
PAGO056C Tetragonula pagdeni Central Kanchanaburi Sai Yok district
PAGO57C Tetragonula pagdeni Central Kanchanaburi Sai Yok district
PAG059€C Tetragonula pagdeni Central Kanchanaburi Muang district
PAG069C Tetragonula pagdeni Central Prachuap Khiri Khan Bang Saphan district
PAGOIN Tetragonula pagdeni North Chiang Mai Hang Dong district
PAGO2N Tetragonula pagdeni North Chiang Mai Hang Dong district
PAGO3N Tetragonula pagdeni North Chiang Mai Hang Dong district
PAGO4N Tetragonula pagdeni North Chiang Mai San Sai district
PAG024N Tetragonula pagdeni North Nan Muang district
PAGO027N Tetragonula pagdeni North Sukho Thai Muang district
PAGO028N Tetragonula pagdeni North Sukho Thai Muang district
PAGO31IN Tetragonula pagdeni North Sukho Thai Sri Sum Rong district
PAGO002NE Tetragonula pagdeni Northeast Ubon Rachathani Muang district
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PAGO14NE  Tetragonula pagdeni Northeast Surin Kra Pho district
PAGOI9NE  Tetragonula pagdeni Northeast Khon Kaen Nong Wag district
PAGO23NE  Tetragonula pagdeni Northeast Roi Et Chaturakphak Phiman district
PAGO26NE  Tetragonula pagdeni Northeast Surin Kra Pho district
PAGO028S Tetragonula pagdeni Peninsular Chumphon Muang district
PAGO034S Tetragonula pagdeni Peninsular Chumphon Tha Sae district
PAGO035S Tetragonula pagdeni Peninsular Chumphon Muang district
PAGO039S Tetragonula pagdeni Surat Thani Muang district
PAGO077S Tetragonula pagdeni Tha Chang district
PAG092S Tetragonula pagdeni Thung Tako district
TEROIN Laplae district
TERO09C Chom Bueng district
TER1IN Some Ngam district
TERI13N Some Ngam district
TERO2NE Chaturakphak Phiman district
TERO4NE Chaturakphak Phiman district
TERO6NE Muang district
THO04C Muang district
THOO1S Geniotrigona Hat Yai district
THOO02S Geniotrigona tho Chaiya district
Lfur02NE Lisotrigona furva Ratchasima Chaloem Phra Kiat district
Lfur03C Lisotrigona furva Suan Phueng district
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APPENDIX B

TE-AFLP and SSCP Haplotypes

Forty- seven TE-AFLP patterns for the primer pair Xbal-CC/BamHI-C

Sample Population = Haplotype Code Haplotype
COL IC Central 29 0110110101h
COL 3C Central 9 0010010100h
COL 5C Central 44 1110110001h
COL 6C Central ‘ 40 1110010001h
COL 8C Central | 45 1110110101h
COL 10C @eniral 4 0000010001h
COL 13C Cenfral 22 0110010001h
COL 14C Central ' 27 0110110001h
COL 16C Qentral L\ N0 1110010001h
COL 20C Central - 35 1010010001h
COL 21C Cetral i\ 0010010100h
COL 24C Central ) 7 0010000001h
COL 26C Central #9139 1110000001h
COL 27C Central W 35 1010010001h
COL 28C Central #2403 0000010000h
COL 30C Central 34 1010010000h
COL 31C Central S 1000010101h
COL 32C Central 38 1100010101h
COL 33C Central 20 0110000010h
COL 34C Central 16 0100000100h
COL 2N North 43 1110100000h
COL 3N North 24 0110100000h
COL 5N North 24 0110100000h
COL 8N North 47 1111100010h
COL 9N North 22 0110010001h
COL 10N North 46 1111160000h
COL 11N North 27 011011000Th
COL 12N North 26 0110100100h
COL 14N North 24 0110100000h
COL 23N North 30 0110110111h
COL 24N North 17 0100010001h
COL 26N North 12 0010100000h
COL 27N North 31 0111100000h
COL 30N North 15 0010110001h
COL 3IN North 21 0110000100h

COL 32N North 21 0110000100h
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Sample Population  Haplotype Code Haplotype
COL 33N North 26 0110100100h
COL 34N North 21 0110000100h
COL INE Northeast 25 0110100010h
COL 2NE Northeast 13 0010100010h
COL 10NE Northeast 22 0110010001h
COL 13NE Northeast 11 0010011100h
COL 14NE Northeast 26 0110100100h
COL 17NE Northeast 24 0110100000h
COL 19NE Northeast 27 0110110001h
COL 20NE Northeast ) 0010110001h
COL 3INE Northeast 22 0110010001h
COL 35NE Nozxtheast 25 0110100010h
COL 43NE Northeast 31 0111100000h
COL 49NE Northeast 6 0000010110h
COL 51NE Northeast 24 0110100000h
COL 52NE Northeast ¥ 28 0110110011h
COL 56NE Northeast 4 19 0110000000h
COL 58NE Northeast ) 4 0110100000h
COL 59NE Northeast . 29 0110110001h
COL 6INE Northeast . 0010100100h
COL 64NE Northeast A 14 0010100100h
COL 65NE Northeast 248 0010000100h
COL 69NE Northeast =2 0000000100h
COL 70NE Northeast o8 0110010101h
COL 7INE Northeast 10 0010010101h
COL 58S Peninsular 42 1110011100h
COL 11S Peninsular 18 0100010100h
COL 16S Peninsular 8 0010000100h
COL 17S Peninsular 9 0010010100h
COL 18S Peninsular 38 1100010101h
COL 228 Peninsular 8 0010000100h
COL 26S Peninsular 4 0000010001h
COL 29S8 Peninsular 32 1000010100h
COL 288 Peninsular 32 1000010100h
COL 30S Peninsular 35 1010010001h
COL 328 Peninsular 36 1010010101h
COL 35S Peninsular 41 1110010101h
COL 36S Peninsular 5 0000010101h
COL 37S Peninsular 37 1100010001h
COL 38S Peninsular 37 1100010001h
COL 39S Peninsular 35 1010010001h
COL 40S Peninsular 37 1100010001h
COL 418 Peninsular 41 1110010101h
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Sample Population  Haplotype Code Haplotype
COL 428 Peninsular 35 1010010001h
COL 43S Peninsular 40 1110010001h
COL 458 Peninsular 1 0000000000h
COL 47S Peninsular 1 0000000000h
COL 48S Peninsular 36 1010010101h
COL 498 Peninsular 36 1010010101h
COL 508 Peninsular 36 1010010101h
COL 528 1010010001h
COL 53S 1010010000h
COL 558 1010010000h
COL 57S 1100010001h
COL 58S 1100010001h
COL 598 1110010001h
COL 60S 1100010101h
COL 61S 1100010101h
COL 62S 1110010101h
COL 66S 1110010001h
COL 67S 1110010001h
COL 68S 1100010101h
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Seventy-nine TE-AFLP patterns for the primer pair Xbal-CT/BamHI-C

Sample Population Haplotype Code Haplotype
COL 1C Central 55 01010000000000000111h
COL 3C Central 28 00011011000000010101h
COL 5C Central 20 00010001000110011101h
COL 6C Central 18 00010001000000010101h
COL 8C Central 21 00010001010001010101h
COL 10C Central 63 01010001100000010101h
COL 13C Central 28 00010011000000010001h
COL 14C Central 16 00010000100000011101h
COL 16C Central s 00010010000110011101h
COL 20C Central 6 00010000000000010101h
COL 21C Central 70 01110000000000000100h
COL 24C Central 56 01010000000000001001h
COL 26C Central 64 01010010000000001001h
COL 27C @entral i \TX 11010001010110011001h
COL 28C Central 54 01000101001000001001h
COL 30C Central '57 01010000000000001101h
COL 31C Central . 65 01010010000000101101h
COL 32C @entral 7 11010010000000101101h
COL 33C Central 30 00100000000000110000h
COL 34C Central Er; 00100000001000110000h
COL 2N North 11 00010000000000110101h
COL 3N North 11 00010000000000110101h
COL 5N Noith 21 00010001010001010101h
COL 8N North 45 00110000010001010011h
COL 9N North 14 00010000010001010101h
COL 10N North 15 00010000010001110101h
COL 1IN North 59 01010000000000010101h
COL 12N Nerth 6 00040000000000010101h
COL 14N North 7 00010000000000010110h
COL 23N North 46 00110000010001110101h
COL 24N North 43 00110000000000110101h
COL 26N North 41 00110000000000010101h
COL 27N North 19 00010001000000110101h
COL 30N North 18 00010001000000010101h
COL 31N North 15 00010000010001110101h
COL 32N North 11 00010000000000110101h
COL 33N North 44 00110000010001010001h
COL 34N North 11 00010000000000110101h
COL INE Northeast 42 00110000000000110001h
COL 2NE Northeast 34 00100000010001010001h

COL 10NE Northeast 40 00110000000000010001h
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Sample Population Haplotype Code Haplotype
COL 13NE Northeast 69 01101000000000110001h
COL 14NE Northeast 35 00100001000000010001h
COL 17NE Northeast 36 00100001000000110001h
COL 19NE Northeast 49 00110001000000110001h
COL 20NE Northeast 58 01010000000000010001h
COL 31NE Northeast 37 00100011000000010001h
COL 35NE Northeast 50 00110011000000010101h
COL 43NE Northeast 38 00100011000000110001h
COL 49NE Northeast 68 01100001000000111001h
COL 51NE Northeast 35 00100001000000010001h
COL 52NE Northeast 1 00110001000000010001h
COL 56NE Northeast 31 00100000000000110001h
COL 58NE Northeasi 29 00100000000000010001h
COL 59NE North€ast 29 00100000000000010001h
COL 6INE Northéast 33 00100000010000010001h
COL 64NE Northeast 40 00110000000000010001h
COL 65NE Nogtheast 29 00100000000000010001h
COL 69NE Northeast 929 00100000000000010001h
COL 70NE Notutheast . 39 00110000000000010000h
COL 71INE Northeast 29 00100000000000010001h
COL 58 Peninsular L8 00010000000000011001h
COL 118 Peninsular L 00010101000000001001h
COL 16S Peninsular 57 01010000000000001101h
COL 178 Peninsular S 01010100010000101000h
COL 18S Peninsular 71 01110000000110011001h
COL 228 Peninsular 75 11010000100000001110h
COL 26S Peninsular 48 00110001000000011101h
COL 278 Peninsular 79 11110100001000011000h
COL 28S Perifisular 4 00000010100000010000h
COL 308 Peninsular 76 11010000110110111101h
COL 328 Peninsular 17 00010000110110111101h
COL 35S Peninsular 61 01010000001110111101h
COL 368 Peninstlar 62 01010000010110111001h
COL 378 Peninsular 12 00010000000110111001h
COL 38S Peninsular 73 10010000000110011001h
COL 39S Peninsular 5 00010000000000001001h
COL 408 Peninsular 13 00010000000110111101h
COL 418 Peninsular 74 11010000000000001001h
COL 428 Peninsular 5 00010000000000001001h
COL 43S Peninsular 00010000000000101001h
COL 458 Peninsular 11 00010000000000110101h
COL 478 Peninsular 66 01010100000110111001h
COL 48S Peninsular 9 00010000000000101001h
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Sample Population Haplotype Code Haplotype
COL 498 Peninsular 5 00010000000000001001h
COL 508 Peninsular 10 00010000000000110001h
COL 528 Peninsular 72 10010000000000110001h
COL 53S Peninsular 26 00010100100000110101h
COL 558 Peninsular 25 00010100000110111101h
COL 57S Peninsular 60 01010000000110111001h
COL 58S Peninsular 60 01010000000110111001h
COL 598 Peninsular 00000000000000101001h
COL 60S 01000000000110111101h
COL 61S 00000000100000101001h
COL 628 00010100000000101101h
COL 66S 01000100000110111101h
COL 67S 01000000100000101001h
COL 68S - 00000000000110111101h
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Seventeen SSCP haplotypes for 16S rRNA gene
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Sample Population Haplotype Code Haplotype
COL 1C Central 15 00100000010000000000000000000h
COL 3C Central 17 11000000000000000000000000000h
COL 4C Central 17 11000000000000000000000000000h
COL 5C Central 17 11000000000000000000000000000h
COL 6C Central 17 11000000000000000000000000000h
COL 7C Central 17 11000000000000000000000000000h
COL 8C Central 17 11000000000000000000000000000h
COL 9C Central 17 11000000000000000000000000000h
COL 10C Central 17 11000000000000000000000000000h
COL 11C Central i 11000000000000000000000000000h
COL 12C Central 15 00100000010000000000000000000h
COL 13C Central 15 00100000010000000000000000000h
COL 14C Central LY, 11000000000000000000000000000h
COL 15C Central 17 11000000000000000000000000000h
COL 16C @entral 17 11000000000000000000000000000h
COL 17C Central 17 11000000000000000000000000000h
COL 18C Central 17 11000000000000000000000000000h
COL 19C Central 17 11000000000000000000000000000h
COL 20C Central = 11000000000000000000000000000h
COL 2N North 14 00011000000000000000000000000h
COL 3N North 14 00011000000000000000000000000h
COL 5N North 11 00000100100000000000000000000h
COL 8N North 11 00000100100000000000000000000h
COL 9N North 13 00010010000000000000000000000h
COL 10N North o) 00010010000000000000000000000h
COL 11N North 13 00010010000000000000000000000h
COL 12N North 12 00001001000000000000000000000h
COL 14N North 12 00001001000000000000000000000h
COL 17N North 12 00001001000000000000000000000h
COL 32N North 16 10001000000000000000000000000h
COL INE Northeast 8 00000000000000110000000000000h
COL 2NE Northeast 9 00000000000011000000000000000h
COL 3NE Northeast 9 0000000000001 1000000000000000h
COL 9NE Northeast 9 00000000000011000000000000000h
COL 10NE Northeast 9 0000000000001 1000000000000000h
COL 13NE Northeast 7 00000000000000001100000000000h
COL 14NE Northeast 7 00000000000000001100000000000h
COL 17NE Northeast 3 00000000000000000000000110000h
COL 19NE Northeast 7 00000000000000001100000000000h
COL 20NE Northeast 8 00000000000000110000000000000h
COL 22NE Northeast 8 00000000000000110000000000000h
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Sample Population Haplotype Code Haplotype
COL 26NE Northeast 4 00000000000000000000011000000h
COL 3INE Northeast 8 00000000000000110000000000000h
COL 43NE Northeast 6 00000000000000000110000000000h
COL 44NE Northeast 6 00000000000000000110000000000h
COL 49NE Northeast 6 00000000000000000110000000000h
COL 5INE Northeast 7 00000000000000001100000000000h
COL 52NE Northeast 3 00000000000000000000000110000h
COL 56NE Northeast 5 00000000000000000001100000000h
COL 61NE Northeast 7 00000000000000001100000000000h
COL 64NE Northeast 4 00000000000000000000011000000h
COL 65NE Northeast 4 00000000000000000000011000000h
COL 69NE Northeast 7 00000000000000001100000000000h
COL 70NE Northeast 10 00000000001100000000000000000h
COL 7INE Northeast 9 00000000000011000000000000000h
COL 5S Peninsular 2 00000000000000000000000001100h
COL 118 Peninstulaz 2 00000000000000000000000001100h
COL 16S Peninsular 1 00000000000000000000000000011h
COL 17S Peninsular 1 0000000000000000000000000001 1h
COL 36S Peninsular 1 0000000000000000000000000001 1h
COL 37S Peninsular M 0000000000000000000000000001 1h
COL 38S Peninsular 1 00000000000000000000000000011h
COL 428 Peninsular P 00000000000000000000000001100h
COL 43S Peninsular 2 00000000000000000000000001100h
COL 458 Peninsular y - 00600000000000000000000001100h
COL 47S Peninsular =% 00000000000000000000000001100h
COL 48S Peninsular 2 006600000000000000000000001100h
COL 49S Peninsular 2 00000000000000000000000001100h
COL 508 Peninsular 2 00000000000000000000000001100h
COL 528 Peninsular 2 00000000000000000000000001100h
COL 53S Peninsular 2 00000000000000000000000001100h
COL 558 Peninsular 2 00000000000000000000000001100h
COL 56S Peninsular 2 00000000000000000000000001100h
COL 578 Peninsular 2 000000000600000000000000001100h
COL 58S Peninsular 2 00000000000000000000000001100h
COL 59S Peninsular 2 00000000000000000000000001100h
COL 60S Peninsular 2 00000000000000000000000001100h
COL 618 Peninsular 2 00000000000000000000000001100h
COL 62S Peninsular 2 00000000000000000000000001100h
COL 67S Peninsular 2 00000000000000000000000001100h
COL 21C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 22C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 23C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 24C Prachuap Khiri Khan 17 11000000000000000000000000000h
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Sample Population Haplotype Code Haplotype
COL 25C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 26C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 27C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 28C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 29C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 30C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 31C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 32C Prachuap Khiri Khan 17 11000000000000000000000000000h
COL 18S Chumphon 1 00000000000000000000000000011h
COL 20S Chumphon 1 0000000000000000000000000001 1h
COL 228 Chumphon 1 00000000000000000000000000011h
COL 26S Chumphon 1 0000000000000000000000000001 1h
COL 27S Chumphon 1 00000000000000000000000000011h
COL 28S Chumphen 1 0000000000000000000000000001 1h
COL 30S Chumphon 1 00000000000000000000000000011h
COL 328 Chumphon 1 0000000000000000000000000001 1h
COL 39S Chumphon 1 00000000000000000000000000011h
COL 40S Churaphon “ 0000000000000000000000000001 1h
COL 418 Chumphon 1 00000000000000000000000000011h
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Thirty-four SSCP haplotypes for COI gene

Sample Population Haplotype Haplotype
Code
COL 1C Central 20 000000000000000000011000000000000000000000000000000000000h
COL 4C Central 20 000000000000000000011000000000000000000000000000000000000h
COL 7C Central 4 000000000000000000000000000000000000000000000011000000000h
COL 9C Central 15 0000000000000000000000000 1 1000000000000000000000000000000h
COL 10C Central 3 000000000000000000000000000000000000000000001100000000000h
COL 11C Central . 000000000000000001100000000000000000000000000000000000000h
COL 13C Central 17 000000000000000000000001100000000000000000000000000000000h
COL 15C Central 9 000000000000000000000000000000000000010000000000000000010h
COL 17C Central 197 000000000000000000010000000100000000000000000000000000000h
COL 34C Central 18 000000000000000000000110000000000000000000000000000000000h
COL 2N North 26 000000000010000000000000000000000000000000000000000000000h
COL 3N North 243 000000000000001 100000000000000000000000000000000000000000h
COL 5N North 30 % & 000000010000000000000000000000001000000000000000000000000h
COL 8N North ik _ 0000000000 11000000000000000000000000000000000000000000000h
COL 9N North 2 £000000000000000001000000000000000000000000000000000000100h
COL 10N North 25l < 000000000001000000000000000000000100000000000000000000000h
COL 1IN North 54488 000000000011 110000000000000000000000000000000000000000000h
COL 14N North 2.8~ A 00000000001 1110000000000000000000000000000000000000000000h
COL 17N North 28 odo_qooooom 1110000000000000000000000000000000000000000000h
COL 32N North 3 T)Qoé000000000000000000000000000000000000000000001 10000000h
COL INE Northeast . = - 29 ~ 000000001.100000000000000000000000000000000000000000000000h
COL 9NE Northeast 31 000000110000000000000000000000000000000000000000000000000h
COL 10NE Northicast 31 0000001 10000000000000000000000000000000000000000000000000h
COL 17NE Northeast 31 000000110000000000000000000000000000000000000000000000000h
COL 19NE Northeast 2 000000000000000000000000000000000000000000000000001100000h
COL 26NE Northeast 1 000000000000000000000000000000000000000000000000000011000h
COL 3INE Northeast 11 000000000000000000000000000000000011000000000000000000000h
COL 44NE Northeast 31 000000110000000000000000000000000000000000000000000000000h
COL 5INE Northeast 31 00000040000000000000000000000000000000000000000000000000h
COL 61NE Northeast 31 0000001 10000000000000000600000000000000000000000000000000h
COL 5S Peninsular 8 000000000000000000000000000000000000001100000000000000000h
COL 118 Peninsular 12 000000000000000000000000000001100000000000000000000000000h
COL 17S Peninsular 32 000011000000000000000000000010000000000000000000000000000h
COL 38S Peninsular 32 000011000000000000000000000010000000000000000000000000000h
COL 42S Peninsular 33 001100000000000000000000000000000000000000000000000000000h
COL 43S Peninsular 33 001100000000000000000000000000000000000000000000000000000h
COL 45S Peninsular 14 000000000000000000000000000011000000000000000000000000000h
COL 47S Peninsular 23 000000000000000010000000000000000000000000010000000000000h
COL 48S Peninsular 10 0000000000000000000000000000000000001 10000000000000000000h
COL 498 Peninsular 10 000000000000000000000000000000000000110000000000000000000h

COL 508 Peninsular 10 000000000000000000000000000000000000110000000000000000000h
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Sample Population Haplotype Haplotype
Code
COL 528 Peninsular 14 000000000000000000000000000011000000000000000000000000000h
COL 53S Peninsular 14 0000000000000000000000000000 1 1000000000000000000000000000h
COL 558 Peninsular 33 001100000000000000000000000000000000000000000000000000000h
COL 56S Peninsular 10 0000000000000000000000000000000000001 10000000000000000000h
COL 57S Peninsular 10 0000000000000000000000000000000000001 10000000000000000000h
COL 58S Peninsular 10 000000000000000000000000000000000000110000000000000000000h
COL 59S Peninsular 12 000000000000000000000000000001100000000000000000000000000h
COL 60S Peninsular 1% 000000000000000000000000000001100000000000000000000000000h
COL 618 Peninsular 33 001100000000000000000000000000000000000000000000000000000h
COL 62S Peninsular 33 004100000000000000000000000000000000000000000000000000000h
COL 67S Peninsular 33 001100000000000000000000000000000000000000000000000000000h
COL21C Prachuap Khiri'Khan 15 0000000000000000000000000 1 1000000000000000000000000000000h
COL 22C Prachuap KhisrKhan 17 000000000000000000000001100000000000000000000000000000000h
COL 23C Prachuap KhirilKhan 17 4 000000000000000000000001100000000000000000000000000000000h
COL 24C Prachuap Khiri Khan ,16 . 000000000000000000000000100000000000000000000000000000001h
COL 26C Prachuap Khiri Khan 17 . 000000000000000000000001100000000000000000000000000000000h
COL 27C Prachuap Khiri Khan 17 7% _£000000000000000000000001100000000000000000000000000000000h
COL 29C Prachuap Khiri Khan ) 000000000000000000000001100000000000000000000000000000000h
COL 30C Prachuap Khiri Khan A7 1 000000000000000000000001100000000000000000000000000000000h
COL 31C Prachuap Khiri Khan 3. A2 000000000000000001100000000000000000000000000000000000000h
COL 32C Prachuap Khiri Khan 15 ~ 000000000000000000000000011000000000000000000000000000000h
COL 188 Chumphon ‘ 10 ~0000000000000000000000000000000000001 10000000000000000000h
COL 20S Chumphon 8 - 000006000000000000000000000000000000001 100000000000000000h
COL 228 Chumphon 6 000000000000000000000000000000000000000001100000000000000h
COL 26S Chhrﬁbhon 34 11ooooooooooook)oQbooooooooooooooooooo00000000000000000000h
COL 278 Chuﬁqphon 13 000000000000000060000000000010010000000000000000000000000h
COL 28S Chumphon 7 000000000000060000000000000000000000000011000000000000000h
COL 308 Chumphen 7 000000000000000000000000000000000000000011000000000000000h
COL 32S Chumphon 14 000000000000000000000000000011000000000000000000000000000h
COL 39S Chumphon 7 000000000000000000000000000000000000000011000000000000000h
COL 40S Chumphon 10 000000000000000000000000000000000000110000000000000000000h
COL 418 Chumphon 14 0000000000000000000000000000 11000000000000000000000000000h




Thirty-four SSCP haplotypes for cytb gene
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Sample Population Haplotype Haplotype
Code
COL IC Central 2 00000000000000000000000000000010000100h
COL 3C Central 13 00000000000010000000000000000010000000h
COL 5C Central 13 00000000000010000000000000000010000000h
COL 6C Central 13 00000000000010000000000000000010000000h
COL 8C Central 13 00000000000010000000000000000010000000h
COL 9C Central 13 00000000000010000000000000000010000000h
COL 10C Central 13 00000000000010000000000000000010000000h
COL 12C Central 13 00000000000010000000000000000010000000h
COL 13C Central 13 00000000000010000000000000000010000000h
COL 14C Central 13 00000000000010000000000000000010000000h
COL 16C Ceantral 2 00000000000000000000000000000010000100h
COL 17C Central 13 00000000000010000000000000000010000000h
COL 18C Central 24 00000000000000000000000000000010000100h
COL 20C Central L 00000000000000000000000000000010000100h
COL 34C Central 313 01000010000000000000000000000000000000h
COL 2N North 234 00000100000000001000000000000000000000h
COL 3N North 23 ©00000100000000001000000000000000000000h
COL 7N North 11 00000000000000000000100000000000100000h
COL 8N North Ll 100000000000000000000100000000000100000h
COL 9N North 25 V .00010000000000000000000000000000100000h
COL 11N North 303 s ~01000001000000000000000000000000000000h
COL 12N North 1 0000000000000000000000000000000000001 1h
COL 14N North 1 00000000006000000000000000000000000011h
COL 17N North 33 10000000100000000000000000000000000000h
COL 32N North 29 00100010000000000000000000000000000000h
COL INE Northeast 21 00000000100000000000001000000000000000h
COL 2NE Northeast 17 00060000000010000100000000000000000000h
COL 3NE Northeast 17 00000000000010000100000000000000000000h
COL 9NE Northeast 17 000000000000100001:00000000000000000000h
COL 1ONE Northeast 17 00000000000010000100000000000000000000h
COL 13NE Northeast 7 00000000000000000000000100000001000000h
COL 1I5NE Northeast 7 00000000000000000000000100000001000000h
COL 17NE Northeast 17 00000000000010000100000000000000000000h
COL I9NE Northeast 17 00000000000010000100000000000000000000h
COL 20NE Northeast 27 00010000000000100000000000000000000000h
COL 22NE Northeast 27 00010000000000100000000000000000000000h
COL 26NE Northeast 34 10000100000000000000000000000000000000h
COL 31INE Northeast 27 00010000000000100000000000000000000000h
COL 44NE Northeast 7 00000000000000000000000100000001000000h
COL 49NE Northeast 7 00000000000000000000000100000001000000h
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Sample Population Haplotype Haplotype
Code
COL 5INE Northeast 7 00000000000000000000000100000001000000h
COL 52NE Northeast 8 00000000000000000000001000000010000000h
COL 56NE Northeast 19 00000000010000000000000000000000000000h
COL 61NE Northeast 17 00000000000010000100000000000000000000h
COL 64NE Northeast 28 00010000000001000000000000000000000000h
COL 65NE Northeast 28 00010000000001000000000000000000000000h
COL 69NE Northeast 8 00000000000000000000001000000010000000h
COL 70NE Northeast 20 00000000010100000000000000000000000000h
COL 7INE Northeast 8 00000000000000000000001000000010000000h
COL 5S Peninsular 4 00000000000000000000000010000000010000h
COL 11S Peninsular ) 00000000000000000000000010000010000000h
COL 16S Peninsular 3 00000000000000000000000001000000001000h
COL 17S Peninsular ] 00000000000000000000000001000000001000h
COL 36S Peninsular 6 00000000000000000000000010000100000000h
COL 37S Peninsular 3 00000000000000000000000001000000001000h
COL 38S Peninsulaz 3 00000000000000000000000001000000001000h
COL 428 Peninsular 6\ 00000000000000000000000010000100000000h
COL 43S Peninsulan 6 00000000000000000000000010000100000000h
COL 47S Peninsular S < 00000000000000000000000010000010000000h
COL 48S Peninsular 5 /.. 00000000000000000000000010000010000000h
COL 498 Peninsular 5 +00000000000000000000000010000010000000h
COL 50S Peninsular 5 -000000000000000000000000100000 10000000h
COL 528 Peninsular 5 -00000000000000000000000010000010000000h
COL 53S Peninsular 3 00000000000000000000000010000010000000h
COL 558 Penunsular 5 00000000000000000000000010000010000000h
COL 56S Penifisular 5 00000000000000000000000010000010000000h
COL 57S Peninsular 5 00000000600000000000000010000010000000h
COL 598 Peninsular, 6 00000000000000000000000010000100000000h
COL 60S Peninsular 6 00000000000000000000000010000100000000h
COL 618 Peninsular 15 00000000000010000000000000001000000000h
COL 628 Peninsular 6 00000000000000000000000010000100000000h
COL 678 Peninisular 6 00000000000000006000000010000100000000h
COL 21C Prachuap Khiri'Khan 32 01601000060000000000660000000000000000h
COL 24C Prachuap Khiri Khan 32 01001000000000000000000000000000000000h
COL 25C Prachuap Khiri Khan 32 01001000000000000000000000000000000000h
COL 27C Prachuap Khiri Khan 32 01001000000000000000000000000000000000h
COL 28C Prachuap Khiri Khan 32 01001000000000000000000000000000000000h
COL 29C Prachuap Khiri Khan 32 01001000000000000000000000000000000000h
COL 31C Prachuap Khiri Khan 26 00010000000000010000000000000000000000h
COL 32C Prachuap Khiri Khan 26 00010000000000010000000000000000000000h
COL 18S Chumphon 14 00000000000010000000000000000100000000h
COL 20S Chumphon 14 00000000000010000000000000000100000000h
COL 228 Chumphon 22 00000001000000000000000000000000010000h




132

Sample Population Haplotype Haplotype
Code
COL 26S Chumphon 22 00000001000000000000000000000000010000h
COL 278 Chumphon 9 00000000000000000000010000000001000000h
COL 28S Chumphon 10 00000000000000000000010000010000000000h
COL 308 Chumphon 16 00000000000010000000000000100000000000h
COL 328 Chumphon 12 00000000000000000001000000100000000000h
COL 39S Chumphon 18 00000000001000000010000000000000000000h
COL 408 Chumphon 00001000010000000000000000000000000000h
COL 418 Chumphon 0000000000000000000000010000100000000h
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