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5.2 ANINNAINUANENNNUINITHUALANNANTUSTRTmWIN19asiulsslulszmalng

N19R99RAALANNUANIAIEN NN LENIINTasTulsslulszmalnaTned  PCR -
RFLP (Polymerase Chain Reaction - Restriction Fragment Length polymorphism) el
131904 16S rRNA 2194 mitochondrial DNA  WARADIRTaNT 1dTiasnmtlszanns 550 bp finns
utlsulugiugdan 168 rRNA vastulse Inasnaaeiawlasd Dra |, Hpy188 1II, Ssp I, uae Pac |

LR lAaN NN ARARATTATaNSEe 1ulns] Dra |, Hpy188 11l Ssp |, uaz Pac |
waRd LU 25 haplotypes, 9 haplotypes, 15 haplotypes, and 5 haplotypes AINANAL N9
sanfuresgluuuildannnsiadaiewlastingnil avnsnainely 47 composite
haplotypes ~ AINAYBENNANUIN 482 Fa@eIN NANITIAENLANNNAINUANLGIIUNGH
fagineaasdulselutssnalng 9ANLANAINIEUTTALAZ AN UANAN N7 AL
Vuﬁﬂﬁmm%\wzﬁu intraspecific WAY interspecific @2 Phylogenetic trees ﬁiﬁ@ﬁﬂm?
Funseil a¥eaulaeds neighbor-joining  (NJ) wazlnalileunsy WINCLADA @nunsouen
dulsalaiilu 7 uay 9 nguaNAaNAL
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6. ANENILATIZUMNRIALISENBLURIRS propolis WaE sticky band A4 A. florea, A.
andreniformis Wag Trigona spp.

6.1 addilsznauniIuANLAzgNEN1IELNUTas Ascospheara apis TBINIENAAA AIN5Y

414199 (Chemical compositions and anti-fungus Ascospheara apis of propolis from the

nest of stingless bee)

AMNNNTANEIALIZNaLIRINTaNEARANNTITUlsa Trigona laeviceps TALANN

1% o Y <3

AANINTAL LR A ﬂﬁ‘ZLV]ﬂVL‘V]EI ﬁﬂmmﬁmﬁqaimmmiiﬁmu LL@ZVI@ZQ@UE]VI%T]’]?{TUEI/\?HW?

a

\styLALATeNma Ascophaera apis Ninalsatadnugn wuan NAddudu 190 ppm 199

7

v ¥ 1
anranpgunsndudaniaasyiulneeadeslé 50 wWefidusd uazimaududi 250 ppm
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WIANDAANIIATIEWUNBIALTENALAYY gas chromatography-mass spectrometer W90
ma‘ﬁm@uﬂumﬁﬂim@uﬁ@ 2-methylpropy! ester, camphor, 2, 4 — bis (dimethylbenzyl) -
6 - t- butylphenol, 1H- cycloprop[elazulen-7-ol, 6-oxohuperzine A Waz 2,6-diphenyl-1,7-
dihydrodipyrrolo[2,3-b:3',2'-E]pyridine A3heanuAA Rt 13.02 W17 iaadsznaumanly

a M oy o 1% . =< v P ' o
WIRNBAA LLW1MM%@H@E°’IN UFULRNAURN Wiley D9LLHIT camphor gaiiuanutsenavuuan

49 a
- v

29949U7 3 N1InAaeLnNafuInIsALTnreRTes uaneliifiugn camphor 1
anunsngeganisasyRuinaea@as Ascosphaera apis

6.2 Effects of bioactive of Thai propolis against the pathogenic bacteria

o &

a | Py R 4 , , 3 A aa
NTANRAA Lﬂu@’]?VILLﬂ@WﬂEIW\‘IIN‘V]NQWMﬁ Apis  mellifera WMNUALRANNIINNNT VA

1 o i’/ a A XK a % 3 g 1 o a A 1 a o o
mem\mumum@qumLm@\mmmm@meu@qﬂmummwmLﬁmmmnu@mmum‘lumi
@ oo o X A a ) £ ) ) =
Huen 91139aluafefl iNevnn1ananNaa29419 flavonoids 9Ll bioactive compound %

v ¥

dudugalsnainuuaiFangnuanuiainlsatanisresunanazgiaannisananuiadeg

o

1
=

RIUIALTENTIE F9eRD swabbing technique IasinwsanadangnuaLazazailu ethanol

b

ANNNTNTU 5%, 20% waz 30% lUnageunissusadia Staphylococcus  gallinarum, S.
auricularis, S. felis, S. schleiferi, S. intermedius, S. aureus Was P. diminuta WLINAIN
v o 2 . .Y , v A Cnes A
Windiuia 3 szAuuansNaiuiwma S. gallinarum tHuInige uasudsa S. felis lavatiga
UANAINUNTLAUANNIT NI UUDI81T 20% WAL 30%  WAAGHANITEUSNTawUAN e LA
UINNINANN NI UUDIET 5% F9111 WIanaadad maldnstusdanL AR 3ava 7 afinil
fefluanvnaaslsaioniialudndianls (Thapa, 2009)

6.3 Reinforcing a barrier-a specific social defense of the dwarf honeybee (Apis florea)

released by the weaver ant (Oecophylla smaragdina)

In the arboreal habitat of Apis florea one of the dominant insectivorous
predators is the weaver ant, Oecophylla smaragdina. The main mechanism of A. florea
to protect its nest against ants and other crawling arthropods are “barriers” of sticky
material (sticky bands) which the bees build around the branches and all structures
which connect the comb to the outside. We studied whether the presentation of an O.

Smaragdina ant on the comb releases a specific behavioral response of the bees. After



2

the exposure of a living O. smaragdina worker, held by forceps on the top of the A.
florea comb, the number of bees at the sticky band zone increased and remained on
higher level for 2 hours compared to control experiments (presentation of an empty
forceps, Tenebrio molitor larva or another arboreal ant species, Crematogaster
rogenhoferi). Further, more sticky material was deposited by the bees after exposure of a
weaver ant. This behavior seems to be a specific reaction of A. florea to it most important

predator O. smaragdina. (Duangphakdee et al., 2005)

7. Bumble bees (Hymenoptera, apidae, bombinae) of the upperNorthern parts of

Thailand

Bumblebees are social insects that are characterized by black and yellow body
hairs, often in bands found in the mountainous areas. We have investigated that the
numberof species of bumblebees in the northern parts of Thailand particularly from
Chiang Mai (Doi Inthanon, Doi Suthep, Doi Pui, Chiang Doi, Doi Inching), Chiang Rai (Doi
Mae Salon, Doi Tong, Doi Nygem) and Nan. The specimens were caught and chilled in
an ice-cooler box. After 20 minutes of chilling, the specimens were examined. The results
show that three species of bumblebees; B. haemorrhoidalis, B. trifasciatus, and B.

breviceps were found in the mountainous of the upper northern parts of Thailand.
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Purification of AG on CM - cellulose. Equilibrium, 100 mM sodium acetate

buffer (pH 4.7); elution, 1 M NaCl; flow rate 30 ml/ h; fraction size 5 ml/
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Pooled bound fractions containing AG activity were applied to gel filtration

Sephadex 200 column. Equilibration and elution, 30 mM sodium phosphate
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1.2.2 The reproductive dilemmas of queenless red dwarf honeybee (Apis florea)

workers

Honeybee (Apis) workers cannot mate, but retain functional ovaries. When
colonies have lost their queen, many young workers begin to activate their ovaries and
lay eggs. Some of these eggs are reared, but most are not and are presumably eaten by
other workers (worker policing). Here we explore some of the factors affecting the
reproductive success of queenless workers of the red dwarf honeybee Apis florea. Over
a 2 — year period we collected 40 wild colonies and removed their queens. Only two
colonies remained at their translocated site long enough to rear males to pupation while
all the others absconded. Absconding usually occurred after worker policing had
ceased, as evidenced by the appearance of larvae. Dissections of workers from eight
colonies showed that in A. florea, 6% of workers have activated ovaries after 4 days of
queenlessness, and that 33% of workers have activated ovaries after 3 weeks. Worker-
laid eggs may appear in nests within 4 days and larvae soon after, but this is highly
variable. As with Apis mellifera, we found evidence of unequal reproductive success
among queenless workers of A. florea. In the two colonies that reared males to pupation
and which we studied with microsatellites, some subfamilies had much higher
proportions of workers with activated ovaries than others. The significance of absconding
and internest reproductive parasitism to the alternative reproductive strategies of

queenless A. florea workers is discussed. (NMAKNUWIN 2)

1.2.3  Ecological Behavior of Dwarf honeybees: Apis florea and Apis andreniformis

Abstract
Apis florea and Apis andreniformis construct a single comb on a twig exposed to
sun in the summer and rain in the rainy season. In this study, temperature control and
rain proof behaviors of A. florea and A. andreniformis were observed in the northern part
of Thailand. When the nest was directly exposed to the sun light, curtain-forming bees of
A. florea fanned, deformed the curtain and took a short flight to reduce brood

temperature. A. andreniformis, fanned but did not deform the curtain and formed a tail-



14

like structure from the bottom of the nest. During rainy periods, all the curtain-forming
bees of A. florea came up on the dancing floor and formed an umbrella shape by
spreading wings upon wings and formed a roof-like structure of waterproof jacket to
protect the nest from rain. In case of A. andreniformis, curtain-forming bees oriented their
heads upwards and rested compactly against the brood cells and spread the wing in a
/\—Shape, so that one wing overlaid up on the wing of another curtain-forming bee. In
both species, the honey cells are double in size than the brood cells, serve as the roof of

the nest.

Introduction

The little honeybee; Apis florea (Fab.), and the dwarf honeybee; Apis
andreniformis (Smith) construct a single comb of 38cmX50cm on a flexible twig about
0.8cm diameter (Akratanakul, 1977; Rinderer, et al., 1996, Wongsiri, et al., 1996), a water
pipe or the wall of a house. However, A. florae use a widely variety of nesting substrate.
A. florea has a particular adaptational feature for surviving in tropical rainy weather
(Akratanakul, 1977, Wongsiri, et al., 1996). A. florea and A. andreniformis nests have 20-
30cm deep honey-storage cells (Akratanakul, 1977), but the honey-storage cells above
the twig are gradually reduced (16mm) in depth in order to form a take off and landing
and dancing platform (Lindauer, 1957; Akratanakul, 1977) which also serve as a roof to

protect rain seep into the comb in rainy season.

Tirgari (1971) observed the biology and behavioral characters of the Iranian
dwarf honeybee; A. florea. Akratanakul (1977) studied the natural history of A. florea in
Thailand. Wongsiri, et al., (1996) studied the comparative biology of A. florea and A.
andreniformis. Rinderer, et al., (1996) studies the comparative morphology of A. florea
and A. andreniformis. Previous studied did not mention the rain-proof behavior of A.
florea and A. andreniformis against rain. We hypothesized that A. florea and A.
andreniformis have a particular rain-proof adaptational feature to cope with monsoons in

tropical deciduous forest Thailand.
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Objective
The purpose of this research was to:-
- understand how the open-nest species, A. florea and A.

andreniformis, protect their nest against the rain.

Materials and methods

1. Materials
® Thermometer
® Stop watch
® Sony digital camera
2. Methods
In this study, three colonies of Apis florea; two nests at Mae Fah Luang University
(MFLU), Chiang Rai and one colony was on a mango tree (Mangifera indica L.) in
Government Residential area, 700" National Stadium in Chiang Mai the northern part of
Thailand, were observed. A swarm of A. florea around 150 meters on 4" floor of E-1
building of MFLU on 16" of March 2004, whereas one colony nested on the window top
of The President building. There was a heavily rain with thunderstorm on 16 July at 16:45
hrs. In this study, all A. florea nests were observed in natural habitats. Subsequently,

rain-protecting behavior of A. andreniformis was observed in Chantaburi.

Results
1. Nest temperature control
In summer (March-May), when ambient temperature reached above 40°C, the
curtain formation bees of A. florea first fanned and as the ambient nest temperature lies
above 40°C, then curtain deformed, whereas in A. andreniformis curtain formation bees

formed a double layers curtain by forming tail-like structure (Figure 6).
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(a) (b)

Figure 6 Combs cover during rain (a) Apis florea without tail (b) Apis andreniformis with

a tail.

2. Comb protection in raining times
During the raining time, the curtain formation bees moved up to the dancing floor
and formed an umbrella shaped by spreading wings up on wings (waterproof jacket)

(Figure 7).

(a) (b)

Figure 7 Rain proof curtain formation of A. florea (a). Abandon

comb after heavy rain (b). Position of curtain formation bees
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3. Position of curtain formation bees during rain

During the raining, curtain formation bees of A. florea and A. andreniformis
oriented their heads upwards and spread their wings in inverted V-shaped over the
dorsum at 45° angle (Figure 8a). The curtain formation bees kept their head under the
body of upper bees and raise their abdomen at about 15°C against the comb surfaces,
so that the bottom bees can hid their head from physical impact of rain drops, thus

forming tile-like structure of roof (Figure 8b).

ik

HaShahh

7~
7

(@) (b)

Figure 8 Top view during raindrops on the colony (a) dancing floor

damaged by raindrops (b) curtain formation bees’ position during rain
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Discussion

In summer, nests are directly exposed to the sun because, the tropical
deciduous forest drop their leaves in dry season. So, the nest temperature gradually
increases as the ambient temperature rises. First the curtain formation bees deployed
physical process like fanning and watering to control the brood nest temperature, as the
ambient temperature gradually increase along with the ambient temperature, the curtain
is deformed, and if the brood nest temperature is not decreased, the curtain formation

bees take a short flight to drop brood temperature.

The curtain formation bees have (temporal) waterproof hair cover and waxed
body surface which help to dried the rain. However, if the rain is continues for several
days the curtains are broken, as a consequence, bee could not survive and starts
absconding. The heavy rain can destroy the dancing floor and found many bees were
dead. Lindauer (1957) was also made similar observation. However, A. florea and A.
andreniformis construct their nests on small flexible and partially concealed twigs
(Ruttner, 1986; Akartanakul, 1977; Wongsiri et al., 1996), the nest swing with air and rain

in order to minimize the rain fall impact on the nest.

Conclusion
A. florea and A. andreniformis have several climatic adaptations fanning for
reducing brood nest temperate and form rain proof jacket to cop against environmental

stresses such as heavy rain fall, and drought.
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1.3 AnsdadFauiiausenineialy species fine o luszauuanminuasiaulas
RNA ag DNA

1.3.1 Purification of alpha-glucosidase (AG) in Apis florea

1. An expression level of alpha glucosidase (AG) in Apis florea
Honeybees from 3 different stages (egg, nurse bee, and forager bee) were
sampled. Total RNA was isolated. The quality of total RNA was determined by (1) native
agarose gel and (2) formaldehyde gel. The 18S and 28S rRNA bands were detected on
1.2% agarose gel (Fig.9A) while the 28S RNA band was visible on formaldehyde gel
(Fig.9B).
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Y = 28S

4= 233
4 133

(A) (B)

Figure 9. Total RNA extracted from different stages heads of A. florea on native agarose

gel (A) and formaldehyde gel (B).

Lane 1 (A): total RNA of egg

Lane 2 (A): total RNA of nurse bee
Lane 3 (A): total RNA of forager bee
Lanes 1 -2 (B): total RNA of forager bee

In order to determine the expression level of AG by RT — PCR, 200 ng of
RNA sample (egg, nurse bee, and forager bee) were used for 1 reaction. Primers were
designed from the AG cDNA sequence of A. mellifera as described in Materials and
Methods. The primers for determination of expression are FW1/ R1 primers. Under the
optimum condition of RT — PCR, the expression profile of AG was obtained (Fig. 10). The
quantity of products was assayed due to intensity of the bands by Quanlity one software
(Table 4). The result presented that the expression level of AG in three stages (egg,
nurse bee, forager bee) was different. There was no amplified product from egg RNA
(Fig. 10, lanes 1 - 2) and small amounts of amplified product from nurse bee RNA (Fig.
10, lanes 3 — 4). The highest amount of amplified products was obtained from forager

bees (Fig. 10, lanes 5 — 6).
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300
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Figure 10. Expression profile of AG.

Lane M: 100 bp ladder marker

Lanes 1-2: amplified products from egg RNA

Lanes 3-4: amplified products from nurse bee RNA
Lanes 5-6: amplified products from forager bee RNA

Lane 7: negative control

Table 4. Intensity of amplified product bands from Fig. 10.

.Stage Average volume intensity*mm’
Eggs 16.082
Nurse bees 386.633
Forager bees 760.589
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As control experiments, primers specific to elongation factor gene (EF) in A. cerana and
28S RNA in A. mellifera were designed. Under the optimum condition, the products of

200 bp (EF) and 350 bp (28S RNA) were obtained from all samples, respectively (Fig. 11).

bp

400
300

200
100

Figure 11. Control experiment by using primers from EF and 28S RNA genes. Total
RNA for all reactions were from forager bee.

Lane 1: Negative control

Lanes 2-3: RT — PCR product by using EF primers

Lanes 4-5: RT — PCR product by using 28S RNA primers

Lane M: 100 bp ladder marker

2. The cDNA sequence
Total RNA of forager bee was amplified by 3 pairs of primers for RT - PCR.
The sizes of RT - PCR product were 350 bp from FW1/ R1 primers (Fig. 12A), 1,000 bp
from FW1/ R2 primers (Fig. 12B), and 850 bp from FW2/ R3 primers (Fig. 12C). Three
bands (200, 300, and about 380 bp; Fig. 12D) were obtained from FW3/ R3 primers but
only the 200 bp product was excised from the agarose gel, purified, and sequenced

(Fig. 12E).
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Figure 12. RT - PCR product amplified by 3 different pairs of primers.

Lane M (all Figs.):
Lanes 1 -2 (A):
Lanes 1 -2 (B):
Lane 1 (C):
Lanes 1 -2 (D):
Lanes 1 -2 (E):

100 bp ladder marker

the 350 bp product by FW1/ R1 primers

the 1,000 bp product by FW1/ R2 primers

the 850 bp product by FW2/ R3 primers

the 200, 300, and about 380 bp products by FW3/ R3 primers

the excised and purified target band (200 bp)

23
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The cDNA sequences were blasted and aligned with AG in A. mellifera. The
result of blast showed 95% identity. Furthermore, the cDNA sequence was multiple
aligned with sequences of AG sequence in A. mellifera (D79208), maltose 1 in A.
mellifera (XM 393379), AG, Ol - amylase, and transporter activity in Drosophila
melanogaster CG14934 - PA (NM 135678), sucrose - specific enzyme |l of the PTS
(ScrA) and dextran glucosidase (dexB) genes in Lactobacillus sakei (AF401046), and
Culicoides sonorensis clone CsMAL1 maltase (AY603565). The similarity between

seqguences was presented in table 5.

Table 5. Similarity of the AG sequence in A. florea (1,773 bp) and that in other

organisms.
Organisms Length (bp) Score
AG sequence in A. mellifera 1,760 95
maltose 1in A. mellifera 1,764 38
Drosophila melanogaster 1,751 46
dexB in Lactobacillus sakei 1,946 19
Maltase in Culicoides sonorensis 1,831 41
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The nucleotide sequences and deduced amino acid sequences of AG were aligned (Figs. 13 and 14)

by using Clustal X.

Af_AG.nuc
Am.AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am.maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am.maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am.maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am_maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am.maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am_maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am_maltase.nuc
Ls.ScrA.nuc

Af_AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am_maltase.nuc
Ls.ScrA.nuc

Af_.AG.nuc
Am_AG.nuc
Dm.CG.nuc
Cs.maltase.nuc
Am_maltase.nuc

TTCGACTTCTAGTTGGTAGCATGAAGGCGGTAATCGTGTTTTGCCTT-ATGGCATTGTCC
TTCGACTTCTAGTTGGTAGCATGAAGGCAGTAATCGTATTTTGCCTT-ATGGCATTGTCC
TTGTAGTGAAAATAGCTTTCATTTTGAGTGTGGGCCTAGTAGGCAT--ATTG----GCCC
TATAAAAGAAAAATGATTCCATTTAAAAAATTAACAATTTTACTATCAATTGCAT-GTTC

GTTTAGTTTGGGCTTATCAAACGTTAGGTGCAGTCGGTATGGGGATTTTTGGCCTGGGTT
* * * * *

ATT-GTGGACGCAGCATGGAAGCCACTCCCTGAAA--ACTTGAAGGAGGACTTGATCTTG
ATT-GTGGACGCAGCATGGAAGCCGCTCCCTGAAA--ACTTGAAGGAGGACTTGATCGTG
ATA-AGCACCAGTCAAAGGAGCTGGATGCGAAATATAATTGGTGGCAGCACGAGGTCTTC
TGT-ATTGGCAGCACCTGAAGGTGCACGTGAAAAA-GATTGGTGGGAAATTGGAAACTTT
GCG-GTCGGCCTTG-GCGCCGGCCAAAACAACAAG-GGTTGGTGGAAGAACGCGATCTTC
ATTCAGCAATTGTCTTAACTGGCTTACATCAAAGCTTCCCGGCAATTGAAACGACACTTT

* * * *

TATCAGGTTTACCCGA----GGAGCTTCAAGGATAGCAATGGAGATGGTATTGGTGATAT

TATCAGGTCTACCCGA----GAAGCTTCAAGGATAGCAATGGAGATGGTATTGGTGATAT

TATCAGATCTATCCGA----GATCCTTTCAGGACAGCAATGGTGATGGTATTGGTGATCT

TATCAAGTCTATCCAC----GAAGTTTCATGGATTCTGATGGCGATGGTGTTGGCGATTT

TATCAGGTATATCCCC----GCAGTTTCATGGATTCCAATAGTGATGGCATCGGGGATTT

TGGCAGATATTGCCAAAACTGGTGGATCGTTTATTTTTCCCGTTGCAGCGATGGCAAATA
* * * *

* *x * *x *k * *k *

CATAGGTATTAAAGAAAAATTGGATCAT-TTTCTCGAAATGGGCGTCGACATGTTTTGGT
CGAAGGTATTAAAGAAAAATTGGATCAT-TTTCTCGAAATGGGGGTCGACATGTTTTGGT
TCAAGGTATTACTTCTAGGCTACAGTAC-TTCAAGGATACGGGCATCACGTCCGTATGGT
GAAAGGAATTTCAGAAAAAGTCGGTTAT-TTAAAGGAAATCGGCATGGATGGTGTTTGGC
AAAAGGTATTAAGGATAAGCTTTCACAC-TTCATCGAATCTGGAATAACAGCGATATGGT
TTGCTCAAGGGGCTGCAACTTTCGCTGTATTCTTCGTTACTAAGAATAAACAACAAAAGT

TATCCCCTATTTATCCAAGCCCTATGGTCGATTTTGGTTACGACATTTCCAATTACACCG

TATCCCCTATTTATCCAAGCCCTATGGTCGATTTTGGTTACGACATTTCGAATTACACCG

TGAGTCCCATTTATGAGTCACCAATGGTAGACTTTGGATACGATATATCTAACTATACAA

TTTCACCGATTTTTGATTCACCTATGGCAGATTTTGGTTATGACATTTCAAATTTCACCA

TATCACCAATTAATCGAAGTCCTATGGTAGATTTTGGATACGATATATCTGACTTTAAAG

CATTAACGACTTCTGCTGGGATTTCTGC-GATGTTGGGAATTACTGAACCAGCATTATTT
* *

* K x * * B Ex * *

ACGTTCATCCCATATTTGGCACCATATCAGATTTAGATGACCTAGTCAGTGCTGCACATG
ACGTTCATCCCATATTTGGCACCATATCAGACTTAGATAATCTAGTCAGTGCTGCACATG
ATATACAGCCGGAATATGGCACCCTTGAGGACTTTGACGCCTTGATAGCCAAGGCCAATG
AAGTCTTCCCTCAATTCGGAGACTTGTCTTCAATTGATGAACTTGTAGCGGAATTCAATA
ATGTAGATCCAATATTTGGTACTATAAAAGATCTTGAAGATCTCACTGCAGAAGCGAAGA
GGGGTTAATTTAAAATTGAAGTTTC--CATTCTTTATTGGTTTAATTGCATCAGGAATCT

* * * *

AGAAAGGACTGA--AGATAATCTTGGATTTCGTTCCGAATCATACATCTGATCAACACAA

AGAAAGGATTGA--AGATAATCTTGGATTTCGTCCCGAATCATACATCTGATCAACACGA

AACTGGGCGTGA--AAGTTATTTTGGACTTTGTTCCCAATCACAGCTCAAATAAGCATCC

AAAAAGATATGA--AACTCATTCTGGACTTTGTTCCAAATCATACAAGTGACCAATGTGA

AACAGAATTTAA--AGGTTATTCTAGATCTTGTCCCTAATCATACTTCTGATCAACATAA

CATCGTTTATTATTGGTTTATTACATGTTTTATCAGTATCAATGGGACCTGCAGGAATTA
* * * *

* KKk * *

ATGG-TTCCAGTTGAGTTTGAAAAACGTTGAACCT ————=———————————- TATAACAA
ATGG-TTCCAGTTGAGTTTGAAAAACATTGAACCT - ———————————————— TATAACAA
CTGG-TTC--ATAAAGTCAGTAGCCCGA-GAGCCAGG-————=====———= GTACGAGGA
GTGG-TTC--AAAAAATCAATTCAGCGT-GATCCTGA-————————————— GTACAATGA

ATGG-TTCCAAATGAGTATAAATAATACTAATAATAATAATAC--TAATAAATATAAAGA
TTGGGTTTATTGCGATTGCACCTAAGAGCATCCCTAGTTTTATGATGGGAGCTATTATTA
*

Fhkk Kk * *x * *

CTATTATATTTGGC---ATCCAGGAAAAAT —————- TGTAAAT---GGTAAACGTGTTCC
CTATTACATTTGGC---ATCCAGGAAAAAT - ————- TGTAAAT---GGCAAACGTGTTCC
TTTCTATGTGTGGG---AGGATGGTATTCT---CCTGGAGAAC---GGAACTCGTGTGCC
TTACTATATTTGGC---ATCCGGGTAAGCCAAATCCTGATGGT---GGTCGAAATTTACC
TTATTACATATGGGTTGATCCTGTCAAAGACGATAAAGGAAATCCAATTAAAGACAAATA
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Figure 13. (continued)
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GTTTCGTAATTGCCTTTGTGGGGACATACTTATACGGTAAAAAGGCAATGAAGACAACTG
* ** * *

ACCAAATAATTGGGTAGGCGTATTTGGTGGATCAGCTTGGTCATGGCGGGAAGAACGACA
ACCAACTAATTGGGTAGGCGTGTTTGGTGGATCAGCTTGGTCGTGGCGGGAAGAACGACA
GCCCAACAATTGGCTGTCGGTGTTCTCCGGATCCGCTTGGATGTGGAACGATGAGAGGCA
CCCAACTAATTGGGTAAGTGCCTTCAGAAGTAGTGCCTGGGAATGGAACGAAGAACGTGG
TCCTAATAATTGGCTTAGTGTATTCAATGGTACAGGATGGACTTTCCACGAGGGTAGGAA

AAGAAGAAATAATCAATGAAGCACCAGCTACCCCAGA-AG

* Fokk

*

TAGTGGAGAGATTACAAGAT
* *x

GGCATATTATCTGCACCAATTTGCACCAGAACAACCAGATTTAAATTACTA--TAATCCA
GGCATATTATCTGCATCAATTTGCACCAGAACAACCAGATCTAAATTACTA--TAATCCA
GCAGTACTATCTCAGGCAGTTCACTTATGGACAACCCGATTTGAACTACCG--AAATCCC
CGAATATTATTTACATCAATTTTTGGCACAACAACCCGATTTGAATTACCG--CAATCCA
ACAATTTTATTTCCATCAATTTTATAAGCAACAACCAGACTTGAACTACAG--AAACTCG
TTGTTGACTTAGCATCAGTACCTGATCCA

* * * *

GAAAAGATTAGTGCAC
* *

CAGTTACCGGACGAA

*hk Kk *

GCT---GTACTGGATGAAATGC-AAAACGTTCTTAGATTCTGGTTGAA-GAGAGGACTTG
GTT---GTACTGGATGATATGC-AAAATGTTCTCAGATTCTGGCTGAG-AAGGGGATTTG
GCC---GTGATTAAGGCCATGG-ATGATGTGATGCTCTTCTGGCTAAA-CAAGGGTATTG
AAA---GTGGTTGAAACAATGA-AAAACGTTTTAAGATTCTGGCTTAG-CAAAGGTATCA
GAT---GTGAGAGAAGAGATGA-AGAATATAATGAAATTTTGGTTGGA-TAAAGGAATCG

GTTTTTGCAAGTGAAG
* *

CAATGGGAAAAGGCA

EX * *

TTGCG
*

*hk Kk

ATTATGCCAACTTCTCAGGATGTA
*

*

ATGGTTTCAGA-GTAGATGCTCTGCCTTAC--ATTTGCGAAGATATGCGAT-TCTTAGAC
ATGGTTTCAGA-GTAGATGCTCTGCCTTAC--ATTTGCGAAGACATGCGAT-TCTTAGAC
CCGGCTTCCGC-ATCGATGC--CATTATATATATTTACGAGGATGCTCAAC-TGAGGGAT
ATGGATTCAGA-ATTGATGCGGTACCATATTTGTTTGAAGTGGGACCAGATGCGAATGGA

ATGGATTCCGC-ATAGATGCTGTACCACATTTATTCGAAAGCGCTAACATATCGTTAGAT
CTTGCACCAGTTACCGGTGTGATAACAATTGCGGCTAATACTGGTCACGCA-TACGGGAT
GAACCCCTATCAGG---TGAAACAAATG---ATCCC-AACAA---AACTGAG---TACAC
GAACCTCTATCAGG---TGAAACAAATG---ATCCC-AATAA---AACCGAG---TACAC
GAGCCTCCGAGTGGCACT---ACCGATG---ATCCA-AATAATGAGGCC--—-—-- TACTT
AATTATCCAGATGAAATTGAAACCCATGCATGCTCA-GATCCTTTATCTCAATGTTACTT
GAACCACCTTTGGG---TAAAAATCTCA---ACTTA-AGTCTCCACGCT————-- TCTTT

AAAATCGGATGATGGTGCAGAAGTGCTA---ATTCATATTGGTTTAGATACAGTTAATTT

*

TCTCAAGATCTACACTCACGATAT-CCCAGAAACCTACAATGTAGTT
TCTCAAGATCTACACTCACGATAT-CCCAGAAACCTACAATGTAGTT

*

GAGCCACATCTATACCAGAAATCA-GCCTGAGGATTACGGTCTACTT-CAGC----ATTG
GTATCACGATTACACTCAAAACAG-GCCTGAAACTTTTGAAATGGTCACGGA----ATGG
AAATCACACTTTAACGAAAGATCA-ACCCGAGACTTACGAATTGGTAAAAGA----AT-G

AAATGGTATAGGTTTTGAAAAGATTGTCCAACAGGGACAACATGTTAGCGAAGGCGATTT
--CGCAAATTTAGAGATGTGTTAGACGAATTCCCG----- CAACCAAAACACATGCTTA-
--CGCAAATTTAGAGATGTGTTAGACGAATTCCCG----- CAACCAAAACACATGCTTA-

GCGGCAACTTCTGGATAATTATACAGCTAACCACGATGGGCCATTGAGGATAATGATGA-
AGAGCGACTTTGGAGGAATT-TAAACAAAAGAATGGAGGACCAACAAGAGTTTTAATGG-
GCGAGATTTTGTGGACAACTATGCAGAAGAAAATAAGCGGGATGAAATAGTACTTTTGA-
ATTAGGTCATTTTGATATTGATAAGATTAAACAAGCCGGGCTAACACCGCTAACAATGAC
* * *

--TCGAGGCATACACGAA----TTTGTCCATGACGATGAAATATTACGAT —————————-

--TCGAGGCATACACGAA----TTTATCGATGACGATGAAATATTACGAT - ————————-

--CCGAGGGTTATGCTTC----GGTGTCGCAACTAATGGAATACTATGAA-GATTCGAAT

--TAGAAGCTTATGCTCC----ATTAACAAAAGTAATTCAAATTTATGGTCAAAATGGAC

--CAGAGGCGTATTCTTC----TTTAGAGAACACTCTCAAATATTACGAA-————————-

TATTGTGACGAATACAGCGGGATATGCACAAGTTGATCCGCTTTTAACAGTCGACAAGGC
* * * * * *x

—————— TACGGAGCAGATTTTCCCTTCAATTTTGCATTCATCAAGA--ACGTCTCTAGGA
—————— TACGGAGCAGATTTTCCCTTCAATTTTGCATTCATCAAGA--ATGTTTCTAGGG
GGTGTACAGGGCCCCCAGTTTCCCTTCAACTTTGACTTCATCACCG--AACTGAATGCCA
AGC-TAAATGGAGCTCAAATTCCATTTAATTTCGAGTTCTTGAATA--ATTTGGGAGCCG
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Figure 13. (continued)
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—————— GTTGGTTCAAATGTTCCCTTCAATTTTAAATTTATAACAG--ATGCAAATTCAT
TGC-TATGCAAGGCGAAGAAATTATTCAATTACACGCTAAAAAGGATTAAGGGGTAGTTA
* * * *

**k Kk K *

ATTCAAATTCATCAGACTTCAAAA-—-AATTGGTCGATAATTGGATGACGTACATGCCAC

ATTCAAATTCATCAGACTTCAAAA-—-AATTGGTCGATAATTGGATGACGTACATGCCAC

ATTCGACAGCTGCGGACTTTGTCT---TCTATATCTCCAGGTGGCTCATCTATATGCCAC

TAAGTAATGCTCGTGATTTCAAAG---ACGTAATTGACAATTATCTCAGCACAATCCCAG

CTTCCACGCCAGAACAATTTAAAG---TAATTATAGACAATTGGATAAAAGGAACGCCCC

CATGCAAACTAACTGGTGGCAAAATGCAGTATTTTATCAAGTCTATCCAAGAAGT-TTTC
* *

* * *

CAANTGGTATTCCTAACTGGGTGCCCGGAAACCANGACCNATTGAGATNGGTGTCGAGAT

CAAGTGGTATTCCTAACTGGGTGCCCGGAAATCACGATCAATTGAGATTGGTGTCGAGAT

ATGGTCATGTGGCCAACTGGGTGATGGGAAATCACGACAATCCTCGAGTGGCATCACGAT

AAGGAGCAACACCAAATTGGGTTCAAGGAAATCACGATCAACATCGATCAGCATCACGAC

AAAATAATGTTCCAAATTGGGTGATGGGAAACCATGATCGAGTTCGTGTCGGTACACGTT

AAGATAGTAATGGAGATGGAATTGGTGATATTCAAGGTATTATTCAAAGATTAGATTACC
* * * *

* **k K

TTGGAGAAGAGAAGGGCCGTATGATCACCACGATGTCGCTTTTGC---TGCCAGGTGTTT

TTGGAGAGGAGAAGGCCCGTATGATCACCACGATGTCGCTTTTGC---TGCCAGGTGTTG

TCGGTGAGAAATCTGTGGACGCCATGAATATGCTGCTGATGACAT---TGCCAGGAATTG

TCGGTCCACAAAAAGCTGATGCAGTTAATATGTTACTTCAAGTTC---TTCCCGGAGCTG

ATCCTGGTAGGGCGGATCACATGATAA---TGTTGGAGATGATTT---TGCCTGGAGTCG

TAGCTGATCTGGGTGTAAATGCAATTTGGCTATCACCAGTTTATCAATCCCCTAATGTTG
* * **

CCGTGAATTATTACGGTGATGA--AATTGGTA--TGTC---GGATACTTATATCTCGTGG
CCGTGAATTACTACGGTGATGA--AATTGGTA--TGTC---GGATACTTATATCTCGTGG
GTATTACTTATAATGGCGAGGA--GTTGGGCA--TGACTGACTACAGGGACATCAGCTGG
CAGTCACTTATTATGGTGAAGA--ACTTGCAA--TG---GAAGACGTTTTCGTTCCATGG
CGGTCACGTATTATGGAGAAGA--AATCGGTA--TGGT—————==————— === ——— G
ATAATGGCTATGATATTTCAGATTATCAGGCAATTAATCCGGAATATGGTTCTATGGTGG

* * *

** * * * *

G-AGGACACGCAGGATCCACAGGGATGCGGTGCCGGTAAAGAAAACTATCAAACAAT-GT
G-AGGATACGCAGGATCCGCAGGGATGCGGCGCCGGTAAAGAAAACTATCAAACGAT-GT
A-GCGATACGGTGGATCAGCCCGCTTGTGAGGCTGGAATCGACAACTACAAGACGAT-TT
T-CTCGTACTGTCGATCCACAAGCATGTACAACAGATCCAAATATTTTCCATGCCAA-GT
G-ATAACACT-ACGATATATAAATATGATGTAC----- GTGATGGTTGTCGTACACC-AT

ATATGGAGCAGTTAATTGAAGCGGCGAAGATTCGTAAGATTAAAATTGTTATGGACTTAG
* *%* * * *
CGAGAGATCCCGCGAG----- AACGCCATTCCAATGGGACGACTCACTTTCTGCTGGATT
CGAGAGATCCCGCGAG——--- AACGCCATTCCAATGGGACGACTCAGTTTCTGCTGGATT
CTAGAGATCCTGAGCG----- AACTCCCATGCAATGGAGTAGTGATGTGAATGCAGGATT
CACGTGATCCCGCAAG----- AACACCCATGATTTGGACTTCACAAAAAAACGCAGGATT
TCCAA-———- TGGCGAT——--- AACTCCATTAATGCAGGCTTTAGTAA-AATCGCTGAAAA

TTGTTAATCATACAAGTGACCAACATCCATGGTTTTTAGAAGCACGAAAATCAAAAGATA
* *

Hokk *

TTCC----TCAAGCTCTAATACGTGGCTTCGTGTCAATGAAAATTACAAGAC---TGTCA

TTCC----TCAAGCTCTAATACCTGGCTTCGTGTCAACGAAAATTACAAGAC---TGTCA

CTCC----TCCGCCGATCGCACTTGGTTGCCTGTCAATCCGAATTATAAGGA---ACTTA

TTCA----AGTTCAAATTACACATGGCTTCCAACTGGACCAGATTATCGCAA---AAATA

TTTG----CTTGAAAAGAAT---TGGCTACCTGTTCATACATCGTACAAAAGTGGACTAA

ATCCGTATCGTGATTTTTATATTTGGCGAGACCCTGCAACCGATGGTAGTGTTCCGAATG
*

KKKk

ATCTAGCTGCTGAAA--AGAAGGACAA---GAACTCGTTCTTCAATATGTACAAGAAATT
ATCTAGCTGCTGAAA--AGAAGGACAA---GAACTCGTTCTTCAATATGTTCAAGAAATT
ATCTTCGGAATCAGC--AGCAGGCGAG---GCGAAGTCATTACAAGATCTATCAGTCCCT
ATGTTGAAGTGCAGC--GTAGTCAGAG---AGGCAGTCACTTGAATATCTTTAAAAAGTT
ATTTGGAGCAAGAGA--AAAAAGATAG---TATTTCTCATTATCATCTTTATACCAACTT
ATTTACAAAGTAATTTTAAAGGATCAGCTTGGGCGTTTGATGCGGTTACTGGGCAATATT

* * * *

Ex *
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Figure 13. (continued)
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CGCGTTGCT--———-- GAAAAAATCGCCATATTTTAAAGAGGCCAATTTAAGTACGAGGA
TGCGTCGCT——————- GAAAAAATCGCCATACTTTAAAGAGGCCAATTTAAATACGAGGA
TCTGAAGCT——=———- CAGACAACTGCCAGTTCTGAAGAACGGATCCTTTGTTCCAGAAG
GACTCAACT-—=———- TCGTAAGCAAGACATTTTGATGTATGGCACTTATGATAGTTACT
GACCGCTTT-=-==—-- AAGAAAGAGAGATGTGTTGAAAAAAGGAAACTTTACTATAGAAA

ATTTACATTTTTATGCGAAAGAACAACCGGATTTAAATTGGCAAAATCCTAAAGTTAGAG
* * * *

TGCTGAACGACAATGTTTTCGCNTTCTCTAGG-GAAACCGAAGACAATGGATCTCTTTAC

TGCTGAACGACAATGTTTTCGCATTCTCTAGG-GAAACCGAAGATAATGGATCTCTTTAC

TGGTTAATCGCAGGGTCTTCGCTTTCAAGCGA-GAACTGAAGAACGAGCACACTCTGCTG

TGGCAAATGATGACGTTTTGGTGATTAAACGT-GAAATTGAGAATAATCGAACTTTGATT

TTTTAAACAAAACTGTTCTGGCTGTCGTGCGACAAAGCGAAGAAGAAGCGGTATCTCTTT

AAGCTGTCTACCAGATGATGACTTGGTGGCTT-CAAAAAGGGATTGGTGGTTTTAGGATG
* * *xk *

GTAATAATGAACTTCTCGAA---CGAGGAACAAATCGTGGATTTGAAAGCGTTTG----~

GCAATATTGAACTTCTCGAA---CGAGGAACAAATCGTGGATTTGAAAGCGTTCA-----

ACCATTGTGAACGTGAGCAACCGCACTGAACTGGTTGACATCGCGGACTTTA-——————-

GCTGTCCTTAACTTGGGT---TTCACTGAACAAGTCGTCAATTTGAATTTAAATGACCGA

--—-TGATCAACTTCTCTAAAAATAATACTATCGTGGATATATCAAAGTTGGT-———--—

GACGTTATTGATTTGATAGG--GAAGGAACCTGACCGCAAAATTAAGGAAAACGGACCGC
* * *

* *

-===ATC-==-- ACGTGCCGAAGA-GATTGAATATGTTTTACAACAATTTTAACTC----
-———=ATA--——- ACGTGCCGAAAA-AATTGAATATGTTTTACAACAATTTTAACTC----
-—-TAGA----- ACAGCCCA-ATC-GATTGAGTGTCCTTGTGGCGGGAGTGGACTCGCAA
GATTGGA----- AAGTTCCAGAGA-GAATGGAAGTTGCAACAGCTTCAGTTAACGCAGGA
————— GA-----ACAAAAGAAATA-ATGCTAAAATTTACACAAGCAGCGTAAACTCCAA-

AATTACATGCGTATCTTCAAGAGATGAACGCAAGGGTACTTTCACAGTATGATGTAGTAA
* * *

-——-TGATATAAAATCCATCTCCAACAACGAGAAAATAAA-AGTTCCTGCTTTAAGATTT
-—-—-TGATATAAAGTCCATCTCCAACAATGAACAAGTAAA-AGTTTCTGCTTTAGGATTT
CACCGGGTGGGGGATCGACTTAAGGCCGAGACAATTGAATTGGCGCCCAACGAGGGATTA
ATGTTCGAGAGACAACCCGTTGTGACAAGTGAAGTCTACGTATCAGCTGGCGTTGGAGTT
--TTTGACAGTAAATCAAACTGTAAATCCAGTGGCTATCAATATTCCTGGAGATACATCT
CGGTTGGAGAGACAT-GGGGGGCAACACCCGAAATTGGCCAGATG--TACAGTAATCCTA

NTAATCTTAATCTCTCA--AGATGCTAAATTTGAAAACATTTAATTTCTTCTTGAACATG
TTCATCTTAATTTCTCA--AGATGCTAAATTTGGAAACTTTTAATTTCTTCCTGAATATG
GTTATTCAGCTGAATAAGCGAAAGTAA-————— e
GTT-CTCGATTATCAAGTAGGGCGTCAAATTCCCGAACCAAGAGGTGACGATCCAGGACT

ATAATTGTAGATTCATC---CACTTCAGGCGCTACTATAGTCAATTATTCAATCATGAT -

ATCGCCACGAACTATCGATGATCTTTCAATTTGAACAAATTAATTTAGATAAACAATCAG
*

TCTATNCTTTGAAGCGGCGA=———————————— o= 1760
TCTATTCTTTGAAGCGGCGA-———————————— o mmm o 1760

ATACGAATAAGAAATATTCC-————————m oo 1831
TTTCTTATCCGCAGTGTTCATATCTTTTTTCCAACGG-———~- 1764

GGATGACTCGCTGGGATTTAAAACCACTTATTCCAGCAGAGT 1946
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Figure 13. The multiple alignment of nucleotide sequences of AG in A. florea with other

organisms. Common residues are indicated by asterisks below the sequences.
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SGITAIWLSP INRSPMVDFG YDISDFKDVD
APFTFLP--= —————- ILIA FSATKRFGGN

SRS JEEEEY PEREY EEPERY PR
150 160 170
LSLK----- N VEPYNNYYIW HPG-KIVNGK
TEPYNNYYIW HPG-KIVNGK
KSVA--—-- R EPGYEDFYVW EDGILLENGT
KSI1Q----- R DPEYNDYYIW HPGKPNPDGG
MSINNTNNNN TNKYKDYYIW VDPVKDDKGN
FGLN----1A QAGYQGQVIP VIGVAFILAN
- *- -

S EEEEY UEEETS EEPEY EETEE B |
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NYYNPAVLDE MQNVLRFWLK RGLDGFRVDA
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NYRNPAVIKA MDDVMLFWLN KGIAGFRIDA

20 30

SREE) EEE

50 60 70
IKEKLDHFLE
IKEKLDHFLE
ITSRLQYFKD

S EEERY EPPER) PR |
40

—-LKEDLILY QVYPRSFKDS NGDGIGDIIG
—-LKEDLIVY QVYPRSFKDS NGDGIGDIEG
YNWWQHEVFY QIYPRSFQDS NGDGIGDLQG
—-WWEIGNFY QVYPRSFMDS DGDGVGDLKG ISEKVGYLKE
——WWKNAIFY QVYPRSFMDS NSDGIGDLKG IKDKLSHFIE
—-LFGAQSIV QMFP—————— —————— QWKG FAEIVNMMSS
K- -k - - - -

SEES IEETE FEEEY EEEET BEREY B PR |
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PEYGTLEDFD ALIAKANELG VKVILDFVPN HSSNKHPWFI
PQFGDLSSID ELVAEFNKKD MKLILDFVPN HTSDQCEWFK
PIFGTIKDLE DLTAEAKKQN LKVILDLVPN HTSDQHKWFQ
PYLGAAAGMM LVMPNLVN-G YGVAESIATG HMT---YWHV

*  x * *
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180 190 200 210
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R---VPPNNW LSVFSGSAWM WNDERQQYYL RQFTYGQPDL
RN--LPPTNW VSAFRSSAWE WNEERGEYYL HQFLAQQPDL
PIKDKYPNNW LSVFNGTGWT FHEGRKQFYF HQFYKQQPDL
LE--KFFHKH LNDAVDFTFT PMLSIIITGF LTFTLVGPAL

- - - - * * x

R .- -1
250 260 270 280

LPYICED--- -- MRFLDEPL SGETNDPNKT EYTLKIYTHD
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Figure 14. (continued)

Af_AG.nuc V---PKRLNM FYNNFNSDIK SIS--NNEKI KVPALRFXIL ISQDAKFENI F-------om —mommmo
Am_AG.nuc V---PKKLNM FYNNFNSDIK SIS--NNEQV KVSALGFFIL ISQDAKFGNF ——-—-—-—me —mmmmoe
Dm.CG.nuc Q---PNRLSV LVAGVDSQHR VGDRLKAETI ELAPNEGLVI QLNKRK---- —————--mmm —mmmmm
Cs.maltase  DWKVPERMEV ATASVNAGMF ERQPVVTSEV YVSAGVGVVL DYQVGRQIPE PRGDDPGLYE --------
Am.maltase  K---RNNAKI YTSSVNSNLT VNQTVNPVAI NIPGDTSIIV DSSTSGATIV NYSIMIFLSA VFISFFQR
Ls.ScrA.nu  T------- MT IVTNTAGYAQ VDPLLTVDKA AMQGEEIIQL HAKKD-———= ———mmmmome o
Clustal Co .. : - .

Figure 14. The multiple alignment of amino acid sequences deduced from the cDNA
sequences of AG in A. florea with other organisms. Common residues are indicated by

asterisks below the sequences.

A preliminary phylogenetic tree from deduced amino acid of AG among
these organisms was reconstructed using UPGMA and neighbor-joining (NJ) methods as
implemented in the program PAUP* version 4.0b (Phylogenetic Analysis Using
Parsimony methods*). To investigate support for nodes estimated in the trees, bootstrap
analysis was undertaken in PAUP (heuristic search). The bootstrap analysis with 50%
deletion was used as indications of branch support for individual clades. The bootstrap
values was calculated by using 1,000 replicates. The dexB in Lactobacillus sakei
sequence was selected as an outgroup in NJ and bootstrap methods. A phylogenetic
tree from UPGMA method (Fig. 15) was indicated distance between AG of A. florea
among that in other organisms. Furthermore, a phylogenetic tree from NJ method (Fig.
16) was represented three major clades. Clade | was comprised of the AG of A. florea
and A. mellifera. Clade Il was comprised of the AG in Drosophila melanogaster and

maltase in Culicoides sonorensis. Clade Il was comprised of maltose 1 in A. mellifera.
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UPGMA

_ 0025 AG A. florea

0.258

[ 0025 AG A. mellifera

0.003

0.283

AG D. melanogaster
0.005

0.154 0.286 Maltase C. sonorensis

0 | 0.291 Maltase 1 A. mellifera

0.444 dexB and scaA L. sakai

Figure 15. A phylogenetic tree of deduced amino acid sequence of AG in A. florea
among other organisms by UPGMA method. A number on each branch indicate

differential.

differential.
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NJ
0.024 AG A. florea
0.250
100
0.026 AG A. mellifera
0.009
65
0.277 AG D. melanogaster
0.009
63
0.293 Maltase C. sonorensis
0.288 Maltase 1 A. mellifera
0.596 dexB and scaA L. sakai

Figure 16. A phylogenetic tree of deduced amino acid sequence of AG in A. florea
among that in other organisms by NJ method. The upper numbers on each branch
indicate the differential between genes. The lower numbers (in bold type) were the full

heuristic bootstrap percentages of 1,000 replicates.
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3. Major protein pattern of crude extract
Proteins of head (12 heads) and honey crop (20 honey crops) of forager bee
was extracted by buffer insect saline. Crude protein was separated by SDS - PAGE.
Different bands of major protein (50 kDa from head and 15 kDa from honey crop) were

observed as in Figure 17.

kDa M 1 2 3 4 5 6
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Figure 17. Pattern of major proteins in crude of head and honey crop.

Lane M: broad range protein MW markers
Lanes 1-2: crude protein of head (1 mg protein)
Lanes 3-4: crude protein of head (0.5 mg protein)

Lanes 5-6:  crude protein of honey crop (1 mg protein)

4. Ammonium sulfate precipitation
Various concentrations of ammonium sulfate (AS) were added into crude
protein. Due to Fig. 18, the highest specific activity (1 u/ mg) was obtained from crude
without AS precipitation. High specific activity (0.7 u/ mg) was also from precipitation of
80 - 95% AS. The lowest specific activity (0.2 u/ mg) was appeared from precipitation in
40 - 50% AS. Due to SDS - PAGE, different pattern of protein was observed in each

lane. Common band of 100 kDa was observed in all lanes (Fig. 19).
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Figure 18. Specific activity of crude precipitation by various concentrations of

ammonium sulfate.
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Figure 19. Protein profile of precitate from various concentrations of ammonium sulfate
(AS). Protein (20 ug) of all precipitates were electrophoresed by SDS polyacrylamide gel
and CBB stained.

Lane 1: precipitate by 0% AS

Lane 2: precipitate by 0 - 30% AS

Lane 3: precipitate by 30 — 40% AS

Lane 4: precipitate by 40 - 50% AS

Lane 5: precipitate by 50 - 60% AS

Lane 6: precipitate by 60 - 70% AS

Lane 7: precipitate by 70 - 80% AS

Lane 8: precipitate by 80 - 90% AS

Lane M: broad range protein MW markers
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5. AG purification
5.1 Crude protein with ammonium sulfate precipitation
5.1.1 Anion exchange (DEAE - cellulose)
Crude protein was injected to DEAE - cellulose equilibrated by 30

mM sodium phosphate buffer (pH 6.3). The column was developed by a linear gradient
of 0 — 1.0 M NaCl. SDS - PAGE was represent in Figure 3.15 on lane 1 - 4 (B). The AG
activity was eluted within unbound (fraction# 4 - 7) and bound peaks (fraction# 21-24) as

in fig. 20. Positive fractions were pooled and desalted by dialysis.

3500 - +6
3000 - L5
< 2500 - ~
£ "5
< 2000 | 2
€ 2
g 1500 ’ 2
5 3
A |
O 1000 - (3:
500 - 1
0 A PoS e, 1)
5 10 15 20 25 30 35 40 45 50 55 60 65 70
Fraction number

Figure 20. AG on a DEAE-cellulose column. Crude protein, 300 mg; column, 1.6 x 13
cm; equilibrium, 30 mM sodium phosphate buffer (pH 6.3); elution, 0 - 1 M NaCl;
flow rate, 60 ml/ h; fraction size, 10 ml;, —e—  OD at 280 nm; —O0— , alpha

glucosidase activity; .uuuween , molarity of NaCl.
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5.1.2 Gel filtration (Superdex 200)

The dialyzed sample of bound peak from DEAE cellulose was
applied to a gel filtration column on Superdex 200 equilibrated by 30 mM sodium
phosphate buffer containing 100 mM NaCl (Fig. 21). Low AG activity (less than 1 u/ ml)
of bound peak sample (fraction# 14) was calculated. SDS — PAGE was represent in

Figure 23 on lane 1 (A).

180 - + 0.9

160 - 408
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X 1201 loe E
E =)
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(@) <

40 A L 0.2

20 - - 0.1
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5 10 15 20 25 30 35 40 45 50 55 60 65 70
Fraction number

Figure 21. AG on a gel filtration (Superdex 200) column. Bound peak solution of DEAE,
10 mg protein; column, 1.6 x 51 cm; equilibrium and elution, 30 mM sodium phosphate
buffer containing 100 mM NaCl (pH 6.3); flow rate, 30 ml/ h; fraction size, 10 ml; —e—

OD at 280 nm; —0— , AG activity.
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The dialyzed sample of unbound peak from DEAE - cellulose was applied to
a gel filtration column on Superdex 200 with the same condition. High AG activity (4 u/ ml) was
obtained from unbound peak of protein as in Fig. 22. SDS — PAGE was represent in

Figure 23 on lane 5 (B).

450 - ~ 45
400 |
350 |
300 |
250 |
200 -

150 -

OD 280 nm (mAu)
AG activity (U/ml)

100 -

50 4

Fraction number

Figure 22. AG on a gel filtration (Superdex 200) column. Unbound peak sample of DEAE
- cellulose, 18 mg protein; column, 1.6 x 38 cm; equilibrium and elution, 30 mM sodium
phosphate buffer containing 100 mM NaCl (pH 6.3); flow rate, 30 ml/ h; fraction size, 10

ml; —e— , 0D at280 nm; —O—, AG activity.

Fractions (from Superdex 200) containing highest AG activity were
concentrated and desalted by centrifugal filter (MWCO 10,000 Da). The retentive
solution was separated by SDS — PAGE as in Fig. 3.15. Bands of Af1 (55 kDa), Af2 (52
kDa), and Af3 (73 kDa) were excised from the gel for MALDI — TOF MS.
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kDa M1 1 kDa M2 1 2 3 4 5 M1 6
225 —Pp 97
150 — T Af3
100 —P 66
75 —> —
45 \ Af 2

0o —P
° Af 1
3B —P 30—
% 201 —»

144 —
15  —

(A) (B)

Figure 23. CBB staining of SDS - PAGE.

Lane 1 (A): filtered sample (40 ug) from fraction# 14 of Superdex 200 (from bound DEAE
cellulose)

Lane 1 (B): unbound sample (3 mg) from DEAE cellulose (fraction# 6)

Lane 2 (B): unbound sample (3 mg) from DEAE cellulose (fraction# 7)

Lane 3 (B): unbound sample (3 mg) from DEAE cellulose (fraction# 8)

Lane 4 (B): pooled unbound sample (3 mg) from DEAE cellulose before Superdex — 200

Lane 5 (B): highest activity fraction (0.3 mg) from Superdex - 200 (fraction# 12) from
unbound DEAE cellulose)

Lane 6 (B): concentrated sample (3.6 mg) from lane 5

Lane M1: broad range protein MW marker

Lane M2: low molecular weight marker
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5.1.3 Gel filtration (Sephadex G — 150)

The dialyzed unbound peak sample (Fig.20) was chromatographed
on a Sephadex G - 150 column equilibrated by 30 mM sodium phosphate buffer
containing 100 mM NaCl. AG was eluted in bound peak. Due to figure 16, activity was
found in fractions# 40 - 46. The highest fraction contains 3.7 u/ ml of activity. Protein in
fractions containing activity was separated by SDS PAGE to determine the purity of

purification (Fig. 25). Only one band (50 kDa) was visible.

34
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Figure 24. AG on a gel filtration (Sephadex G - 150) column. Unbound peak sample of
DEAE, 10 mg protein; column, 1.5 x 87 cm; equilibrium and elution, 30 mM sodium
phosphate buffer containing 100 M NaCl (pH 6.3); flow rate, 15 ml/ h; fraction size,

3 ml; —e— , protein concentration (Bradford’s assay); —O— , AG activity.
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Figure 25. SDS - PAGE of positive fractions from Sephadex G - 150. Lanes 1-7

contained fraction# 40 — 46 (100 ug), respectively.

5.1.4 Cation exchange (CM cellulose)

Due to the chromatography on DEAE, the protein was not bound
on the column. Instead, the dialyzed unbound sample (Fig. 21) was chromatographed
on a CM cellulose column equilibrated by 20 mM sodium acetate buffer and eluted by
0 -1 M NaCl. Almost same activity was found in all fractions although protein was eluted
from the column (Fig. 26). In each fraction, the amount of protein was low (less than 100

mAuU by O.D. 280).
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Figure 26. AG on CN'Cellulose. Unbound peak sample of DEAE, 100 mg protein;
column, 1.6 x 13 cm; equilibrium, 20 mM sodium acetate buffer (pH 4.7); elution, 0 - 1 M

NaCl; flow rate, 60 ml/ h; fraction size, 10 ml; —e—

......... , molarity of NaCl
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OD at 280 nm;—0— , AG activity;

Furthermore, crude protein was injected onto CM cellulose equilibrated by

20 mM sodium acetate buffer (pH 4.7). The column was developed by a linear gradient

of 0 — 1 M NaCl. The AG activity was eluted at second unbound peak (Fig. 27). The

obtained activity was low (less than 1 U).
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Figure 27. AG on CM cellulose. Crude protein, 300 mg; column, 1.6 x 13 cm

equilibrium, 20 mM sodium acetate buffer (pH 4.7); elution, 0 - 1 M NaCl; flow rate,

ml/ h; fraction size, 10 ml; —e—

, molarity of NaCl.

OD at 280 nm; —O— , AG activity; «eeeeseee

5.2 Crude protein without ammonium sulfate precipitation

5.2.1 Anion exchange (DEAE cellulose)

42

60

In order to avoid the loss of AG activity before chromatography

(data from Fig. 18), crude protein without being precipitated with ammonium sulfate was

applied directly on a DEAE column under the same condition.

obtained in unbound (fractions# 3-8) and bound (fractions# 28-32) peaks.

The high protein was
High AG

activity was assayed from the unbound peak. SDS — PAGE was represent in Figure 29

on lane 3 - 4.
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Figure 28. Unprecipitated AG on DEAE cellulose. Crude protein without precipitation
with ammonium persulfate, 250 mg; column, 1.6 x 13 cm; equilibrium, 30 mM sodium
phosphate buffer (pH 6.3); elution, 0 - 1 M NaCl;flow rate, 60 ml/ h; fraction size, 10 ml;

—e— , 0D at 280 nm; —o0— , AG activity; ===ssseee , molarity of NaCl.

From all procedures of AG purification, it can be summarized in Table 6.
Specific activity of AS precipitate was lower than crude. Specific activity after DEAE
cellulose is the lowest but it is not greatly different from crude. AG activity in both bound
and unbound peaks from DEAE - cellulose was assayed. The bound peak was
separated on Superdex 200 while the unbound peak was separated on Superdex 200,
Sephadex G — 150, and CM - cellulose. After second times of purification by gel

filtration, specific activity was higher.



Table 6. Summary of purification procedures of AG.
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Total  Total activity Specific Yield Purification
Procedure protein (u) activity (%) fold
(mg) (u/ mg)
Crude 4,065 1,228.5 0.302 100 1
Ammonium sulfate
( 95% saturation) 1,075 195.2 0.182 15.89 0.603
DEAE - cellulose 780 133.52 0.171 10.87 0.566
Superdex 200
- Bound DEAE peak 441 22.8 0.517 1.856 1.712
- Unbound DEAE 52 124 2.3846 10.095 7.89
and ultrafiltration 10.46 42.29 4.043 3.443 13.3874
Sephadex G - 150
- Unbound DEAE 60 81.3 1.355 6.619 4.487
CM - cellulose
- Unbound DEAE 25 38.95 1.558 3.171 5.159
- Crude protein 40.92 26.07 0.637 2122 2.109
DEAE - cellulose 20 90 4.5 7.327 14.901

(no AS)

Protein in fractions containing highest AG activity of DEAE — cellulose and

Sephadex G — 150 was separated by SDS — PAGE and CBB stain (Fig. 29 A). A major

band of 100 kDa and minor bands of 35 and 50 kDa were observed in lane 1 but a major

band (35 kDa) and a minor band (50 kDa) were observed in lane 3. This may indicate

that AS precipitation affects high MW protein.

Protein was denatured and renatured.

Many bands of protein were

observed on SDS polyacrylamide gel (Fig. 29A) but only one positive band was visible in

lanes 2 — 3 of activity gel (Fig. 29 B). No AG activity at all in lanes 1 and 4 (Fig. 29 B)

although lots of protein were detected in Fig. 29 A.
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Figure 29. CBB staining (A) and activity staining (B) of fractions containing highest

activity from DEAE — cellulose and Sephadex G — 150.

Lane 1: unbound fraction with AS (3 mg) on DEAE (Fig. 12)
Lane 2: unbound fraction (1 mg) on Sephadex G - 150 (Fig. 16)
Lane 3: unbound fraction without AS (1 mg) on DEAE (Fig. 20)
Lane 4: bound fraction without AS (1 mg) on DEAE (Fig. 20)
Lane M: broad range protein MW marker

Three bands on SDS polyacrylamide gel (Fig. 23) were excised. Arrows
indicate locations of 3 bands, Af1, Af2, and Af3. Due to the Rf value and log MW of
protein marker, MW of Af1, Af2, and Af3 were calculated to be 55, 52, and 73 kDa,
respectively (Fig. 31). The bands of Af1 and Af2 were selected because they were
always found from any chromatography. While the Af3 band was excised because its
MW (about 93 kDa) is closed to MW of AG in A. mellifera (Fig 30). Molecular weight of
purified AGI, AGII, and AGIII were 98, 76, 68 kDa, respectively (Takewaki et al., 1980
and Nishimoto et. al., 2001). Those bands were later digested by trypsin and analysed
for peptide by MALDI - TOF MS at Bioservice unit, Thailand.
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Figure 30. Relationship between R, value and log MW of broad range protein MW

marker. MW of AG from Fig. 21 was estimated.

2.5
Af 1

log MW

14.4

log,,(MW) =-1.188(R) +2.0517
R? = 0.9814

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Figure 31. Relationship between R, value and log MW of low MW marker. MW of Af1,
Af2, and Af3 from Fig. 15 was calculated. The LMW standard marker contains
phosphorylase b (97 kDa), bovine serum albumin (66 kDa), ovalbumin (45 kDa),
carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa), and alpha - lactalbumin (14.4
kDa).
6. MALDI - TOF peptide mass mapping

Whole body of honeybee was partial purified by 1) various

chromatographies; anion exchange (DEAE cellulose), gel permeation (Superdex 200)

and 2) by ultrafiltration with centrifugal filter MWCO 10,000 Da. Then, the obtained
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protein was separated by SDS - PAGE. The protein complement of partial purified AG
was sequenced for peptide by matrix assisted laser desorption ionization/time of flight
(MALDI - TOF) mass spectrometer.

The peptide mass was searched in SwissProt database in Mascot program

(www.matrixscience.com). Peptide matching for sample mass spectra was based on an
accuracy of +1 Da. The MALDI - TOF mass spectrum of Af3 showed six peptide
masses, 1163.543 m/z, 1313.55 m/z, 1719.779 m/z, 1977.753 m/z, and 2111.86 my/z,
[M+H]" which were matched to those of AG in A. mellifera (Q17958). The score is 70
which is accepted to be significant (p < 0.05) since it is greater than 67. According to

Fig. 32, the matched peptide is 12% coverage with AG in A. mellifera (based on the M, of
65.5 kDa).
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Figure 32. The amino acid sequence of AG in A. mellifera (Q17958). Matched peptides

are shown in bold and underline letter.

7. Compare amino acid sequence between deduced amino acid sequence from

cDNA and amino acid from MALDI — TOF MS

Comparing amino acid sequence between deduced amino acid sequence from
cDNA and amino acid from MALDI — TOF MS. Most of residues is same amino acid
except only one residue at 32. It is Leucine (L) in deduced amino acid sequence from
cDNA and Valine (V) amino acid from MALDI — TOF MS. However the 2 amino acids

have close molecular weight. Molecular weight of Valine is 117 Da while Leucine is 131 Da.
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Figure 33. Compare amino acid sequence between deduced amino acid sequence from

cDNA (upper line) and amino acid from MALDI — TOF MS (lower line)

8. Two - dimensional electrophoresis

Crude protein precipitated by 95% ammonium sulfate was desalted and

separated on 2 - D electrophoresis. Most MW of protein was low in the range of 14.4 - 45

kDa as in Fig. 34. The distinguished spots were detected in range of pH 3 - 8.5. Owing

to result of MALDI — TOF, MW of AG is about 73 kDa. Affirmatively, the assumed AG

protein is marked in circle with the expected MW of about 73 kDa at pH 5.5.



49

kDa

a7
66

R
0

45

30 =

|

20.1

|

14 4

pH 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Figure 34. Two - D electrophoresis of crude protein (2 mg). Lane M contained

low MW marker.

9. Optimum conditions for AG

A fraction containing activity peak from Superdex 200 (Fig. 22) was selected
to study optimum conditions for AG activity. The optimum parameters (pH, temperature,
selective concentration of substrate, and incubation time) were measured as mentioned
in Materials and Methods. Three replications were performed. The average value was
calculated and used to plot a graph.

The obtained optimum pH of purified AG is 5 (Fig. 35). The optimum
temperature is 55°C (Fig. 36). The selective concentration of substrate is 80 mM

(Fig. 37) and the optimum incubation time is 40 min (Fig. 38).
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Figure 35. The optimum pH of partial purified AG in A. florea. Briton - Robinson buffer

at various pHs ranging between 3.0 - 7.5 was used. The optimum pH is 5.0.

9.2 Optimum temperature
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Figure 36. The optimum temperature partial of purified AG of A. florea. The reaction

mixture in acetate buffer (pH 5.0) containing 0.1 M sucrose was incubated at various

temperatures ranging among 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, and 80°C for 10 min.

The optimum temperature is 55°C.
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9.3 Selective concentration of substrate for partial purified AG

specific activity (U/mg protein)

0 10 20 30 40 50 60 70 80 90 100 110

concentration of sucrose (mM)

Figure 37. The optimun concentration of sucrose of partial purified AG in A. florea. The
reaction mixture was incubated with sucrose at various concentrations of 10, 20, 30, 40,
50, 60, 70, 80, 90, and 100 mM, respectively. The optimum concentration of sucrose is
80 mM.

9.4 Optimum incubation time of partial purified AG
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Figure 38. The optimun incubation time of purified AG in A. florea. The reaction mixture
was incubated at 55 °C for 10, 20, 30, 40, 60, and 90 min, respectively. The optimum

incubation time is 40 min.
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Conclusions

1) Alpha - glucosidase (AG) expression is highest in forager bee.
Quantitative analysis by RT — PCR indicates that an expression profile of AG gets
increased in nurse bee (386.633) and forager bee (760.589), respectively. But no
express in egg (16.082).

2) The cDNA sequence of AG (1,739 bp) was obtained by RT - PCR. In
addition, the deduced amino acid sequence of AG (568 amino acids) was obtained.

3) By blast, alignment of AG sequence in A. florea with related genes in
other organisms presents the highest similarity of 95% to that in A. mellifera.

4) Phylogenetic trees of amino acid sequence by UPGMA and Neighbor -
Joining were constructed. The result also supports that the AG from A. florea was closed
to AG in A. mellifera.

5) The suitable purification procedure of AG in A. florea was
chromatographied on DEAE cellulose (0.171 u/ mg), Superdex 200 (2.3846 u/ mg), and
concentrated by centrifugal filter at MWCO 10,000 Da (4.043 u/ mg). This procedure
provides the highest activity

6) The specific activity of AG was obtained from DEAE cellulose at 0.171 u/
mg (with 95 % ammonium sulfate, AS, saturation) and at 4.5 u/ mg (without AS
precipitation). It is possible that AS causes the loss of AG activity.

7) From Sephadex G — 150 protein in active fractions was separated by SDS
- PAGE and renatured. The activity band of AG (93 kDa) could be recovered.

8) The most active fraction from Superdex 200 was concentrated and
separated by SDS - PAGE. After the plot of Rf value and log MW, the MW of candidate
AG was about 73 kDa. Then, the band was excised and sequenced by MALDI - TOF
MS.

9) MALDI - TOF peptide mass maps of purified AG showed six matching
masses of AG in AG in A. mellifera (gi|58585164), score 70, with 12% coverage (based
on the M. of 65523 Da).



53

10) The optimum condition for partial purified AG was at pH 5, at
temperature of 55°C, at incubation time of 40 min, and in sucrose concentration of 80
mM.

1.3.2 Purification of alpha-glucosidase (AG) in Apis cerana

1. Alpha glucosidase cDNA sequence

Total RNA was extracted from hypopharyngeal glands of forager bees and
determined by 1.2% (w/ v) agarose gel and formaldehyde gel. After electrophoresis,
18S and 28S rRNA were visible on agarose gel (Fig. 39A) while only 28S rRNA was

observed on formaldehyde gel (Fig. 39B).
1 1 2

= 285

28S
18S

(A) (B)

Figure 39. Total RNA extracted from HPGs of forager bees was electrophoresed on

1.2% (w/v) agarose gel (A) and formaldehyde gel (B).
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2. Partial cDNA sequence

According to RT - PCR amplification, all primers worked at the same condition as
mentioned in Materials and Methods. The PCR product of 850 bp was obtained from
FW2 and R3 primers (Fig. 40A). The product of 750 bp was amplified by FW2 and oligo
dT primers (Fig. 40B). Also, the product of 220 bp was amplified from FW3 and R3

primers (Fig. 40C). Those PCR products were sequenced by Bioservice unit, Thailand.

(A) (B) (C)

Figure 40. The RT - PCR product of AG from HPGs. Lanes 1 in all figures contained
100 bp ladder marker. Lane 2 contained product by FW2 and R3 primers (A) and
product by FW2 and oligo dT primers (B). Lane 3 contained product by FW3 and R3
primers (C).
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Control experiments were performed by using primers of 285 RNA and
Elongation factor (EF) genes. The sizes of 350 bp and 100 bp RT - PCR products were

obtained, respectively (Fig. 41).

Figure 41. Control primers for RT - PCR amplification.
Lane 1: 100 bp ladder marker
Lane 2: product amplified by 28S rRNA primers

Lane 3: product amplified by Elongation factor (EF) primers

The sequences of all above RT - PCR products were shown in Fig. 42. The
obtained cDNA length of AG is 1,740 bp. In addition, the derived amino acid sequence

(567 amino acids) is obtained and represented in Fig. 43.



SR EEE T PR IR EEEE B R T R JErrr B
10 20 30 40 50 60

ATGAAGGCGA TAATCGTATT TTGCCTTATG GCATTGTCCA TTGTGGACGC AGCATGGAAG

SRR EEEE T R R R SR R R EERE IR R
70 80 90 100 110 120

CCGCTCCCTG AAAACTTGAA GGAGGACTTG ATCGTGTATC AGGTCTACCC AAGAAGCTTC

SR EEEEY UEETE PR SR EERE BT R SRR B R B
130 140 150 160 170 180

AAGGATAGCA ATGGAGATGG TATTGGTGAT ATCGAAGGTA TTAAACAAAA ATTGGACCAT

SRR EEEEY UEEEE PR SRR EEREY BT EEEEY ST R B B
190 200 210 220 230 240

TTTCTCGAAA TGGGCGTCGA TATGTTTTGG TTATCTCCTA TTTATCCAAG TCCTATGGTC

SRR EEEEY UEETE PR SRR FEREY BT BEEY SRR B SRR B
250 260 270 280 290 300

GATTTTGGTT ATGACATTTC GAATTACACC GATGTTCATC CCATATTTGG CACCTTATCA

SEREY EETEY EEEER) EERYY UEPEEY EERRY UEEREY PEEEY UFREE PEREY BETRE PPy
310 320 330 340 350 360

GACTTAGATA ACTTAGTTAA TGCTGCACAT GAGAAGGGAC TGAAGATAAT CTTGGATTTC

SEREY EETEY BEEEE) EERYY UEPEEY EERRY UEEREY PEEE UFREE PEREY BETRE PPy
370 380 390 400 410 420

GTTCCGAATC ATACATCTGA TCAACATGAA TGGTTCCAGC TGAGTTTGAA AAACATTGAA

SRR EEEE T PR IR EEE BT R R EEEE R B
430 440 450 460 470 480

CCTTATAACA ACTATTATAT TTGGCATCCA GGAAAAATTG TAAATGGTAA ACGTGTTCCA

SRR EEEE U PR SRR EEEE B R SRR EERE SR R
490 500 510 520 530 540

CCAACTAATT GGGTAGGCGT ATTTGGTGGA TCAGCTTGGT CATGGCGAGA AGAACGACAG

SR EEEE U PR SRR EERE B R SRR EERE SRR B
550 560 570 580 590 600

GCATATTATC TGCATCAATT TGCACCAGAA CAACCAGATC TAAATTACTA TAATCCAGTT

SRR EEEEY EEEEE PR SR EEEY SRR EEEEY R EEREY R B
610 620 630 640 650 660

GTACTAGATG ATATGCAAAA CGTTCTCAGA TTCTGGCTGA GAAGAGGACT CGATGGTTTC

SRR EEEEY UEETE PR SRR EEEY ST BT SRR R R R
670 680 690 700 710 720

AGAGTAGATG CTTTGCCTTA CATTTGCGAG GACATGCGAT TCTTAGACGA ACCCCTATCT

SRR EEEEY UETT PR SRR FEE BT BEEE SRR R R B
730 740 750 760 770 780

GGTGAAACAA ATGATCCCAA TAAAACCGAG TACACTCTCA AGATCTACAC TCACGATATC

SRR EEEEY UEETE PR SRR EEREY BT BEEY ST R SRR B
790 800 810 820 830 840

CCAGAAACCT ACAATATAGT TCGCAAATTT AGAGATGTGT TAGACGAATT CCCGCAACCA
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850 860 870 880 890 900
AAACACATGC TTATCGAGGC ATACACGAAT TTATCGATGA CGATGAAATA TTACGATTAC
SRR EETEY BEPER) PEPEY UEEPR) BEPEY SEEER) BEFEY SEEPE) BEETY SRR BEee |

910 920 930 940 950 960
GGAGCAGATT TTCCCTTTAA TTTTGCATTC ATCAAGAATG TCTCTAAGGA TTCAAATTCA

SRR EETEY BEEER) PEPEY UEEER) BEPYY SEEER) BEFEY SEEPE) BEEEY SEEPE BEee |
970 980 990 1000 1010 1020

TCAGACTTCA AGAAATTGGT CGATAATTGG ATGATATACA TGCCAGCAGA TGGTATTCCT

SRR EETEY EEEER) PEPEY EETTR) BEPEY EEETR) PEPEY SEEEE) BEEEY JEEPE BEee |
1030 1040 1050 1060 1070 1080

AACTGGGTGC CCGGAAATCA CGATCAATTG AGATTGGTGT CGAGATTTGG AGAGGAGAAG

SEEE] EEEEY EETTE) FEEEY BETEE) PEEE] EEPEE FEREY BEEER) BEEE] SEPPE) BEEE
1090 1100 1110 1120 1130 1140

GCCCGTATGA TCACCGCGAT GTCGCTTTTG CTGCCAGGTG TTGCCGTGAA TTACTACGGT

SEEEI EEEEY BETEE) FEEEY EEEET) PEEE] HECEE) FEREY BEPEE) BEEE] BEPEE) BEEE
1150 1160 1170 1180 1190 1200

GATGAAATTG GTATGTCGGA TACTTATATC TCGTGGGAGG ACACGCAGGA TCCACAGGGA

SEEEI EEEEY UETEE) FEEEY EETET) PEEEY SETEE) FEREY BEPPR) BEEE] EEREE) BREE
1210 1220 1230 1240 1250 1260

TGCGGTGCCG GCAAAGAAAA CTATCAAACG ATGTCGAGAG ATCCCGCGAG AACGCCATTC

SEEE] EEEEY NETEE) FEREY EETEE) PEEEY SETEE) FEREY EEEEE) BEEEY SEPEE) BERE
1270 1280 1290 1300 1310 1320

CAATGGGACG ACTCAGTTTC TGCTGGATTT TCCTCAAGCT CTGATACCTG GCTTCGTGTC

SRR EEEEY UETETS PEREY BEEET) PEEEY NECEES BREEY JE S UEEER BEE |
1330 1340 1350 1360 1370 1380

AACGAAAATT ACAAGACTAT CAATTTAGCT GCTGAAAAGA AGGACAAGAA CTCGTTCTTC

SRR EETEY EETER) PEPEY BEPPR) BEPES BEPTR) BEFEY SEEPE) BEEEY SRR BEP |
1390 1400 1410 1420 1430 1440

AATATGTTCA AGAAATTTGC AATGCTGAAA AAATCGCCAC ACTTTAAAGA GGCCAATTTA

SRR EEREY EECEE PR BEEER] EEREY BECER) EEPE EECETY EEEEY BEEEES BRrry
1450 1460 1470 1480 1490 1500

AATACGAGGA TGCTGAACGA CAGTGTTTTC GCATTCTCTA GGGAAACCGA AGAAAATGGA

SEREY FEREY BEEEE PR JEETR] EEEEY JECER) EEPE) BECEES EEEEY BEEETS BErry
1510 1520 1530 1540 1550 1560

TCTCTTTACG CAATATTGAA CTTCTCGAAC GAGGAACAAA TCGTGGACTT GAAAGCGTTT

SRR EETE) NETER) PEPEY EETTR) BEPEY EETTR) BEFEY SEEPE) BEEEY SRR BEe |
1570 1580 1590 1600 1610 1620

AATAACGTGC CGAAAAAATT GAATATGTTT TACACCATTT TTAACTCTGA TATAAAGTCC

SRR EETEY EEEER) PEPEY EETPR) BEPEY EETTR) PEPEY UEEEE) BEEEY JEEPE BEee |
1630 1640 1650 1660 1670 1680

ATCTCCAACA ATGAACAAAT AAAAGTTTCT GCTTTAGGAT TTTTGATCTT AATTTCTCAA

SEEE] EEEEY UETEE) FEEE] BETET) PEEE] EEPEE FERE] BETEE) BEEE] BEREE) BEEE
1690 1700 1710 1720 1730 1740

GATGCTAAAT TTGGAAATTT TTAATATCTC CCTGAATATG TCTATTCTTT GAAGCGGCGA

Figure 42. The cDNA sequence of alpha — glucosidase obtained by RT — PCR.

57



58

MKAVI VFCLM ALSI VDAAWK PLPENLKEDL | VYQVYPRSF KDSNGDG GD 50
| EG KEKLDH FLEMGVDMFW LSPI YPSPMW DFGYDI SNYT DVHPI FGTI S 100
DLDNLVNAAH EKGLKI | LDF VPNHTSDQHE WFQLSLKNI E PYNNYY! VHP 150
GKI VNGKRVP PTNW/GVFGG SAVWVBWREERQ AYYLHQFAPE QPDLNYYNPV 200
VLDDMONVLR FW.RRGLDGF RVDALPYI CE DVRFLDEPLS GETNDPNKTE 250
YTLKI YTHDI PETYNLVRKF RDVLDEFPQP KHMLI EAYTN LSMIMKYYDY 300
GADFPFNFAF | KNVSRDSNS SDFKKLVDNW MI'YMPPSG P NWPADHDQL 350
RLVSRFGEEK ARM TAMSLL LPGVAVNYYG DEI GVBDTYl SWEDTQDPQG 400
CGAGKENYQT MSRDPARTPF QADDSVSAG- SSSSNTW.RV NENYKTI NLA 450
AEKKDKNSFF NVFKKFAMLK KSPYFKEANL NTRMLNDSVF AFSRETEENG 500
SLYAI LNFSN EEQ VDLKAF NNVPKKLNMF YTI FNSDI KS | SNNEQ KVS 550
ALGFFLLI SQ DAKFGNF 567

Figure 43. The amino acid sequence of alpha — glucosidase deduced from the cDNA
sequence. The underline amino acid sequences were different from amino acid of AG in

A. mellifera recorded in Genbank.

3. Sequence homology and phylogenetic trees

The cDNA sequences alignment were compared with the sequences of AG in A.
mellifera (D79208), maltase 1 in A. mellifera (XM_393379), Drosophila melanogaster
CG1493 _ PA (NM_135678), sucrose specific enzyme |l of the PTS (ScrA) and dextran
glucosidase (dexB) genes in Lactobacillus sakei (AF401046), and Culicoides sonorensis
clone CsMAL1 maltase (AY603565). As shown in Fig. 44, the multiple alignments were
sequenced and compared for homology. The deduced amino acid sequences of AG

were aligned with other organism (Fig. 45). The consensus sequences are obtained.
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ATGAAGGCGA
ATTTAAAAAA
ATTTTGAGTG
ATGAAGAGCC
ACGTTAGGTG
*

SRR EET W R
60 70

GCAGCATGGA -AGCCGCTCC
GCAGCATGGA -AGCCGCTCC
GCA-CCTGAA -GGTGCACGT
AAA----GGA -GCTGGATGC
CCe-——————— —- GCCAAAAC
TTGTCTTAAC TGGCTTACAT

TAATCGTATT
TTAACA-ATT
TGGGCCTAGT
TCGTCGTGGT
CAGTCGGTAT

* *

SEREY EETEY EEREE) FE |
110 120

GTATCAGGTC TACCCGA---
GTATCAGGTC TACCCAA---
TTATCAAGTC TATCCAC---
CTATCAGATC TATCCGA---
CTATCAGGTA TATCCCC---
TTGGCAGATA TTGCCAAAAC

* ** * * **x

SRR EEEEY W B
160 170

ATTGGTGATA TCGAAGGTAT
ATTGGTGATA TCGAAGGTAT
GTTGGCGATT TGAAAGGAAT
ATTGGTGATC TTCAAGGTAT
ATCGGGGATT TAAAAGGTAT
GATGGCAAAT ATTGCTCAA

**x * *

SEREY EETEY BEREE) FRRY |
210 220

TGGGGGTCGA CATGTTTTGG
TGGGCGTCGA TATGTTTTGG
TCGGCATGGA TGGTGTTTGG
CGGGCATCAC GTCCGTATGG
CTGGAATAAC AGCGATATGG
CTAAGAATAA ACAACAAAAG

*

Figure 44. (continued)

TTGCCTT--A
TTACTATCAA
AGGCAT---A
CGTACTTCTG
GGGGATT-TT

ceeeled
80

CTGAAA-ACT

CTGAAA-ACT

GAAAAA-GAT

GAAATATAAT

AACAAG-GGT

CAAAGCTTCC
*

TGGCATTGTC
TTGCATGTTC
TTGGCCCATA
CT-CGCGGTC
TGGCCTGGGT

TGGTGGCAGC
TGGTGGAAGA

SRR EETEY
130

90
TGAAGGAGGA CTTGAT-CGT
TGAAGGAGGA CTTGAT-CGT
TGGTGGGAAA TTGGAAACTT

140

CATTGTGGAC
TGTATTGGCA
AGCACCAGTC
GGCCTTGGCG
TATTCAGCAA

ACGAGGTCTT
ACGCGATCTT

CGGCAATTGA AACGACACTT
*

* *

150

-GAAGCTTCA AGGATAGCAA TGGAGATGGT

-GAAGCTTCA AGGATAGCAA

TGGAGATGGT

-GAAGTTTCA TGGATTCTGA TGGCGATGGT
-GATCCTTTC AGGACAGCAA TGGTGATGGT
-GCAGTTTCA TGGATTCCAA TAGTGATGGC

TGGTGGATCG TTTATTTTTC

R B
180

TAAAGAAAAA TTGGATCAT-
TAAACAAAAA TTGGACCAT-
TTCAGAAAAA GTCGGTTAT-
TACTTCTAGG CTACAGTAC-
TAAGGATAAG CTTTCACAC-
GGGCTGCAAC TTTCGCTGTA

* *

ERRY EEPEY
230

TTATCCCCTA TTTATCCAAG
TTATCTCCTA TTTATCCAAG
CTTTCACCGA TTTTTGATTC
TTGAGTCCCA TTTATGAGTC
TTATCACCAA TTAATCGAAG
TCATTAACGA CTTCTGCTGG

* * * *

190

240

CCGTTGCAGC

200

TTTCTCGAAA
TTTCTCGAAA
TTAAAGGAAA
TTCAAGGATA
TTCATCGAAT
TTCTTCGTTA

*x *

250

CCCTATGGTC
TCCTATGGTC
ACCTATGGCA
ACCAATGGTA
TCCTATGGTA
GATTTCTGC-
*
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260 270
GATTTTGGTT ACGACATTTC
GATTTTGGTT ATGACATTTC
GATTTTGGTT ATGACATTTC
GACTTTGGAT ACGATATATC
GATTTTGGAT ACGATATATC
GATGTTGGGA ATTACTGAAC

*

**x *kxXx * *

280 290
GAATTACACC GACGTTCATC
GAATTACACC GATGTTCATC
AAATTTCACC AAAGTCTTCC
TAACTATACA AATATACAGC
TGACTTTAAA GATGTAGATC
CAGCATTATT TGGGGTTAAT

*

R EEErY BT PR SR EEREY ST B
310 320 330 340

CACCATATCA GACTTAGATA ATCTAGTCAG TGCTGCACAT

CACCTTATCA GACTTAGATA ACTTAGTTAA TGCTGCACAT

AGACTTGTCT TCAATTGATG AACTTGTAGC GGAATTCAAT

CACCCTTGAG GACTTTGACG CCTTGATAGC CAAGGCCAAT

TACTATAAAA GATCTTGAAG ATCTCACTGC AGAAGCGAAG

AGTTTC--CA TTCTTTATTG GTTTAATTGC ATCAGGAATC
* *

SERRY EETEY JEREE) PRy |
360 370

TGA--AGATA ATCTTGGATT
TGA--AGATA ATCTTGGATT
TGA--AACTC ATTCTGGACT
TGA--AAGTT ATTTTGGACT
TAA--AGGTT ATTCTAGATC
TTATTGGTTT ATTACATGTT

* * * **

SEREY EETEY UEEET) FRry |
380 390

TCGTCCCGAA TCATACATCT
TCGTTCCGAA TCATACATCT
TTGTTCCAAA TCATACAAGT
TTGTTCCCAA TCACAGCTCA
TTGTCCCTAA TCATACTTCT
TTATCAGTAT CAATGGGACC

* * * *

410 420 430 440
AATGG-TTCC AG-———-———- —-— TTGAGTTT GA-———- AAA
AATGG-TTCC AG-———-———- —-— CTGAGTTT GA--———- AAA
AGTGG-TTCA AAA-—————- AATCAATTCA GC----- GTG
CCTGG-TTCA TAA--————- AGTCAGTAGC CC----- GAG

AATGG-TTCC AAATGAGTAT AAATAATACT AATAATAATA
ATTGGGTTTA TTGCGATTGC ACCTAAGAGC ATCCCTAGTT

**k*k XXk

S EEr T PR R EEEE B B
460 470 480 490

CCTTATAACA ACTATTACAT TTGGC---AT CCAGGAAA--
CCTTATAACA ACTATTATAT TTGGC---AT CCAGGAAA--
---TACAATG ATTACTATAT TTGGC---AT CCGGGTAAGC
---TACGAGG ATTTCTATGT GTGGG---AG GATGGTATT-
AAATATAAAG ATTATTACAT ATGGGTTGAT CCTGTCAAAG
AGCTATTATT AGTTTCGTAA TTGCCTTTGT GGGGACATAC

** * * * **x * *

Figure 44. (continued)

EREY EEPRY
510

EREY PEPEY
520

SRR PRy
530

SRR EEPEY
540

300
CCATATTTGG
CCATATTTGG
CTCAATTCGG
CGGAATATGG
CAATATTTGG
TTAAAATTGA

* *

TR B
350

GAGAAAGGAT
GAGAAGGGAC
AAAAAAGATA
GAACTGGGCG
AAACAGAATT
TCATCGTTTA

SRR PRy
400

GATCAACACG
GATCAACATG
GACCAATGTG
AATAAGCATC
GATCAACATA
TGCAGGAATT

ceeelad
450

—--ACATTGAA

—--ACATTGAA

--ATCCTGAG

--AGCCAGGG

--ATACTAAT

TTATGATGGG
*

TR B
500

--AATTGTAA
--AATTGTAA
CAAATCCTGA
--CTCCTGGA
ACGATAAAGG
TTATACGGTA

SRR PRy
550
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--AT---GGC AAACGTGTTC CACCAACTAA TTGGGTAGGC

--AT---GGT AAACGTGTTC CACCAACTAA TTGGGTAGGC

TGGT---GGT CGAAATTTAC CCCCAACTAA TTGGGTAAGT

GAAC---GGA ACTCGTGTGC CGCCCAACAA TTGGCTGTCG

AAATCCAATT AAAGACAAAT ATCCTAATAA TTGGCTTAGT

AAAAGGCAAT GAAGACAACT GAAGAAGAAA TAATCAATGA
*

* **

ceeelaad
560

GATCAGCTTG
GATCAGCTTG
GTAGTGCCTG
GATCCGCTTG
GTACAGGATG
ACCCCAGA-A

ceeelaad
570

GTCGTGGCGG
GTCATGGCGA
GGAATGGAAC
GATGTGGAAC
GACTTTCCAC
GTAGTGGAGA

* *

SEEEY BRI B
580 590

GAAGAACGAC AGGCATATTA
GAAGAACGAC AGGCATATTA
GAAGAACGTG GCGAATATTA
GATGAGAGGC AGCAGTACTA
GAGGGTAGGA AACAATTTTA
GATTACAAGA TGAAAAGATT

*x

R EEEY BRI PR SR EEEEY BT B
610 620 630 640

TTTGCACCAG AACAACCAGA TCTAAATTAC TA--TAATCC
TTTGCACCAG AACAACCAGA TCTAAATTAC TA--TAATCC
TTTTTGGCAC AACAACCCGA TTTGAATTAC CG--CAATCC
TTCACTTATG GACAACCCGA TTTGAACTAC CG--AAATCC
TTTTATAAGC AACAACCAGA CTTGAACTAC AG--AAACTC
TTACCGGACG AATTGTTGAC TTAGCATCAG TACCTGATCC

** * * * * *

ceeelaad
660

SRR EEEEY EEEER B SR B
670 680 690

GTGTTTGGTG
GTATTTGGTG
GCCTTCAGAA
GTGTTCTCCG
GTATTCAATG
AGCACCAGCT

600

TCTGCATCAA
TCTGCATCAA
TTTACATCAA
TCTCAGGCAG
TTTCCATCAA
AGTGCACCAG

* **x

650

AGTT---GTA
AGTT---GTA
AAAA---GTG
CGCC---GTG
GGAT---GTG
AGTTTTTGCA
*

700

CTGGATGATA
CTAGATGATA
GTTGAAACAA
ATTAAGGCCA
AGAGAAGAGA

TGC-AAAATG TTCTCAGATT CTGGC--TGA GAAGGGGATT
TGC-AAAACG TTCTCAGATT CTGGC--TGA GAAGAGGACT
TGA-AAAACG TTTTAAGATT CTGGC--TTA GCAAAGGTAT
TGG-ATGATG TGATGCTCTT CTGGC--TAA ACAAGGGTAT
TGA-AGAATA TAATGAAATT TTGGT--TGG ATAAAGGAAT

AGTGAAGCAA

* *

TGGGAAAAGG

*x * *

SRR EETE T R
710 720

TGATGGTTTC AGAGTAGATG

CGATGGTTTC AGAGTAGATG

CAATGGATTC AGAATTGATG

TGCCGGCTTC CGCATCGATG

CGATGGATTC CGCATAGATG

ACTTGCACCA GTTACCGGTG
*

* **x

Figure 44. (continued)

Am.AG.nuc

A D
760 770

-ATTCTTAGA CGAACCTCTA

CATTGCGATT ATGCCAACTT CTCAGGATGT

*x *x * *

SEEE BRI PR
730 740

CTCTGCCTTA CATTTGCGAA GACATGCG--

CTTTGCCTTA CATTTGCGAG GACATGCG--

CGGTACCATA TTTGTTTGAA GTGGGACC--

CCATTATATA TATTTACGAG GATGCTCA--

CTGTACCACA TTTATTCGAA AGCGCTAACA

TGATAACAAT TGCGGCTAAT ACTGGTCACG
* *

SR EETE JETErl PEE IR R
780 790

TCAGGT--GA AACAAATGAT CCCAATAAAA

750

800

61



AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC_AG
Cs.Maltase
Dm.CG.nuc
Am._maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC_AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am_AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

-ATTCTTAGA CGAACCCCTA TCTGGT--GA AACAAATGAT CCCAATAAAA
-AGATGCGAA TGGAAATTAT CCAGAT--GA AATTGA-AAC CCATGCATGC
-ACTGAGGGA TGAGCCTCCG AGTGGC--AC TACCGATGAT CCAAATAA--
TATCGTTAGA TGAACCACCT TTGGGT--AA AAATCTCAAC TTAAGTCT--
CATACGGGAT AAAATCGGAT GATGGTGCAG AAGTGCTAAT TCATATTGGT
* * * *

810 820 830 840 850
CCGAGTACAC T--CTCAAGA TC---—---= ———--- TACA CTCACGATAT
CCGAGTACAC T--CTCAAGA TC---—---= ———-—- TACA CTCACGATAT
TCAGATCCTT TATCTCAATG TTACTTGTAT CACGATTACA CTCAAAACAG
TGAGGCCTAC TTGAGCCACA TC---—---= ———--- TATA CCAGAAATCA
CCACGCTTCT TTAAATCACA CT---—---= ———-—- TTAA CGAAAGATCA
TTAGATACAG TTAATTTAAA TGGT------ —ATAGGTTTT GAAAAGATTG

* * * *
SRR EETEY SERER) EEREY JEEEE) EEERY UREER EEREY SETREY EEPEY
860 870 880 890 900

CCC--AGAAA CCTACAATGT AGTTCGCA--

CCC--AGAAA CCTACAATAT AGTTCGCA--

GCC--TGAAA CTTTTGAAAT GGTCACGG--

GCC--TGAGG ATTACGGTCT ACTTCAGC--

ACC--CGAGA CTTACGAATT GGTAAAAG--

TCCAACAGGG ACAACATGTT AGCGAAGGCG
*

AATTTAGAGA TGTGTTAGAC
AATTTAGAGA TGTGTTAGAC
AATGGAGAGC GACTTTGGAG
ATTGGCGGCA ACTTCTGGAT
AATGGCGAGA TTTTGTGGAC
ATTTATTAGG TCATTTTGAT

**x * * * **x
ERR] PETEY BEREE) FEREY UEEEE) EERRY UREER PRREY EEPRE PPy
910 920 930 940 950
GAATTCCCGC AACCAAA--- —-————- ACA CATGCTT--- -—--- ATCGA
GAATTCCCGC AACCAAA--- —-——-—- ACA CATGCTT--- -——-- ATCGA

GAATTTAAAC AAAAGAATGG AGGACCAACA AGAGTTTTAA TG---GTAGA
AATTATACAG CTAACCACGA TGGGCCATTG AGGATAATGA TG---ACCGA
AACTATGCAG AAGAAAATAA GCGGGATGAA ATAGTACTTT TG---ACAGA
ATTGATAAGA TTAAACAAGC CGGGCTAACA CCGCTAACAA TGACTATTGT

SRR EETEY UERTES EEREY JEEEEY EEEEY UEEEEY FREEY
960 970 980 990 100

GGCATACACG AA----TTTA TCGATGACGA TGAAATATTA CGATTA----
GGCATACACG AA----TTTA TCGATGACGA TGAAATATTA CGATTA----
AGCTTATGCT CC----ATTA ACAAAAGTAA TTCAAATTTA TGGTCAAAAT
GGGTTATGCT TC----GGTG TCGCAACTAA TGGAATACTA TGAAGATTCG
GGCGTATTCT TC----TTTA GAGAACACTC TCAAATATTA CGAAGT----

Figure 44. (continued)

Am.AG.nuc

GACGAATACA GCGGGATATG CACAAGTTGA TCCGCTTTTA ACAGTCGACA
* * * * *x
SRl EEEEY UEEER) EEREY UEEEE) EEREY SEEER FREEY BEEEEY BEep
1010 1020 1030 1040 105

-CGGAGCAGA TTTTCCCTTC AATTTTGCAT TCATCAAGA-
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Am.AG.nuc
AC_AG
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Am._maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC_AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
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Clustal Co
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Clustal Co

-CGGAGCAGA TTTTCCCTTT AATTTTGCAT
GGACAGCTAA ATGGAGCTCA AATTCCATTT AATTTCGAGT
AATGGTGTAC AGGGCCCCCA GTTTCCCTTC AACTTTGACT
-TGGTTCAAA TGTTCCCTTC AATTTTAAAT
AGGCTGCTAT GCAAGGCGAA GAAATTATTC AATTACACGC

* * *x **x *

SRR EEEEY EETT PR N B ST B
1060 1070 1080

-ATGTTTCTA GGGATTCAAA TTCATCAGAC TTCAAAAAA-
-ATGTCTCTA AGGATTCAAA TTCATCAGAC TTCAAGAAA-
-ATTTGGGAG CCGTAAGTAA TGCTCGTGAT TTCAAAGAC-
-AACTGAATG CCAATTCGAC AGCTGCGGAC TTTGTCTTC-
-ATGCAAATT CATCTTCCAC GCCAGAACAA TTTAAAGTA-

1090

TAAGGGGTAG TTACATGCAA
* *

SRR EEEEY T B
1110

TAATTGGATG ACGTACATGC
TAATTGGATG ATATACATGC
CAATTATCTC AGCACAATCC
CAGGTGGCTC ATCTATATGC
CAATTGGATA AAAGGAACGC
CAAGTCTATC CAAGAAGT-T

* * *

SRR EEEEY BT B
1160

GAAATCACGA TC—--———--
GAAATCACGA TC——--——--
GAAATCACGA TC———————-
GAAATCACGA CA———————-
GAAACCATGA TC-—-————-
ATATTCAAGG TATTATTCAA

* **x X

SRR EEEEY TR PR
1210

AGAAGGCCCG TATGATCACC
AGAAGGCCCG TATGATCACC
AAAAAGCTGA TGCAGTTAAT
AATCTGTGGA CGCCATGAAT
GGGCGGATCA CATGATAA--
AATGCAATTT GGCTATCACC

* *

Figure 44. (continued)

Am.AG.nuc
AC_AG

SRR EEEEY T B
1260

1120

1170

1220

1270

ACTAACTGGT GGCAAAATGC

el EEEEY T B
1130

CACCAAGTGG TATTCCTAAC
CAGCAGATGG TATTCCTAAC
CAGAAGGAGC AACACCAAAT
CACATGGTCA TGTGGCCAAC
CCCAAAATAA TGTTCCAAAT
TTCAAGATAG TAATGGAGAT

*

ol EEEEY BT B
1180

AATTGAGATT GGTGTCGAGA
AATTGAGATT GGTGTCGAGA
AACATCGATC AGCATCACGA
ATCCTCGAGT GGCATCACGA
GAGTTCGTGT CGGTACACGT
AGATTAGATT ACCTAGCTGA

*

Ol EEEEY UEETE PR
1230

ACGATGTCGC TTTTGC--TG
GCGATGTCGC TTTTGC--TG
ATGTTACTTC AAGTTC--TT
ATGCTGCTGA TGACAT--TG
~TGTTGGAGA TGATTT--TG
AGTTTATCAA TCCCCTAATG

* *

ol EEEEY T B
1280

1140

1190

1240

1290

TCATCAAGA-
TCTTGAATA-
TCATCACCG-
TTATAACAG-
TAAAAAGGAT
*

*

--TTGGTCGA

--TTGGTCGA

--GTAATTGA

--TATATCTC

--ATTATAGA

AGTATTTTAT
*

TGGGTGCCCG
TGGGTGCCCG
TGGGTTCAAG
TGGGTGATGG
TGGGTGATGG
GGAATTGGTG

* * *

TTTGGAGAGG
TTTGGAGAGG
CTCGGTCCAC
TTCGGTGAGA
TATCCTGGTA
TCTGGGTGTA

CCAGGTGTTG
CCAGGTGTTG
CCCGGAGCTG
CCAGGAATTG
CCTGGAGTCG
TTGATAATGG

*

CCGTGAATTA CTA--CGGTG ATGAAATTGG TATGTCGGAT ---ACTTATA
CCGTGAATTA CTA--CGGTG ATGAAATTGG TATGTCGGAT ---ACTTATA
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Dm.CG.nuc

Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC_AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am_AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC_.AG
Cs.Maltase
Dm.CG.nuc
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Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

CAGTCACTTA TTA--TGGTG AAGAACTTGC AATGGAAGAC
GTATTACTTA TAA--TGGCG AGGAGTTGGG CATGACTGAC
CGGTCACGTA TTA--TGGAG AAGAAATCGG TATGGTGGAT
CTATGATATT TCAGATTATC AGGCAATTAA TCCGGAATAT

* * % * * * * * *

S EEEY BT PR S EEEE BT B
1310 1320 1330

TC-TCGTGGG AGGATACGCA GGATCCGCAG GGATGCGGCG
TC-TCGTGGG AGGACACGCA GGATCCACAG GGATGCGGTG
TT-CCATGGT CTCGTACTGT CGATCCACAA GCATGTACAA
TC-AGCTGGA GCGATACGGT GGATCAGCCC GCTTGTGAGG
————————— A ACACTACGAT ATATAAATAT G-ATGTACG-
TGGATATGGA GCAGTTAATT GAAGCGGCGA AGATTCGTAA

SRR EEEEY UETTR PR TR B ST B
1360 1370 1380

AAACTATCAA ACGATGTCGA GAGATCCCGC GAGA---ACG

AAACTATCAA ACGATGTCGA GAGATCCCGC GAGA---ACG

TATTTTCCAT GCCAAGTCAC GTGATCCCGC AAGA---ACA

CAACTACAAG ACGATTTCTA GAGATCCTGA GCGA---ACT

TGGTTGTCGT ACACCATTCC AA----- TGG GATA---ACT

TTGTTATGGA CTTAGTTGTT AATCATACAA GTGACCAACA
* *

* *x

R EEEY EETE PR SN EEEE BT B
1410 1420 1430

GGGACGACTC AGTTTCTGCT GGATTTTCCT CAA-GCTCTA
GGGACGACTC AGTTTCTGCT GGATTTTCCT CAA-GCTCTG
GGACTTCACA AAAAAACGCA GGATTTT--- CAA-GTTCAA
GGAGTAGTGA TGTGAATGCA GGATTCTCCT C----CGCCG
AGGCTTTAGT AAAATCGCTG AAAATTT-——- ———- GCTTGA
TTAGAAGCAC GAAAATCAAA AGATAATCCG TATCGTGATT

* *

SRR EEEEY EETTR PR R PR BT B
1460 1470 1480

GCTT--CGTG TCAACGAAAA TTACAAGACT G-TCAATCT-
GCTT--CGTG TCAACGAAAA TTACAAGACT A-TCAATTT-
GCTT--CCAA CTGGACCAGA TTATCGCAAA A-ATAATGTT
GTTG--CCTG TCAATCCGAA TTATAAGGAA C-TTAATCTT
GCTA--CCTG TTCATACATC GTACAAAAGT GGACTAAATT
GCGAGACCCT GCAACCGATG GTAGTGTTCC GAATGATTTA

**x * *

Figure 44. (continued)

Am.AG.nuc
AC_AG
Cs.Maltase

R EErY EETT PR I EEEE BT B
1510 1520 1530

1340

1390

1440

1490

1540

~--GTTTTCG
TACAGGGACA

GGTTCTATGG

CCGGTAAAGA
CCGGCAAAGA
CAGATCCAAA
CTGGAATCGA
——————— TGA
--GATTAAAA

CCATTCCAAT
CCATTCCAAT
CCCATGATTT
CCCATGCAAT
CCATTAATGC
TCCATGGTTT

* *

AT---ACCTG
AT---ACCTG
ATTACACATG
ATCGCACTTG
AAAG-AATTG
TTTATATTTG

* *x

-AGCTGCTGA
-AGCTGCTGA
GAAGTGCAGC
CGGAATCAGC
TGGAGCAAGA
CAAAGTAATT

AAAGAAGGAC AA---GAACT CGTTCTTCAA TATGTTCAAG AAATTTGCGT
AAAGAAGGAC AA---GAACT CGTTCTTCAA TATGTTCAAG AAATTTGCAA
GTAGTCAGAG AG---GCAGT CA--CTTGAA TATCTTTAAA AAGTTGACTC

1350

1400

1450

1500
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Am.AG.nuc
AC.AG
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AGCAGGCGAG GC---GAAGT CA--TTACAA GATCTATCAG TCCCTTCTGA

GAAAAAAGAT AG---TATTT CTCATTATCA TCTTTATACC AACTTGACCG

TTAAAGGATC AGCTTGGGCG TTTGATGCGG TTACTGGGCA ATATTATTTA
* * *

1560

CGCT-————-
TGCT--———
AACT--———-
AGCT-—----
CTTT-————-

el EEEEY JEEE B
1570

-GAAAAAATC GCCATACTTT
-GAAAAAATC GCCACACTTT
-TCGTAAG-C AAGACATTTT
-CAGACAACT GCCA-GTTCT
-AAGAAAG-A GAGATGTGTT

1580

Sl EEEEY T B
1590

AAAG-AGGCC AATTTAAA--
AAAG-AGGCC AATTTAAA--
GATGTATGGC ACTTATGA--
GAAGAACGGA TCCTTTGT--
GAAAAAAGGA AACTTTAC--

CATTTTTATG CGAAAGAACA ACCGGATTTA AATTGGCAAA ATCCTAAAGT
* * *

1610

TACGAGGATG
TACGAGGATG
TAGTTACTTG
TCCAGAAGTG
TATAGAAATT
TAGAGAAGCT
*

1660

-------- AA
-------- AA
-------- AG
-------- AG
-------- AG
GTGGTTTTAG

*

1710

AGGAACAAAT
AGGAACAAAT
CTGAACAAGT
GCACTGAACT
ATAATACTAT
GCAAAATTAA

Figure 44. (continued)

Am_AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc

1760

CRE] EEEEY UETET) FRRE |
1620

CTGAAC--GA CAATGTTTTC

CTGAAC--GA CAGTGTTTTC

GCAAAT--GA TGACGTTTTG

GTTAAT--CG CAGGGTCTTC

TTAAAC--AA AACTGTTCTG

GTCTACCAGA TGATGACTTG
*

* *

el EEEEY W B
1670

GATAATGGAT CTCTTTACGC

GAAAATGGAT CTCTTTACGC

AATAATCGAA CTTTGATTGC

AACGAGCACA CTCTGCTGAC

AAGAAGCGGT ATCTCTTT--

GATGGACGTT ATTGATTTG-
*

*

CREl EEEE BETEE) FRRE |
1720

1630

CRE] EEEEY UEREE) FRR |
1640

GCATTCTCTA GG-GAAACCG
GCATTCTCTA GG-GAAACCG
GTGATTAAAC GT-GAAATTG
GCTTTCAAGC GA-GAACTGA
GCTGTCGTGC GACAAAGCGA
GTGGCTTCAA AAAGGGATTG

1600

1650

1680

1730

*

AATATTGAAC
AATATTGAAC
TGTCCTTAAC
CATTGTGAAC
--TGATCAAC
-ATAGGGAAG

* *x

1690

1740

TTCTCGAACG
TTCTCGAACG
TTGGGTTTCA
GTGAGCAACC
TTCTCTAAAA
GAACCTGACC

CGTGGATTTG AAAGCGTT-C AATAACGTGC CGAAA---—--
CGTGGACTTG AAAGCGTT-T AATAACGTGC CGAAA----—-
CGTCAATTTG AATTTAAA-T GACCGAGATT GGAAAGTTCC
GGTTGACATC GCGGACTT-T ATAGAACAGC CCAATCGATT
CGTGGATATA TCAAAGTT-G GTGAACAAAA GAAAT--—--
GGAAAACGGA CCGCAATTAC ATGCGTATCT TCAAGAGATG

* *

Ol EEEEY HETEE B
1770

1780

1790

*x

AAATTGAATA TG-TTTTACA ACAATTT--- -TAACT-CTG ATAT----—- A
AAATTGAATA TG-TTTTACA CCATTTT--- -TAACT-CTG ATAT----- A
AGAGAGAATG GA-AGTTGCA ACAGCTTCAG TTAACG-CAG GAATGTTCGA
GAGTGTCCTT GT-GGCGGGA GTGGACTCG- -CAACA-CCG G-GTGGGGGA

1700



Am.maltasel AATGCTAAAA TT-TACACAA GCAGCGT--- -AAACT-CCA ATTTGACAGT
Ls.ScrA.nu AACGCAAGGG TACTTTCACA GTATGATGTA GTAACGGTTG GAGAGACATG
Clustal Co * * Fkk
S [ T [Fpn G DR [ T R
1810 1820 1830 1840 1850
Am.AG.nuc AAGTCCATCT CCAACAATGA AC-AAGTAAA AGTTTCTGCT ------ TTAG
AC.AG AAGTCCATCT CCAACAATGA AC-AAATAAA AGTTTCTGCT ------ TTAG
Cs.Maltase GAGACAACCC GTTGTGACAA GTGAAGTCTA CGTATCAGCT GG--CGTTGG
Dm.CG.nuc TCGACTTAAG GCCGAGACAA TT-GAATTGG CGCCCAACGA GG--GATTAG
Am.maltasel AAATCAAACT GTAAATCCAG TGGCTATCAA TATTCCTGGA GATACATCTA
Ls.ScrA.nu GGGGGCAACA CCCGAAATTG GCCAGATGTA CAGTAATCCT AATCGCCACG
Clustal Co *
MR I gy R T I ey [RpRNDN [ RpR
1860 1870 1880 1890 1900
Am_AG.nuc GATTTTTCAT C-TTAATTTC TCAAGATG-- CTAAATTT-- ————————- G
AC_.AG GATTTTTGAT C-TTAATTTC TCAAGATG-- CTAAATTT-- ————————- G
Cs.Maltase AGTTGTTCTC G-ATTATCAA GTAGGGCG-- TCAAATTCCC GAACCAAGAG
Dm.CG.nuc —--TTATTCAG C-TGAATAAG CGAAAGTA-- A-———————— ——

TAATTGTAGA T-TCATCCAC TTCAGGCG--
AACTATCGAT GATCTTTCAA TTTGAACAAA
*

CTACTATAGT CAATTATTCA
TTAATTTAGA TAAACAATCA

Am.maltasel
Ls.ScrA.nu

Clustal Co
S [ T [pn G DR R T R R
1910 1920 1930 1940 1950
Am_.AG.nuc GAAACTTTTA ATTTCTTCCT GAATATGTC- TATTCTTTGA AGCGGCGA..
AC.AG GAAATTTTTA ATATCTCCCT GAATATGTC- TATTCTTTGA AGCGGCGA..
Cs.Maltase GTGACGATCC AGGACTATAC GAATAAGAAA TATTCCTCAA ATCTTTGA..
Dm.CG.nuc  --—-——————— ——

ATCATGATTT TCTTATCCGC AGTGTTCATA TCTTTTTTCC AACGGTAA::
GGGATGACTC GCTGGGATTT AAAACCACTT ATTCCAGCAG AGTTACAT..

Am.maltasel
Ls.ScrA.nu
Clustal Co

Figure 44. The multiple alignment of the nucleotide sequences of AG in A. cerana and

that in other organisms. “*’ Residues in that column are identical in all sequences in the

alignment.
SRR EEERY R PEEEY EFTTN PEEEY SRR EERES BT R
10 20 30 40 50
A_.Cc.AG MKATIVFCLM ALSIVDAAWK PLPEN----L KEDLIVYQVY PRSFKDSNGD
A_m_AG MKAVIVFCLM ALSIVDAAWK PLPEN----L KEDLIVYQVY PRSFKDSNGD
Cs. FKKLTILLSI ACSVLAAPEG AREKD----W WEIGNFYQVY PRSFMDSDGD
Dm. VKIAFILSVG LVGILAHKHQ SKELDAKYNW WQHEVFYQIY PRSFQDSNGD
A_m.maltas MKSLVVVVLL LAVGLGAGQN --NKG----W WKNAIFYQVY PRSFMDSNSD
Ls. -FVPLIPALT AGGLLMAINN VLTGQG---L FGAQSIVQMF P-—-——————-



A.c.AG
A_m_AG

Cs.

Dm.
A.m.maltas
Ls.

A.c.AG
A.m.AG

Cs.

Dm.
A.m.maltas
Ls.

A.c.AG
A.m.AG

Cs.

Dm.
A.m.maltas
Ls.

A.c.AG
A.m.AG

Cs.

Dm.
A.m.maltas
Ls.

ceeelead
60

GIGDIEGIKQ
GIGDIEGIKE
GVGDLKGISE
GIGDLQGITS
GIGDLKGIKD
———QWKGFAE

ceeelald
70

KLDHFLEMGV
KLDHFLEMGV
KVGYLKEIGM
RLQYFKDTGI
KLSHFIESGI
1VNMMSSAPF

TFLP-————-

SRR EETEY S B
110 120

GTLSDLDNLV NAAHEKGLKI
GTISDLDNLV SAAHEKGLKI
GDLSSIDELV AEFNKKDMKL ILDFVPNHTS
GTLEDFDALI AKANELGVKV ILDFVPNHSS
GTIKDLEDLT AEAKKQNLKV ILDLVPNHTS
GAAAGMMLVM PNLVN-GYGV AESIATGHMT

ILDFVPNHTS
ILDFVPNHTS

160 170
YNNYYIWHPG -KIVNGKR-- -VPPTNWVGV
YNNYYIWHPG -KIVNGKR-- -VPPTNWVGV
YNDYY IWHPG KPNPDGGRN- -LPPTNWVSA
YEDFYVWEDG ILLENGTR--
YKDYY IWVDP VKDDKGNP IK
YQGQVIPVIG VAFILANLE-

DKYPNNWLSV
-KFFHKHLND

ceeelaad
220

NPVVLDDMON
NPVVLDDMQN
NPKVVETMKN
NPAVIKAMDD
NSDVREEMKN
SNGVTDSLVW

210
APEQPDLNYY
APEQPDLNYY
LAQQPDLNYR
TYGQPDLNYR
YKQQPDLNYR
TLVGPALRIV

VLRFWLRRGL
VLRFWLRRGF
VLRFWLSKGI
VMLFWLNKGI
IMKFWLDKGI
AYQTLGAVGM

Figure 45. (continued)

A.c.AG
A.m.AG

Cs.

Dm.
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SRR B
270

260

80
DMFWLSPIYP SPMVDFGYDI
DMFWLSPIYP SPMVDFGYDI
DGVWLSPIFD SPMADFGYDI
TSVWLSP1YE SPMVDFGYDI
TAIWLSPINR SPMVDFGYDI

130

180

-VPPNNWLSV FSGSAWMWND

230

280
RFLDEPLSGE TNDPNKTEYT LKIYTHDIPE TYNIVRKFRD VLDEFPQ---
RFLDEPLSGE TNDPNKTEYT LKIYTHDIPE TYNVVRKFRD VLDEFPQ---
NYPDEIETHA CSDPLSQCYL YHDYTQNRPE TFEMVTEWRA TLEEFKQKNG
QLRDEPPSGT TDDPNNEAYL SHIYTRNQPE DYGLLQHWRQ LLDNYTANHD
ISLDEPPLGK NLNLSLHASL NHTLTKDQPE TYELVKEWRD FVDNYAEENK

ceeelead
90

SNYTDVHPIF
SNYTDVHPIF
SNFTKVFPQF
SNYTNIQPEY
SDFKDVDPIF

-——1LTAFSA TKRFGGNPYL

SRR B
140

DQHEWFQLSL K----- NIEP
DQHEWFQLSL K----- NIEP
DQCEWFKKSI Q----- RDPE
NKHPWFIKSV A----- REPG
DQHKWFQMST NNTNNNNTNK
—==YWHVFGL N----1AQAG

SRR PRy
190

FGGSAWSWRE
FGGSAWSWRE
FRSSAWEWNE

ERQAYYLHQF
ERQAYYLHQF
ERGEYYLHQF
ERQQYYLRQF
GRKQFYFHQF
SIIITGFLTF

FNGTGWTFHE
AVDFTFTPML

SRR PR
240

DGFRVDALPY ICED----- M
DGFRVDALPY I1CED----- M
NGFRIDAVPY LFEVGPDANG
AGFRIDAITY
DGFRIDAVPH LFES----AN
GIFGLGYSAI VLTG-——---

ceeelaad
290

100

150

IYED-——-- A

67

200

300



Ls.

A.c.AG
A.m.AG

Cs.

Dm.
A.m.maltas
Ls.

A.c.AG
A.m.AG

Cs.

Dm.
A.m.maltas
Ls.

A.c.AG
A_m._AG

Cs.

Dm.
A.m.maltas
Ls.

A.c.AG
A.m.AG

Cs.

Dm.
A.m.maltas
Ls.

-LHQSFPAIE TTLLADIAKT GGSFIFPVAA MANITAQGAAT FAVFFVTKNK

310 320 330 340 350
-—PKHMLIEA YTNLSMTMKY YD----- YGA DFPFNFAFIK NVSKDSNSSD
——PKHMLIEA YTNLSMTMKY YD---—-—- YGA DFPFNFAFIK NVSRDSNSSD

GPTRVLMVEA YAPLTKVIQI YGQNGQLNGA QIPFNFEFLN NLGAVSNARD
GPLRIMMTEG YASVSQLMEY YEDSNGVQGP QFPFNFDFIT ELNANSTAAD

RDEIVLLTEA YSSLENTLKY YE----- VGS NVPFNFKFIT DANSSSTPEQ

QQKSLTTSAG ISAMLGITEP AL----- FGV NLKLKFPFFI GLIASGISSF

SRR EEEEY UEEEE) EEREY FEEEE) PEEEY SRR PEEEY JEEER PRREY
360 370 380 390 400

FKKLVDNWMI YMPADGIPNW VPGNHDQLRL VSRFGEEKAR MITAMSLLLP
FKKLVDNWMT YMPPSGIPNW VPGNHDQLRL VSRFGEEKAR MITTMSLLLP
FKDVIDNYLS TIPEGATPNW VQGNHDQHRS ASRLGPQKAD AVNMLLQVLP
FVEYISRWLI YMPHGHVANW VMGNHDNPRV ASRFGEKSVD AMNMLLMTLP
FKVIIDNWIK GTPQNNVPNW VMGNHDRVRV GTRY-PGRAD HMIMLEMILP
I1GLLHVLSV SMGPAGIIGF T1AIAPKS--- ———-—- IPSFM MGALTISFVIA

ceeelead
410

SRR EEEEY T PR IR EEE B B
420 430 440 450

GVAVNYYGDE
GVAVNYYGDE
GAAVTYYGEE
GIGITYNGEE

IGMSDT-YIS WEDTQDPQGC GAGKENYQTM SRDPARTPFQ
IGMSDT-YIS WEDTQDPQGC GAGKENYQTM SRDPARTPFQ
LAMEDV-FVP WSRTVDPQAC TTDPNIFHAK SRDPARTPMI
LGMTDYRDIS WSDTVDQPAC EAGIDNYKTI SRDPERTPMQ

GVAVTYYGEE
FVGTYLYGKK

IGMVDN-——— ————mmmmm TTIYKYD VRDGCRTPFQ
AMKTTEEEIT NEAPATPEVV ERLQDEKISA PVTG--RIVD

SERRY PRy
460

WDDSVSAGFS
WDDSVSAGFS
WTSQKNAGFS
WSSDVNAGFS
WDNS INAGFS
LASVPDPVFA

SERE EETE) EEETES EEETY BEEETY PR |
470 480 490

SSSD----- T WLRVNENYKT -INLAAEKKD
SSSN-——-- T WLRVNENYKT -VNLAAEKKD
SSNY-——-- T WLPTGPDYRK -NNVEVQRSQ
SADR-——-- T WLPVNPNYKE -LNLRNQQQA
KIAENLLEKN WLPVHTSYKS GLNLEQEKKD
SEAMG----K GIAIMPTSQD VLAPVTGVIT

SRR EETRY
500

KNSFFNMFKK
KNSFFNMFKK
RGSHLN I FKK
RRSHYKIYQS
SISHYHLYTN
IAANTGHAYG

Figure 45. (continued)
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Figure 45. The multiple alignments of amino acid sequences deduced from cDNA

sequence of AG in A. cerana and that in other organisms.

69

Aligned sequences were imported into a phylogenetic analysis program, PAUP

(version 4.0b). One tree was founded from each program when UPGMA and Neighbor -

joining programs were used for the analysis. As shown in Figs. 46 and 47, phylogenetic

trees from deduced amino acid were constructed. A pattern of genetic distance was

observed from both Figs. 46 and 47. The obtained trees from each program share

similar characters. AG amino acid sequence of A. cerana is mostly closed to AG amino

acid sequence of A. mellifera.
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Apis cerana AG

100
Apis mellifera AG
66
Culicoides sonorensis
maltase
54

Drosophila melanogaster

CG

Apis mellifera maltasel

Lactobacillus sakei
ScrA & DexB
Figure 46. Phylogenetic trees illustrating the genetic relationship among amino acid
sequences of various species by Neighbor - joining. Numbers above branches indicate
bootstrap support percentage over 50% in 1000 replicates. Amino acid sequences of AG

from A. mellifera maltase 1 and Lactobacillus sakei were used as outgroups.



71

— Apis cerana AG

L— Apis mellifera AG

Drosophila melanogaster
I CG

Culicoides sonorensis
maltase

Apis mellifera maltasel

Lactobacillus sakei
0.1 changes ScrA & DexB

Figure 47. UPGMA tree of the genetic relationship among amino acid sequences of

various species. Lactobacillus sakei was used as an outgroup.
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4. Denaturation and renaturation of AG
4.1. SDS - polyacrylamide gel electrophoresis of crude extract
Crude extract of hypopharyngeal glands (HPGs) and honey crops was
quantitated for protein by Bradford’s assay. Due to standard curve of BSA, higher protein

content (1.03 g/ g) was obtained from honey crops (table 7).

Table 7. Protein content in crude of HPGs and honey crop.

Protein source Amount (g/ g)
HPGs <0.33
Honey crop 1.03

Later, crude was separated by SDS — PAGE and stained by coomassie brilliant
blue (CBB). Different pattern of protein in crude extract was visible on SDS - PAGE as in
Fig. 48. Honey crop crude shows widely MW ranging from 10 to 225 kDa while HPGs

crude has two major proteins with approximate MW of 50 and 75 kDa.

Figure 48. SDS - PAGE of HPGs and honey crop.
Lane 1: crude extract of HPGs (50 pg)
Lane 2: Broad range protein marker

Lane 3: crude extract of honey crop (50 ug)
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Then, the CBB gel was renatured and stained for AG activity. Only single activity

band was appeared in both HPGs and honey crop (Fig.49).

I 1

Figure 49. Renaturation of AG from HPGs and honey crops. Arrows indicate two
major subunit bands.

Lane 1: crude of honey crop (50 ug; CBB gel)

Lane 2: crude of HPGs (50 ug; CBB gel)

Lane 3: protein marker

Lane 4: renatured crude of HPGs (50 uQ)

Lane 5: renatured crude of honey crops (50 ug)

5. Ammonium sulfate precipitation

Crude extract was slowly added by solid ammonium sulfate (AS) to be 0 - 30, 30
- 40, 40 - 50, 50 - 60, 60 - 70, 70 - 80, and 80 - 95% saturation, respectively. Later, the
suspension was dialyzed by dialysis bag at MWCO 3500. As shown in Fig. 50 and table
8, the specific activity of AG was high in unprecipitated suspension (0.87 u/ mg). Low

specific activity was assayed from suspension with low concentration of AS. The specific
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activity got increasing when the concentration of AS was increased. Saturation of AS

(95%) was used for purification since it provided the highest specific activity.

Table 8. Specific activity of AG after various AS saturation.

% Ammonium sulfate saturation

Specific activity (u/ mg)

Not precipitated 0.87
0-30 0.17
30-40 0.15
40-50 0.21
50-60 0.28
60-70 0.46
70-80 1.23
80-95 1.36

Specific activity (U/mg proteir

0 0-30  30-40

50-60 60-70 70-80 80-95

% Ammonium sulphate saturation

Figure 50. Specific activity of AG precipitated by a stepwise increase of AS

concentration.
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Precipitated crude was separated by SDS — PAGE. Less protein bands were
observed than in unprecipitated crude. Protein band of 100 kDa was observed in
unprecipitated crude only while protein band of 75 kDa was observed in all samples

(Fig.51).

Figure 51. SDS - PAGE of protein (50 ug/ lane) saturated by various concentrations of
AS.
Lane 1: Protein marker Lane 2: unprecipitated protein

Lane 3: 0 - 30% AS saturation Lane 4: 30 - 40% AS saturation

Lane 5: 40 - 50% AS saturation Lane 6: 50 - 60% AS saturation
Lane 7: 60 - 70% AS saturation Lane 8: 70 - 80% AS saturation
Lane 9: 80 - 95% AS saturation Lane 10: Protein marker

6. Purification of AG
6.1 lon Exchange Chromatography
Crude protein was applied to DEAE - cellulose column (1.6 x 17 cm) as
mentioned in Materials and Methods. After elution and AG assay, it showed that activity
in Peak | (fractions no. 2 - 12) was not bounded to DEAE - cellulose column. While being
eluted by gradient of 0 - 1 M NaCl, activity from Peak Il (fractions no. 28 - 33) was eluted
at 0.13 M NaCl (Fig. 52).
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Alpha-glucosidase activity (U/ml
OD. 280 nm
NaCl (M)

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76

Fraction number

—=oe— Alpha-glucosidase activity NaCl (M) —-a—- OD.280 nm

Figure 52. Purification of AG on DEAE - cellulose. Equilibrium, 30 mM sodium
phosphate buffer (pH 6.3); elution, 1 M NaCl; flow rate 60 ml/ h; fraction size 10 ml/

fraction.

Furthermore, active and unbound fractions (fractions no. 2 - 12) from DEAE -
cellulose column (20 ml) were subjected to CM - cellulose column (1.6 x 17 cm)
equilibrated by 20 mM sodium acetate buffer (pH 4.7). Bound materials were eluted by
a linear gradient of 0 to 1 M NaCl at flow rate of 0.5 ml/ min and maintained at 4°C. Two
main peaks of protein were eluted from CM - cellulose column but there was no activity

peak as shown in Fig. 53.
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Figure 53. Purification of AG on CM - cellulose. Equilibrium, 100 mM sodium acetate

buffer (pH 4.7); elution, 1 M NaCl; flow rate 30 ml/ h; fraction size 5 ml/ fraction.

6.2 Gel filtration chromatography
Unbound (peak ) and bound peaks (peak Il) from Fig.52 were
concentrated and injected onto a gel filtration column (Superdex 200). Considering Fig.
54, AG activity was eluted after the protein peak. Highest peak containing the specific
activity of 1.804 u/ mg was collected. The purification fold was calculated to be 2.59
(table 9). Due to Fig. 55, AG activity was discovered after the protein peak. The highest
peak (fractions no. 17 — 22) contained the specific activity of 1.032 u/ mg. Also, the

purification fold was 1.48 as shown in table 9.
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Alpha-glucosidase activity
(U/ml)
OD. 280 nm

1 4 710131619222528 313437404346 49525558061

Fraction number

—=o6— Alpha-glucosidase activity (U/ml) —-a—- OD. 280 nm

Figure 54. Pooled bound fractions containing AG activity were applied to gel filtration
Sephadex 200 column. Equilibration and elution, 30 mM sodium phosphate buffer (pH

6.3); flow rate 30 ml/ h; fraction size 5 ml/ fraction.
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w
!

Alpha-glucosidase activity
(U/ml)
OD. 280 nm

1 4 7 101316 1922 2528 31 34 37 40 43 46 49 52 55 58

Fraction number

——6— Alpha-glucosidase activity (U/ml) —-a—- OD. 280 nm

Figure 55. Pooled unbound fractions containing AG activity was applied to a gel filtration
Sephadex 200 column. Equilibration and elution, 30 mM sodium phosphate buffer (pH

6.3); flow rate 30 ml/ h; fraction size 5 ml/ fraction.
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Table 9. Summary of purification procedures of AG.

Total Specific
Total activity Yield Purification
Procedure protein b activity
. (unit) (%) (fold)
(mg) (unit/ mg)
Crude protein’ 5951.2 4145.2 0.696 100 1
95% sat. (NH,),SO, 1302 306 0.235 7.382 0.34
DEAE cellulose 137.5 298.5 2171 7.201 3.11
Superdex 200 (bound) 75.9 136.92 1.804 3.303 2.59
Superdex 200
93 96 1.032 2.315 1.48
(unbound)
CM cellulose (unbound) 77.7 12 0.154 0.289 0.22

“This was calculated on the basis of the fact that E'” 1om @t 280 nm.
bAlpha - glucosidase activity

“This corresponded to the amount of protein from 430 g of honey bees.

In order to avoid the loss of AG activity during AS precipitation, crude extract
(150 mg) was directly applied to DEAE - cellulose and CM - cellulose columns. The
result of purification was presented in Figs. 56 and 57.

Due to fig. 56, specific activity (0.757 u/ mg) in fractions no. 6 - 11 was
determined. The purification fold was 1.21. Also, in Fig. 19, specific activity (0.53 u/ mg) in
fractions no. 7 — 12 from CM - cellulose was observed but purification fold was 0.85. The

result was in table 10.
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Figure 56. Chromatography of AG on DEAE - cellulose. Equilibrium, 30 mM sodium
phosphate buffer (pH 6.3); elution, 1 M NaCl; flow rate 60 ml/ h; fraction size 10 ml/

fraction.
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Figure 57. Chromatography of AG on CM - cellulose.

Equilibrium, 20 mM sodium

acetate buffer (pH 4.7); elution, 1 M NaCl; flow rate 30 ml/ h; fraction size 5 ml/ fraction.

Table 10. Purification procedures of unprecipitated crude.

Total Total activity Specific Yield | Purification
Procedure protein (unit)b activity (%) (fold)
(mg)” (unit/mg)
Crude protein’ 1044 654.9 0.627 100 1
DEAE - cellulose 139.2 105.4 0.757 16.09 1.21
CM - cellulose
65 34.5 0.530 5.27 0.85
(unbound)

“This was calculated on the basis of the fact that E1%1Cm at 280 nm.
bAlpha - glucosidase activity

“This corresponded to the amount of protein from 100 g of honey bees.
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7. SDS - PAGE of purified AG

Purity of AG (from precipitated crude of 95% AS) was checked by SDS - PAGE
as shown in Figs. 58 (A), (B), and 60. The R, and mass weight (MW) was plotted (Figs.
59 and 61). The molecular mass of AG was preliminarily estimated to be 68 kDa.
Activity staining was performed in order to determine the AG (Figs. 62 and 63). After
SDS - PAGE, the first part of the gel was CBB stained. The copied gel was renatured in
Triton X - 100 and activity stained as mentioned in Materials and Methods. The activity

band of MW between 50 — 75 kDa was clearly visible.

(A) (B)
Figure 58. SDS - PAGE and CBB.

A:
Lane 1: broad range protein marker
Lane 2: crude protein (100 Wg)
Lane 3: 95% saturated (NH,),SO, precipitate (50 LLg)
Lane 4: pooled active fraction of DEAE - cellulose (30 Q)
B:

Lane 1: broad range protein marker

Lane 2: pooled active fractions of Superdex 200 (50 lLg)
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Figure 59. Relationship between Log and R, of standard MW of broad range protein

marker.



Figure 60. SDS - PAGE and CBB.
Lane 1: low molecular weight (LMW) marker

Lane 2: pooled active fractions of Superdex 200 (20 lLg)

55
5 e 97kDa
=
S 45 - AG 30 kDa
g 20.1 kDa
- ¢ 14.4 kDa
4 _
3-5 T T T T I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Rt

Figure 61. Relationship between Log and R: of low molecular weight (LMW). The LMW
standard containing phosphorylase b (97 kDa), bovine serum albumin (66 kDa),

ovalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa), and alpha
- lactalbumin (14.4 kDa).



(A) (B)

Figure 62. CBB (A) and activity stain (B) of SDS polyacrylamide (12.5%). An
arrow indicates an activity band of AG after renaturation.
Lane 1: broad range protein marker
Lane 2: pooled active fractions from Superdex 200 (10 LLg); bound peak
from DEAE - cellulose
Lane 3: pooled active fractions from Superdex 200 (50 LLg); unbound peak
from DEAE - cellulose
Lane 4: pooled active fractions from CM - cellulose (10 LLg); unbound peak
from DEAE - cellulose
Lane 5: pooled active fractions from DEAE - cellulose (120 Lg) from
unprecipitate

Lane 6: represents CM-cellulose (80 [Lg) from unprecipitate

86
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(A) (B)

Figure 63. CBB (A) and activity stain (B) of SDS polyacrylamide (10%). Arrows

indicate AG bands in both conditions.

Lane 1: broad range protein marker

Lane 2: crude protein (20 Lg)

Lane 3: precipitate with 95% AS saturation (50 LLg)

Lane 4: pooled active fractions from unbound peak of DEAE - cellulose
(30 Hg)

Lane 5: pooled active fractions from Superdex 200 (fractions no. 12 — 16);
unbound peak from DEAE — cellulose (10 LLg)

Lane 6: pooled active fractions from Superdex 200 (fractions no. 17 — 23);

unbound peak from DEAE — cellulose (20 LLg)
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8. Optimum conditions of purified AG
8.1 Optimum pH
The effect of pH on AG activity was determined by using purified AG.
Sucrose was used as the substrate. Briton-Robinson buffer solution was used as the
buffer to adjust pH. As shown in Fig. 64, the highest specific activity was at pH 5.0. This

pH was then used for other conditions.

12

Specific activity (U/img protein)
o
|

3 35 4 45 5 55 6 65 7 75 8
pH

Figure 64. The optimum pH of purified AG. Briton - Robinson buffer at various pHs

ranging between 3.0 - 7.5 was used. The optimum pH was 5.0.
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8.2 Optimum temperature

The result of optimum pH (pH 5.0) for AG activity was used for this
experiment. Acetate buffer (pH 5.0) containing 0.1 M sucrose was used as the substrate
buffer. The highest specific activity was at 50°C as shown in Fig. 65. This temperature

was further used for selective concentration of substrate.

14
,’5127
o
5 10 -
S 8-
2
S 6
E
g 4
g,
0 T T T T T T T T T

25 30 35 40 45 50 55 60 65 70 75

Temperature (C°)

Figure 65. The optimum temperature of purified AG. The reaction mixture in acetate
buffer (pH 5.0) containing 0.1 M sucrose was incubated at various temperatures ranging
between 25, 30, 35, 40, 45, 50, 55, 60, 65, and 70°C for 10 min. The optimum

temperature was 50°C.
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8.3 Selective concentration of substrate
The results of optimum pH (pH 5.0) and optimum temperature (50°C)
were used for this experiment. The mixture was prepared in various concentrations of
sucrose from 10, 20, 30, 40, 50, 60, and 70 mM. The reaction was continued for 10 min.

The highest specific activity was in a reaction containing 60 mM sucrose (Fig. 66).

N w - (8]
| | | |

Specific activity (U/mg protein)

[EEN
I

O T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Concentration of sucrose (mM)

Figure 66. The optimum concentration of sucrose as substrate. The reaction mixture
was incubated with sucrose at various concentrations of 10, 20, 30, 40, 50, 60, 70, 80,

90, and 100 mM, respectively. The optimum concentration of sucrose was 60 mM.
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8.4 Optimum incubation time
The effect of incubation time was studied. The reaction mixture in acetate
buffer (pH 5.0) containing 60 mM sucrose was incubated at 50°C. The incubation time
was varied from 10, 20, 30, 40, 50, 60, and 70 min, respectively. The highest specific

activity was obtained from the incubation time of 50 min (Fig. 67).

Specific activity (U/mg protein)

0 T T T T T T T
0 10 20 30 40 50 60 70 80

Time (min)

Figure 67. The optimum incubation time of purified AG. The reaction mixture was
incubated for 10, 20, 30, 40, 50, 60, and 70 min, respectively. The optimum incubation

time was 50 min.

9. Protein identification

A two - dimensional (2 — D) gel of AG with the different immobilized pH gradients
(IPG; pH 3 - 10) was demonstrated in Fig. 68. A 2 — D gel was spotted by many types of
protein with various molecular mass ranging between 14.4 — 97 kDa. There were more
protein spots in CBB - stained gel (12.5% T, 2.6% C, and pH 3 — 10). Most of protein
spots are grouped in the bottom region, which range between pH 4.0 — 8.0. The circle
protein spot in Fig. 68 is interesting, it is molecular mass ranging between 66 — 97 kDa
and ranging of pH 6 — 7. Some of protein spots are grouped in right region, which is the

basidic (hight pl) region. These can be presumed that most of proteins from A. cerana
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are basidic proteins. The narrow pl range (pH 6 — 8) gel image reveals the protein much
clearer than a wide pl range (pH 4 — 9) gel.

The protein bands of interest [Figs. 20B (lane 2) and 25A (lane 4)] were manually
excised and in — gel digested with trypsin. In contrast, for in — solution digestion with
trypsin, fraction no. 17 of Superdex 200 (bound peak from DEAE - cellulose) was used.
The tryptic fragments from both digestions were used for protein identification via a
peptide mass mapping technique. The amino acid of AG from A. mellifera digested by
trypsin was simulated by the MassLynx software of BiolLynx, Protein/ peptide editor.
Therefore, both in — gel and in — solution digestions were used for the peptide mass
mapping technique. MALDI — TOF mass spectra of tryptic fragments are shown in

Appendix H. The significant peaks in mass spectra were shown in table 11 and Fig. 69.

pl 3 4 5 6 7 8 9 10

Figure 68. A 2 —D gel of AG by CBB - stained gel (12.5% T, 2.6% C, and pH 3 - 10).
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Table 11. Peptide mass (Da) from MALDI — TOF analysis of trypsin — treated AG of A.

cerana compared to tryptic fragments of AG in A. mellifera, +1 Da mass accuracy.

Observed Mass* (m/ z)

A. mellifera Sequences of tryptic
[Mass (Da)] A. cerana [Mass (Da)] fragments
In — gel In — solution
530.32 350.97 530.59 IVNGK
609.29 608.36 FGEEK
641.33 641.87 SPYFK
686.43 686.56 686.31 IVNGKR
693.43 693.36 FASLKK
698.33 698.9 GFDGFR
754.40 754.20 TEYTLK
766.37 766.09 VNENYK
777.45 777.41 FWLRR
789.43 789.27 AFNNVPK
817.42 816.68 EANLNTR
836.43 836.38 FGEEKAR
845.47 845.71 TVNLAAEK
973.57 973.95 TVNLAAEKK
1028.45 1027.59 DSNSSDFKK
1034.48 1033.59 NSFFNMFK
1064.57 1064.25 LVSRFGEEK
1467.67 1468.27 ENYQTMSRDPAR
1756.93 1757.53 EDLIVYQVYPRSFK




1
51
101
151
201
251
301
351
401
451
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551

Figure

alpha - glucosidase (EC. 3.2.1.20) — honeybee by using the mascot search.

underline amino acid sequences are derived from in — solution digestion.

MKAVIVFCLM
1EGIKEKLDH
DLDNLVSAAH
GKI1VNGKRVP
VLDDMQNVLR
YTLKIYTHDI
GADFPFNFAF
RLVSRFGEEK
CGAGKENYQT
AEKKDKNSFF

ALS IVDAAWK
FLEMGVDMFW
EKGLK I ILDF
PTNWVGVFGG
FWLRRGFDGF
PETYNVVRKF
IKNVSRDSNS
ARMITTMSLL
MSRDPARTPF
NMFKKFASLK

SLYAILNFSN
ALGFFILISQ

69.

EEQIVDLKAF
DAKFGNF

PLPENLKEDL

1VYQVYPRSF

LSP1YPSPMV
VPNHTSDQHE
SAWSWREERQ
RVDALPY ICE
RDVLDEFPQP
SDFKKLVDNW
LPGVAVNYYG
QWDDSVSAGF
KSPYFKEANL
NNVPKKLNMF

digestion, matched peptides are shown in bold.

DFGYDISNYT
WFQLSLKNIE
AYYLHQFAPE
DMRFLDEPLS
KHMLIEAYTN
MTYMPPSGIP
DEIGMSDTYI
SSSSNTWLRV
NTRMLNDNVF
YNNFNSDIKS

KDSNGDGIGD

DVHPIFGTIS
PYNNYY IWHP
QPDLNYYNPV
GETNDPNKTE
LSMTMKYYDY
NWVPGNHDQL
SWEDTQDPQG
NENYKTVNLA
AFSRETEDNG
ISNNEQVKVS
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From NCBI blast search, it indicates an amino acid sequence of JC4714
The

For in — gel

Conclusions

1) Various primers of alpha — glucosidase (AG) for RT — PCR were designed from
AG in A. mellifera. Under the optimum condition, the length of 1,740 bp was obtained.
The similarity of the sequence to that in A. mellifera is 96%, to maltase 1 in A. mellifera at
53.44%, to maltase in Culicoides sonorensis at 48.75%, and to CG in Drosophila
melanogaster at 53.66%.

2) The deduced amino acid of AG (567 amino acid) in A. cerana was obtained.

3) Due to phylogenetic trees of amino acid sequence by UPGMA and NJ, it
supports the data of blast. It can be summarized that A. cerana AG is mostly similar to
A. mellifera AG.

4) Crude protein was extracted and determined by Bradford’s assay (Bradford,
1976). There is less than 0.33 g/ g protein in hypopharyngeal glands (HPGs) but there is
1.03 g/ g protein in honey crop. Due to SDS — PAGE, different patterns of crude protein

from both sources were obtained. Protein at MW of about 75 kDa was found in both
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sources while protein at MW of 50 kDa was found only in HPGs crude. After renaturation
of AG in crude, a positive band at the MW of 75 kDa was visible.

5) The AG activity (by Momose’s method) was assayed from honeybee worker
(500 g). They were homogenized to be crude (0.696 u/ mg), precipitated with 95%
ammonium sulfate (0.235 u/ mg), and purified by DEAE - cellulose (2.171 u/ mg), CM -
cellulose (0.154 u/ mg), and Superdex 200 gel filtration chromatographies (1.804 u/ mg).
The activity fold was 0.34, 3.11, 0.22, and 2.59, respectively.

6) According to positive fractions of Superdex 200, mass weight of AG was
clarified to be 68 kDa.

7) The optimum pH, temperature, and incubation time for AG activity were at 5.0,
at 50°C, and for 50 min, respectively. The proper concentration of sucrose for AG
activity was 60 mM.

8) Unprecipitated crude of A. cerana was separated by 2 — D electrophoresis.
Pattern was obtained in a range of pH 4.0 — 8.0.

9) AG was analyzed by in — gel and in — solution digestions (or trypsin digestion)
and peptide analysed by MALDI/ TOF MS. The peptide masses showed that there are at
least 4 matching masses with 4% coverage matched to AG in NCBI blast search (score
of 37). Furthermore, there are at least 18 matching masses with 19% coverage matched
to AG in NCBI blast search (score of 153). The peptide sequence is corresponded to

the amino acid sequence of AG in A. mellifera.

1.4 NMSANENUTAUNLUAMNLANANNIN AT ULAZTEUINTRAURY A. florea,
A. andreniformis Wag Trigona spp.
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(proboscis) ¥ (antenna) Unutin (forewing) Unuas  (hindwing) 219184 (hind  leg)
amasluFn 3 uaz 6 (3 and 6" sternites) waznasiney 3 uaz 4 (3° and 4" tergites) (NN
70 waz 71) antuRnsiatauuglas iednauianinngg AYTHNENILAEHNUBIAN DL

nAnm 22 dnwuznaliindesaanssadiuuamesiauaziunnadlunaniaimes

A B
1T mm.
17 mm.
¢ D
1 mm. 1 mm.
E
F
1T mm.
1T mm.
G
H
1T mm.
T mm.

AT 70 UWAAINTNENEEIUANG 7 2RIHAENT RN HIM9%11 morphometric
A = antenna, B = proboscis, C = forewing, D = hindwing

E = sternite 3, F = tergite ﬁ 3, G = sternite N6 uayH= tergite N4
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1 mm.

1 mm.

ANT 71 WARININTINEAIUANG 7] 28RN LG AN ¥ M9 morphometric

| = hind basitarsus LA J = hind femur LA tibia
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Rescaled Distance Cluster Combine
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nanszanevesdulssfcatadaluaiis 3 ngu wudndaden 1 Ruwelinndusoudslunis
. e oo d 5 e oo -4 v -
Anuunsaatdulsannulunaldanngusietdulsmnuluiznony uaviladan 3 &
¥ -ai o/ [J o 1 o Qi o 1 o 1 o dl
waldaiilusaudslunsanuunsaetedulannuluniansdusananngusnasinetulssny

TuiiFnouay usdslianunrnsneanun e asinednla
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m@miﬁﬂmmﬁqLLuﬂﬂ@;uﬁq'athﬂixmmﬁuim T. collina dwulwlszmalne
patiana cluster analysis s ldnguiladelu 3 ngu w1_|dﬁﬁ@ﬁﬂiﬂﬂﬂ?@ﬁﬂwm:mqﬁmﬁm
EmmmﬁuimiﬂﬁN@ﬁﬂﬁlﬁmmmLu;mﬁmﬁu@ﬂ'ﬂﬁmL@u@wdﬂqmjuﬁq@ﬂ'wﬂﬁxmm
= 1 dl o [ % a a a v %
HaN9LFELINE LAY RREAN BTN WINE LAz NI L BT B usaY
A%U949 Scheffe (SPSS for Windows 11.0, 2547) tNENARALAINNLANFAINIENINNAIDALIUD
Anwoen AU UIng11esduls 7. colina Imulwanniawmile nepnvdteenidaamile
MARZTURAN ANARTAUAN wazn1Als WudnFnatiNstulNrARnaaInnIAnzSuen 1l
RzAUREN TIERAPRBNLNANTIANENT8Y Hepburn et al. (2001) AWLLNIUABIRY A, cerana
ArHIUIAAAAIANNAIARLIUAN NN AARZSUeen wazfdet Ul AnunIanAmiied
sunlvgnisinedwdulsdnunnald e ldasandesiudnmueniedniguinen
UWANHUZAINNNIAATIZIN NS INNEENT8HS A, cerana Tuilszmalnauazauayns
dl 1 o/ o/ = . . . . . .
NAY NNLINANBIUSNWNAUFIUINEITBN forewing hindwing proboscis labial palp hind
leg tergite waz sternite TavEInssNaNAuagiFonuniiaduazfiqan 13 ° wille (northem

latitude) Haalunndnialnsaiznlsiduazfiqain 13°wiles (southem latitude) LAZINZANE)
¥ a
LANANIEN9B

Limbipichai, K. (1990). Morphometric studies on the eastern honeybee (Apis cerana

Fabricius) in Thailand and the Malaysian Peninsula. Master Thesis,

Hepburn, H. R. et al. (2001). Morphometric analysis of Apis cerana populations in the
southern Himalayan region. Apidologie, 32, 435 — 447.

Schwarz, H. F. (1939). The Indo — Malayan species of Trigona. Bulletin of American

Museum Natural History, 76, 83 — 141.

Sung, I. H. etal. (2004). Morphological caste and sex differences in the Taiwanese
stingless bee Trigona ventralis hoozana (Hymenoptera: Apidae). Entomological
Science, 7, 263 — 269.

1.5 ANHIANNANNUSTRIMUINITIEALANUD A. florea, A. andreniformis, A.

mellifera Wag Trigona spp.
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1.5.1 med1maansiugueiug ulssmnanenuinugauauulsdunisiugnessly

TulnARULATHARALAWLE (A survey of A. mellifera L. subspecies in Thailand base on

variation in mitochondrial DNA)

o -

naugrndngiszinalneludaesiuasanAnasss 1940  (Wongsir, 1988) uaz
ARN391 1950 (Akratanakul,  2000) e ldluaudds o AINTUNNNINE R LAY
INBATAIEATHNIINENAY ANNAIAU uitszainsaasieiugnddduldaunsaunsy
val o 1 1 a va o b é/ % [
nszanalaniln wiludospsanamasse 1970 Tadn1sundnlszainsieRugaIuaunInain

o © [ % o

Y o o A -dl [ = 1 dl dgl
ﬂﬁ‘zmﬂimmuiﬂmmmmu@‘nmﬂixm ﬂi‘V]EI“Vl@Q‘MQﬂ@’]WﬂuLL@ﬂ:@ﬂﬁ")ﬂLﬁHQIMNLW’ﬂﬂW?L@ﬂ\?

v
o o =

walugaanngsy (Wongsiri et al., 1995) AMntiudiasinIsindiaRugINaERAINaN
wanatlszina ldun aesmsias glsl uaziada (Wongsiri et al., 2000; Kavinseksan et al.,
g o & o 2 A
2004) nensyangaadtlszansieiugaenadoluaendelutouniauileasslnalasanis
TudawudndadludsauneluunasdAgaasnisnszanadszansaasialulssinalne
(Thapa and Wongsiri, 1997) flaqiiuiisnasutlszansiiaiuglulszmelnaiinisdnnig
X 0 e . L4 A . e .
e i uaulszanne 300,000 53 detlszainsunnnaneseuienszanssaagluinudandn

AMAWie AT ERNINLNNINS ldN NeTTN T RRsitiaaun (Wongsiri et al.,2000)

kTl

o a

qaniaresasiugaasiaiug ulssmalneluilaqiiudaasliuldausaiunsm
' P I o ool o | = Lo X o e
nana inasdnivanaaeiugnsduiueglulssansinssanaagiindssma Reiuginng
ARABNANYRUTTINANNATY 11 Aeiugnnunuiulsasne aneiugiingAnssun e
Haead WreaneRUENNANH UL NMNITANFARNITINNLEN UNARA IR (Ruttner, 1988)
@ ©° [ rg [ 4 = 1 1 QI dl
nsdnAanuuNszanIreasRugEeiug lulsuinalnaiavuiaulasestiaianisgua
Usunlpatteiug lutlszmelnasaly
Tuflaqifusenuganiiinresaaiugaansiug luuaug sl wewsni waznzduean

g

na9 sedayaniedniguine nuesinelaslsun 24 aneug (Ruttner, 1988; Engel,
1999) maﬁﬂ‘mé’fmimimmum?aaLﬁul,@wudfmfmmaﬁuﬁ%\mumﬁ'ﬁiuwuﬁummmu;].iq
28N lu 4 AN8ANNANANUSNIATMUINITIALA M (West  European)  C (Eastern
Mediterranean) A (African) (Hall and Muralidharan, 1989; Smith et al., 1989; Cormuet and
Garnery, 1991; Arias and Sheppard, 1996) A12AMNANAUENIITEUINTG O (Middle
Eastern lineage) (Franck et al., 2000; Palmer et al., 2000) WASNLANLAINNANNUTNI

ATmuInng Y denszanslulsymee ladle lundduwewdnn (Franck et al., 2001)
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=8 v o 1 1 = a I ¥ aa = aa 1
naAne luilaqiiusedaduluileisnidnslivanedaneaauenananeds 1

3% microsatellites  tay N1 RFLP  luluinspaissemiduie e ldlunisnmagauaney

6

¥ 14
psuanAgungNLszaNs TR eRLgUeENT (African honey bee) UATRNWUSHANAEG

3

wawsnn (Africanized honey bee) TaiinaInnNstlziluaasaaiuguansni (Clarke et al.,
2001; 2002; Coulson et al., 2005; Diniz et al., 2003; Pinto et al., 2004; 2005) N19579948L

ANeRUFIaRLEANENNIANIANLANGN9A9eAE RFLP Tululnsaewssemtue uaneld

3

-

Tu Table 1 N1FRNUUNANUANFNTBIAEANANAUSTNATIUINTTBIAN WU RS

)

[ o o -dl o 1 . a a e ndl '
’rﬂ’]ﬂﬁl"ll’rﬂNﬂ@ﬂ’]i‘LLﬂ?Numqﬂwuﬁ;ﬂ??NVIIF]']LL‘VI‘LN non-coding Sluiﬂmmmmmmm@mmem\i

Aulugauaad P, Po waz Q @uiludanlasumiufianundianslunsnengns mnNgdunus

&

NI IR UE (Cornuet et al., 1991; Garnery et al., 1992; Palmer et al., 2000)

q

41 o a 9 X o o
PNRAINHTALAULIRIFALTH mummﬂimﬁmmwuﬂuﬂixm ﬁi%ﬂtmﬂ@ﬁﬂﬁlﬂ’]ﬁ‘

o

1 o 1 49{ o = ¥ acl
39aaaLUNITTNaNandnEuraInnIeuN lulszansieiuginaanAunisAnu faeds PCR-
RFLP 11 4 1usnnmaasluingeaunsy wasldauladfaaninisndaiiieanan 6 1wa Dra |,
Byl II, Ecor I, Hinc 11 waztaultsdfnannnenUa1umiaanan 4 Wwa Hinf | 39N79ANEIaN6L

Haralelnglusiuwila non-coding 18981 tRNA™ - cytochrome ¢ oxidase Il (COII)

ad =2
A8N13ANEN
14
LA NUEIALEAIUIN 476 53 aInLFNIAWLE NANATN NARZIZUEEN

Remile uaznAlH FEMINNRBUNINGIAN 2546 TANNTIAN 2549 (NN 74, AN9199 13)

[ [ [

Y o 1 41{ oY a o o 1 o dg/ = . . .
WAL ITA2RE RN A USRI U 27 ARaeNg Al NNWUGANENUY A. m. ligustica-derived

q q

=l o -8

ANUszmADaaLATIAL AMUIN 5 59 uar AnisvinAtinTuausatuan 1 5 deiuganawug

A. m. carnica A7n Gratz AU 2 59 41N Klagenfurt a1 1 59 Wazann Lunz-am-See
A 3 59 lutlszimAsedimsa an 3 59a1nanntiu Bienenkunde TudszimaAieassiu wazann
Medvode lutlszmaalanile aruaw 1 59 Rawuganawug A. m. mellifera A3 2 59 41N

o o

Asker ﬂizmﬂu@ﬁqﬁ%qﬁqwuﬁf hatnganglsiiludaetinadnedeain DRS laboratory ludl
1987 (sneazi@enl Smith, 1991) ﬁqﬁuﬁmﬂﬁuﬁA. m. scutellata AU 2 39 ANUszing
wen3nn1g Fafusesnslae Orley Taylor, Jr. 11T 1991 LL@%ﬁﬂﬁuﬁ:@ﬂﬂﬁuﬁA. m. syriaca
AU 7 53470 Hatay Tutlsvinesi Safusadnlag O. Kaftanoglu 1uT] 1997 Faetig

fudnunlu 95 wWafidus ueanagasiguugi -4 esAmalisa
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nsaazilaelulnsneussunidue danduiaaindouanaadieiugainsaetig
MianNm 476 saaenelnanisldianisainmduien1nsgIuis phenol-chloroform extraction
WnFunainadueluluinsreusseadueatuan 4 1on 1un Usans tRNA® - 5
end of COIl (398491 non-coding region 1214919 tRNA® waz COIll) 131904 cytochrome-b
151904 large ribosomal subunit WAL COI TAanAL289TYW primers WATAIALTURBL

a aan QI a @ 1 a o dl o o

naaiadfiTenlun ainFuuad e luuAa LT LAAIAIANTNT 13 waIdY
a a o‘dl a . . 1 leu A 1 o 1 dl
flanalameaniziom non-coding region 331314 tRNA® uaz COIl Tnadenguainsinatine
ugnasnlululnsaaussounns1eiuainnisnsaaaud19FuRaTaININIRIAULLEA

¥ o a

HardlanAifreumauiudeyasdutanalelndlugudeya Genbank

u

|
o a

nisanazidayasiuans gluuuiugnssunuansslaeanAagununiinainnig

9

1
o

Y co o . a = g S A = =
peneeulmifinamizanis 4 Wunndnelululnsneueondu (nni 75 5119199
14) ATUANITLIZANNUANG NN NAUENITNIZUINFLULLR UG NITUNUANFNIUAZ AN ATDY
nanszanaszdedszanslaeldlsunsu REAP (McElroy et al., 1992) WNUNTWLAANATIH
ARNLAUTEUTNNANAINLANFAINN NN UFN TN VA8 TaYAINTLHTAINUANFNINI
WUFNITNALAT neighbor-joining method Tulilsunss Mega 3.0 (Kumar et al., 2004) AYH
WANFANNNAUGNITNTENINNUN seud e fuluiuimaafiuauInlnanisld AMOVA
(Excoffier et al., 1992) @aalilsunsa AMOVA 1.55 (Excoffier et al., 1995) NAZALAINN

e . o o i da o & dd
LANGNgANENITAIUIRALTILWEL 1,000 98 ANNAeENa AN lunaFuITnInaN Ui
auladnm doudayaasuiuatianalalnduaunaudaaniuazldllsunsa Clustaiw  Tu

1U3unsu Mega 3.0 (Kumar et al., 2004)
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-e O Apicultural Extension office
A"

D Bee farms

v
a o

= = ¢ X o & ) A& o = T A o
NN 74. U LQM‘V]W\WJ@QWW?NN\‘IWH@ A. mellifera MAUFALENNIUNNIANENATIN ANt9

o '

Medanguunuddnlulszmalneiiuiedns  smnanunuioetHsiugIivangus

] a o = 49{ Zl/ c a ai o 1 d%/ o o‘dl < " agll d%/
AUATNLASNRNUIDITNLNEATENNN S ALE] mmﬂmmum@mamwqumumﬂ%lfmm@mm

o A dl dl o o 49{ o rdl (<3 ! o 1
FLad TUNNANUTAALVALNUAPIANUI LTI DINIAUENLAL TUUA AL ALY

3

HANNIANTA
sUULLURUENIINALANFN9a1N3E RFLP guluuimeseulsddnanmizildlunisdnm

W4 wnnmeslulnsaeusssadue agllifenng 75 uazan9en 14 Faatingaeg

o o

14 v
dszannsiaiugaoaclulsvmalneianuaaiunsodadasauladsinannie Bgr 11l

o o

131904 cytochrome b (JUWLIL “b” N7 75B) uananiaiug luilszmanadalinuiaiug

Q

o el oo - o o o - .
@qﬂwuﬁ;‘w&l@qﬂqqmuqﬂqiﬂ@qﬂﬂuN\iwuﬂuﬁqﬂﬂqqﬂﬁﬂwuﬁqqE‘&Juqﬂ’]?LLUU A 1178 African

WiumeaiunLTnns COl linssnsaaaulalfinanniy Hinc Il (Ui “a” nawi 75D)

¥ % 1
=2 cal A

wandEeiug lutlsemalnedeldnuisiugarsiugndareddmuinisadnaiuRewug lu

Q

v A o

¥
ANEANANTUEITINUINITULL M 1178 West European annsinasniesiuglulszmealng
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¥
=K o

enneanugluuurenisansaeaulaifinannisiul o uiunaiug luanaar Nduiug

=X

ATWUINTTULL C 9198 Mediterranean LATRIRLE IWANIANNANAUSITBUINITULL O 178

Middle East

a o 6

ANTIANANUILARILER0S tRNA® — COll Tefunaninmana ldwindy Aa 1ua 573

[ 4
a %

ALUA wazawIm 837 Aiud TunNawiadunuluineandnlimedn Thad Gednlindnaiu
dﬂ{ 4
A

v 1
o
o a a

U laNANHANRTUSITMWINITLLL C UAZNIFATUIBILTIOM (RNA® — COIl Aoy

1
o o =

ulgddnaiwiy Dra 1 wugduuunissindaaeuladfinamwanunnsisaanluans
¥
ANINANAUTATIUWINITULL C waznudalANAR LA 8RS IRIHIRUE Am ligustica
Waz A. m. carnica (ThaiA gUuuL “b” nnil 75A) gulutiunnssinsaaaulaifdnannig Hinf |
wuANLANANresgUuuy Tae b” wulw A, m. camica TusetinagnsBatuiu dau o
. . a o £ dl ¥ o . o 1 % a 1 o
wuli A, m. ligustica uazianuautesNAANaiy A. m. camica A2 19819BTWAY 31

wunasnisdnsoaauladinawizuuy o’ Tidungu Thaiat wazangduuy “b” il

1 v
nNax ThaiA2 (Nl 75A) duiusinat el aunnaeasziom tRNA™ - COIl awalugiii 16

a

{lungu ThaiB guuunisdnsoaiaulasifnannne Dra | WigduumnieuAuiaiuganeds
o 1 o v = dl £4 ! o Y
FaatNaIN@NeANENAUELLL O A ndsemensn a9lugtuuy “a” dougduuunissinaos
auladfinanwag Hinf | Wgluuuaeanisfinuuy “a”  wuii aeisudamilanniufaetng
v a dl 1 % o '8 % ' ¥ a 41{ 1%
gnadenlidaraauduiusuuy ¢ Tudnetnednsdanasnululsrainsnesieiug
dszmelnangu Thaib
=2 dl a dl c . dl a g
HaNT9ANENLITIMEY wwlsd Dra | waz Hinf | NLT cytochrome b, ol
EcoR | finnudians IsRNA agUldluanenei14 nanit 75 gluuureaenlasifnanmisnanm
7 gduuy wenANLANEN9T993L UL UgNsTN 1MW bbbbaba TaaFeENANAUAY
[tRNA"""—COII / Dra 1] [tRNA"™"-COII / Hinf 1] [CytB / Bgl 1] [CytB / Dra I] [CytB / Hinf 1]
[IsSRNA / EcoR 1] [COI / Hinc 1]
. d e X . . .
8 guUuuuRugnIsunuansnaiulusetinsasieiug lulsemalnaaiuan 476 59
FULULAUENIINNGN ThaiA1 2983UULLIBIRUENITHULL beb-aba (- 81aazilu a ¥ea b)
stluuuiugnIsungw ThaiA2 lAungtuuuiugnasuuuy bbb—a waz JUUULRLENITNNgH
ThaiB lAuAgUiuLRUgNITNILL aab—a (AN9°991 14) NMIBEUNLEHZANLANGINY
nanugnasiiilugdnedayaann deyaveveulaiinanmie aglutdessyidns 0.006-0.06 &4
seaizn WU lunN3aF 19U N NAIE3T neighbor-joining  WAXAANGNTBIAIMNLANG 1NN

[ [ v o G

ugnasueanily 2 ngu NENRLSILAIANNANTWENIITMBINITULLL C uaz uuY O
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Ngx ThaiA2.1 (bbbbaba) lungugluuuiugnessinulifudaulnnjlszunn
58.1 afidudaindnasnarianun SR uunlAiguaaiuAaeE19819B99 UL 7 Fnaeing
AMNBBALATUUATIHEINY AaunguIluuLRULNIIN ThaiA1.2  (bcbbaba) F9Adnefiy 3

FN8ENa89 A. m. camica aniszinAasassauazalanile ngunassnigluuuiugnsss

u

' '
a < o

anulsifludoulugjaa ThaiA1.1  (bcbaaba) syanne 19.7  wlafidus avadnaiugiuy

o

WUFNITNTNINUE A, m. Jigustica $1989andszmAnesasidtuazinTuaus §1usy

tlunLRUgNIINTAINgN ThaiA2.2 (bbbaaba) WA ThaiA2.3 (bbbbbaa) lHimilauiy

U q

v
sUuuuiugnITNaasfantned1eds atglsgluiuiugnasuisunafinaadniiuanninues

ANRANNANAUTNIDTMUINTULL C (NWA 76) Faeins)raiifantinrianuadigluiiunig

o

asneeulmsifnamway Bgl Il A Cytochrome b wslinwugtluuunissinsosiewlamsd

a LEU

FRANNIE Hinc 11 ML COl 291N tRNAT—COIl Hauistanuazlinuansuis

o

299491 P uazgluuunissinsaeuliifnanie Dra | Igtuunaiunsouanuay A.m.
. . . ! A A A ) & o 1 ' o
camica WY A. m. ligustica duwaean 18 efidud dneglunguituuuiugnasy

ThaiB 499331 UULRUENITNLLL ThaiB2.1 (aabbbaa, 17 Laiius) ThaiB2.2 (aababaa)

¥
waz ThaiB2.3 (aabaaba) uarThaiB2.1 Hgtlunuaesiugnasuimilauiuilsiugfantng

q

#1989418 ANANAUENIRATUINITUUL O LHuA A. m. syriaca annanzduaaniaes s

=
291 ILNFAR TN

¥ o [ =

14
doyaarsuilanalalng nnsdiaszinisudsdumnsiugnesuaessinatinaleiugan

1
o a

adutonalamdAnuEon (RNAT uaz COIl wuAdNuansnieian ety a1duil
aAate lndludauaes non-coding  BuFUINGNLULLRUANITN ThaiAl uay ThaiA2 dnat)
TugngpudNiusnadmunsuuy C aliidiuaasasuiionalelndludou P wazds
= P I~ v 0 o Aa = (4 a .
wansANdauguiaFaumeuiuaAutionalendd198s A, m. camica uaz A. m.
ligustica NENIUULILAUGNIIN ThaiB  lalinilauiuans A udniugnIadmuinisuuy C

0 o a a s

W31Y ThaiB ansuiinaalalnsaadgdnu P usatsutinpdlansdaad ThaiB wanNFAI9aInRawuLs

Q

o oA o

ANEANNANTUEITMUINITULL M wazdn ludauaes P ldwunisualyl 13 guwa wunas
unuiresdndLianalalndiedoutes P uaz Q duinli ThaiB liwileusuiaiugluany
FAUINITULL A uianAuiiaadlendues ThaiB AaemARaiuansLianaleindues A. m.
lamarckii Wax A. m. syriaca Tnenunisunufignduiionalalng 3 fumislugau P uaznis

wnsnatduionalalng 3 Awnmdalugin Q2 warnITunui 2 Auntsludon Q3 Fetiu
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a

ansuiamalalndues ThaiB waanirdnredatsLiapdlang ludou Q (Q way Q) luans
d‘ ‘e . 90} ] = dl Z’/ ] 2’/
N A. m. lamarckii WaL A. m. syriaca WAANNITENUDIAIU Q IWENUUNIATINIUY
NNINITANEUATANANY 029U LLLUGNIIN [1UIUNINNTT 450 59 AN 476 39
Anaglungugduuuiugnesunnunniiudoulug) 3 glunudenadnediu aehniv 95
wWasidunAresesaiannn JULULRUgNIsNLLL ThaiA2.1 bbbaba wuiaﬂunmﬁumu
NANLALFAeEY JUULURUENIINUWLL ThaiAl.1  bebaaba  laiwulunialsusinuluy
A o = = ! . o %
NNANE NIANANY LAZAIARNZILABNIRENLULE @91 ThaiB1.1 aabbbaa WLANWIUUALNN
Tunrpmtlanaznianans wanuxnnlunialdnaznianzduaaniasanila (NwN 78A)
stlununisnszanaraeg LR UgNIINTY 8 JUULILARNARLAIWA 78B  NN3ILAIZiAN
LANFINTZUIN19N1INTz A N LN AT UANEN1991AT12H AMOVA aadl3lum1s19n 15 nng
Annguaasvnfulunsiaznialinuauuanseiuluguuuiugnssuiiiaau AAuiu
1 a al -1 & dl o 1 I3 é’ = %
wilssenananToniAn 19.2 wlafifus IadnngunIFNEINIAWMLeIINNIANATS LazNIATE
[ % = = dl [~1 1 dl Y & o dl a 49{ 1 1
saunAnzdueanasnile aduAnuaaslmiuaanudsduninszulungudszaing An
ANNHULLIEMINUTIE A 29.9  wlafidus uaraduayuldainnisnszanaaesgiiuy

1 14
ugnasnluniAsnge A3 nnd 78 aenglanudnludszanszesiaiuglulna lurasusined
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(A) tRNA" -COIl region (C) ISRNA region

Dral Hinf 1 EroR 1 Al
A2 A2
100 lig car mel mid scu B B 25

Al
100 lig car mel mid scu B A2 lig car mel mid scu B A2 Al 25

g g p e shgM G

(B) Cytochrome b region (D) COl region

Bgl 11 Al Dral Al Al Hinf 1 Al Hinc 11 Al
; A2 A2 A2 A2

AL As A2 A2
100 lig car mel mid scu B lig car mel mid scu B B lig car mel mid scu B 5 100 lig car mel mid scu B

g sy g™ wpyn wgn w “h» “a”

T

MW 75, uunimugnagtiuntesnesadeneulalFasamzsinellud  USnndidnm fetnednd
(Aeyny Anenllunin) A m. ligustica (lig), A. m. camica (car), A. m. mellifera (mel), Turkish A. m. syriaca
(mid) and A. m. scutellata (scu) ﬁqﬁuﬂmmLquﬁqnﬁmﬁﬂwni il (A1 = ThaiA1 group, A2 = ThaiA2 group
and B = ThaiB group) &ayanmnl “a”, “b” and “c” LmugﬂLLuum@qmiﬁTmﬁfmL@uisnﬂﬁmfﬁquxﬁwuluﬁqﬁuﬁ

leu

Tulszmelng  (A) uwnisnn  tRNA*-COIl dnsqeiaulmdfnamnz Dra | waz Hinfl  (B) WiuLsiod
cytochrome b fncaeieuldsifindaniy Bgl II, Dra | wag Hinf | (C) wnuLizne large subunit ribosomal RNA
finmasewlmiFAaNmiy EcoR | (D) WlLiBnns COI Fasaeiaulaifinamiz Hinc 1. 11A289unU8 98

Tmgr 100 bp way 25 bp ladder.
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A9199 13. agddumeunainfFuulninsaeussendue 4 Usnas NN uunieiug wlszmalng arauduiugniadmuinisuiy M= West European lineage,

ANBAMNANAUTNIITAUINITHUL C = East Mediterranean, @18AMNANNUTNIATRUINITUUL A = African, 418ANNANNUSNIITMUINITLUL O = Middle

Regions Amplified Primers PCR thermal profile Restriction M C 0]
Enzyme

tRNA-COI| E2: 5GGCAGAATAAGTGCATTG 3’ 94°C-60s, (94°C -30 s,

(Garnery et al., 1993) H2: 5CAATATCATTGATGACC 3 55°C - 30s, 72°C - Hinf | + °+ +4
60s)”, 72°C -10 min

Cytb OLD1: 5TATGTACTACCATGAGGACAAATATCZ 94C°-60s, (92 C°- 60s, Bgl Il + + +

(Crozier et al., 1991) OLD2: 5’ATTACACCTCCTAATTTATTAGGAAT 3' 50 C°- 60s, 72 C°- Dra | + -+ -+
90s)**, 72 C°-5 min Hinf | + - +

ISRNA Ls1: 5TTTTGTACCTTTTGTATCAGGGTTG 3’ 94C°-60's, (94 C°-30 s,

(Hall & Smith, 1991) Ls2: 5CTATAGGGTCTTATCGTCCC 3 55 C°- 30 s and 72 C°- EcoR | - + -
60s)”, 72 C°-5 min

COl COI-1908: 5 TTAAGATCCCCAGGATCATG & 94C°-60s, (94 C°-60s,

(Hall & Smith, 1991) COI-2932: 5 TGCAAATACTGCACCTATTG 3' 50 C°- 60s, 72 C°-60 Hinc Il + - -

5)35, 72 C°-5 min

+ uwnunssinsseulmifna iz — unulddnissadaeulodinamay +° +° +° +° uaz +° unugtluiunisdafuansinsiuaaseulaifnanne



AI519N 14, N1INszANeANRAARTIeguuuRugnIINuANA1eiu 8 gduuy Aan

Foatinalaiug lulsuimaneauau 476 53 anws 7 fa unugtluuuresiugnssutae sy

nsiadaaeultiAne N feil (tRNA™ — COII/ Dra |, tRNA® — COIl / Hinf I, cyt-b/ Bgl 1,

cyt-b/ Dra |, Cytb/ Hinf 1, ISRNA/ EcoR | kaz COI/ Hinc Il, AMNATAL) A, B,..., P unuaandni

¥
1 =X

LA UG

=R

aunuag/lunni 72

Haplotpye

Eastern Medditerranean lineage

Middle Eastern lineage

Regions Localities ThaiA1 ThaiA2 ThaiB Total
ThaiA1.1 ThaiA1.2 ThaiA2.1 ThaiA2.2 ThaiA2.3 | ThaiB1.1 | ThaiB1.2 | ThaiB1.3
bcbaaba bcbbaba bbbbaba bbbaaba bbbbbaa aabbba | aababaa | aabaaba

a

North Chiangmai (A) 7 67 1 8 1 84
(155) Nan (B) 20 1 1 22
Utaradit (C) 25 1 26
Phithsanulok (D) 16 7 23

Northeast | Udornthani (E) 12 16 5 33
(111) Khon khan(F) 7 6 9 32 1 2 57
Loi-Ed (G) 15 2 3 1 21

Central Lopburi (H) 18 18
(113) Bangkok (1) 11 11
Srakeaw (J) 10 15 2 2 29

Chantaburi (K) 33 33

Trat (L) 20 2 22

South Chumporn (M) 27 2 13 42
97) Surat thani (N) 3 11 6 20
Nakornsrithammarat (O) 1 10 1 3 15

Shong-Kla (P) 1 10 1 8 20
Total 92 12 277 2 7 81 3 2 476




116

— BCBAABA
L— BCBBABA

BBBAABA C
L BBBBABA

BBBBBAA

— AABAABA

[— AABBBAA @)
L— AABABAA
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P or Po

intermissa (A-8)
mellifera (M-6)
lamarckii (0-1c)
(0-3)

syriaca
ThaiB
carnica
ThaiA2

ligustica (C)

ThaiAl

Q1
intermissa
mellifera
lamarckii
syriaca
ThaiBQl”
ThaiBQl1””
carnica
ThaiA2
ligustica
ThaiAl

Q2
Intermissa
mellifera
lamarckii
syriaca
ThaiBQ2
ThaiBQ2””
carnica
ThaiA2
ligustica
ThaiAl

Q3

intermissa
mellifera
lamarckii
syriaca
ThaiBQ3”
ThaiBQ3””
carnica
ThaiA2
ligustica
ThaiAl
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MR 77, aduilapane InANLFeL non-coding region

leu

7231919 tRNA™ - cytochrome oxidase Il lululnsaaiun

leu

TUVRIHIAUS uARAIAIU 3’ end of tRNA™, P or Po, and

Q sequences. Q1, Q2, and Q3 #7aDagIU 5 @u
AEUNANS Uazdau 3 999 snduiendlelndluQ
wugae 1, 2, 3 v ungL Primes ( e.g., Q1', Q1"
) Wunugnduiianalelnfivis HaasdadudniiAsalu
douges Q fufu  dofuglne (Thaid1, ThaiA2 and
ThaiB) @:Lﬂ?ﬂuLﬁﬂuzﬁwﬁuﬁmmﬂ%ﬁﬁuﬁqﬁuﬂumm
WUGFN] &uA A.m. intermissa, A. m. mellifera, A. m.

Q

lamarckii, A. m. syriaca (Franck et al., 2000), A. m.

ligustica (GenBank accession # L-06178), and A. m.

carnica aneslunlus1duiuadiuusnunuans
ANNANRUSNIATRUIN969H C = East

Mediterranean; M = West European; A = African; O =
Middle Eastern AalaUuAZENEIFAUAN LAAIAIALITIAR
Talndann Franck et al. (2000) 11 O-1c = Middle East
sequence 1c A () WAAIANNIMNBUALTAIAALITIAR
Talndiuaausngs n (1) uansTeadnreIf duianale
Ing aedTmunnisuLy East Mediterranean or C i

wudau P luansuiamdlalndans non-coding
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AN5197115 NAN19ILATIEEAE Molecular Analysis of Variance (AMOVA: Excoffier et al., 1992; Excoffier, 1995) (A) V\l’]ﬁf‘rﬁ\lLamﬁ\ﬁmmjmﬂuaﬂﬁﬂ
15 nAntla North, nANANY Central, MARzduasni@asmile Northeast, waznials South. (B) Whfuiaasiednnguiilugasiision nawile

79UN1ANANN North+Central, mﬂm:ffu@@ﬂﬁmmﬁ@mmmﬁiﬁ Northeast+South.

(A) (B)
AMOVA Variance components Partition of observed variance Partition of observed variance
analysis Variance | %Total | D-statistics Variance | %Total @ -statistics
Nested Among regions 0.002 | 19.20 | Dct=0.192 0.003 29.92 | Dct=0.299
analysis Among apiaries/ within regions 0.001 16.81 Dsc =0.208 0.001 12.93 Dsc =0.184
Within apiaries 0.006 63.99 | Dst=0.360 0.006 57.15 Dst = 0.428
Analysis Among apiaries 0.003 33.14 0.003 33.14
among apiaries | Within apiaries 0.006 66.86 0.006 66.86
Analysis Among regions 0.002 22.38 0.003 31.15
among regions | Within regions 0.008 77.62 0.007 68.85
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(A) Three most common haplotypes
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(B) Haplotype groups
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o
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1.5.2 fI9AAALANNNAINUANEN1IRUgNIsNtastulsTlulszmalnelneds PCR-RFLP

1. husnetnedulsalulszmealng a1uau 482 faasing wildlu 95% alcohol waziiuls
dl o v a & o o o ' ] o o o v a & ad
N 4°C anpAweantulsalagtinfet19diuanaesiulse 1 fa H1N1N138NARLEULE IALDT
Phenol Chloroform Extraction kazdnaunaresdieuielaeldis agarose gel electrophoresis 16

FnatiNUANITATARLEWAAILAASININD 79

M12 3 45 6 78 9101112 1314 1516 17

kb

23.] e

4.3 m—

2.3 m—

NN 79 LAANNANIIAN AR LAULETRIT U9

Lane M = A/Hind I]

Lane 1-17 = finagingdulsg

2 NN N uAewalas el PCR

o N @ PRIy o N 2 A« a o

PYALEUAN LANININI TN LN T UALEUIAMATILFII 0L 16S rDNA 11 mtDNA 299115
a1 NSRS LA NN LA WLE F9mN9199 16 wazlaRnisdfuaninzluniaiinLFuno

ALBUBAUNIETNIAANNENINNZAN WUFNANN TN BN T uA B et Ul LT Tin

AN 16 WAR primer N A MFLANLENIUALELIEATILFIINL 16S rDNA T1 mtDNA 284

dulsq

mtDNA Primers

16S rDNA Primer 1:5’ - CACCTGTTTATCAAAAACAT -3’
Primer 2:5" - CGTCGATTTGAACTCAAATC -3’
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NINTAATURLEULEN LFAINN1971 PCR snellaulbisinaninng toun tawlamd Dra |

wlsd Hoy188 111 wewlasd Ssp | waziewlsd Pac | wazinn1stunnug

WANNIANS
dl % o a o cala oY &

Na7 IiannsRaRaRTusTNTanFhae wawlmd Dra |, Hoy188 III, Ssp |, waz Pac | Lans
WHiu 25 haplotypes, 9 haplotypes, 15 haplotypes, and 5 haplotypes ANNANAL NN9FINAU
10331 uuui ldarnnisdnsoaauliiivail awnmnaiield 47 composite haplotypes a1n
ARBLINAIUIN 482 FRBENN NANTISENLAINUAINuANagalungusitatnereatulsel
Usenalng NIANNLANFINNIATUIRALA AN UANF1NITEALRUGNITNTBINITEAL
. o . ‘e ! . dl ¥ a o 3'/ d” v 49( aa
intraspecific WAL interspecific 49U Phylogenetic trees lFannnsiseafell a5193ulnels
neighbor-joining  (NJ) uazlaalilsunsy WINCLADA ansnsnusndulsaldiiu7 uaz 9 ngu

ANNAAL (N7 80 LAY 81)
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. collina (N=cMm, MHS, PH, LP, PL, SK, TK), (NE = SR, NM, LO), (C = RB, KB) (E = CB,CHB)
. collina (N = Phetchabun), (NE = Si Sa Ket)

. collina (N = Phayao, Nan, Uttaradit)

. collina (NE = Khon Kaen)

. collina (C = Kanchanaburi)

. collina (NE =KS, KK, NK, MS, RE)

. collina (NE = Roi Et), (S = Surat Thani)

. collina (S = Chumphon, Ranong)

T. collina (NE = Kalasin, Khon Kaen)

T. collina (NE = Khon Kaen)

T. minor (NE = Ubon Ratchathani), (E = Rayong), (S = Song Khla)

T. minor (NE = Si Sa Ket)

T. minor (N = Chiang Mai)

T. minor (N = Uttaradit, Nan)

T. laeviceps (N = Chiang Mi)

T. laeviceps (N = NN, SK, PY), (C = AT, AY, SB), (NE = KK, MS, RE)
T. laeviceps (NE = Surin), (C = Ayutthaya, Bangkok), (E = Chachongsao, Chanthaburi)
T

T

T

T

T

T

. laeviceps (N = Phitsanulok), (C = Nakhonsawan)

. laeviceps (N = Chiang Mai), (C = Saburi), (NE = Surin)

. laeviceps (C = Kanchanaburi)

. laeviceps (NE = Ubon Ratchathani, Si Sa Ket), (S = Phatthalung, Songkhla)
. laeviceps (C = Prachuapkirikhan), (S = Surat Thani, Phuket)

. laeviceps (C = Ratchaburi)

—T. laeviceps (C = Samut Songkharm)

L—T. laeviceps (S = Chumphon, Nakhon Si Thammarat, Surat Thani)

. fuscobalteata (C = KB), (E =CS), (N =CM, PY), (NE = NK, MS)
. fuscobalteata (N = Uttaradit)

. terminata (NE = Loei, Roi Et, Ubon Ratchathani)

T
T
T
T. doipaensis (N = Chiang Mai)
T. terminata (C = RB), (E =CB), (N =CM, PY, PH, UD)
_:T. thoracica (C = Kanchanaburi, Ratchaburi), (S = Song Khla, Surat Thani)
T
T
T
T
T

. thoracica (C = Kanchanaburi)
. ventralis (N = Uttaradit)
. ventralis (N = Phetchabun), (NE = Loei)
. apicalis (N = Chiang Mai, Tak), (C = Ratchaburi), (S = Surat Thani)
_: . apicalis (S = Nakhon Si Thammarat)
Trigona sp.2 (N = Chiang Mai)
T. binghami (N = Mae Hong Son)

Trigona sp.1 (S = Surat Thani)
T. fimbriata (N = Mae Hong Son, Chiang Mai, Phrae)

_:T. fimbriata (N = Phitsanulok)
T. fimbriata (NE = Si Sa Ket)

:T. siridhornae (S = Surat Thani)
T. hirshimai (NE = Nong Khai)

T. itama (S = Chumphon, Surat Thani, Song Khla)
T. canifrons (S = Surat Thani)

_:Lisotrigona cacciae (N = Phitsanulok)

Lisotrigona furva (NE = Nakornratchasima, Surin)

.ﬂ’l‘wﬁl 80 Nighbor-joining tree (bootrap 1000 replications) by using Mega 3.0 program
(Kumar et al. 1993)



Lisotrigona cacciae (N = Phitsanulok)

Lisotrigona furva (NE = Nakornratchasima, Surin)

. doipaensis (N = Chiang Mai)

fuscobalteata (C =KB), (E=CS), (N=CM, PY), (NE = NK, MS)
fuscobalteata (N = Uttaradit)
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itama (S = Chumphon, Surat Thani, Song Khla)
= T.canifrons (S = Surat Thani)
£ hirshimai (NE = Nong Kai)
siridhornae (S = Surat Thani)

5 . minor (N = Chiang Mai)
5 . minor (N = Uttaradit, Nan)
5....{ . minor (NE = Ubon Ratchathani), (E = Rayong), (S = Song Khla)
. minor (NE = Si Sa Ket)
Trigona sp.1 (S = Surat Thani)
L 5/ T. apicalis (N = Chiang Mai, Tak), (C = Ratchaburi), (S = Surat Thani)
5

\é:(; T. apicalis (S = Nakhon Si Thammarat)

T. binghami (N = Mae Hong Son)

Trigona sp.2 (N = Chiang Mai)

13 5__,- fimbriata (N = Mae Hong Son, Chiang Mai, Phrae)

T.
T. fimbriata (N = Phitsanulok)
T. fimbriata (NE = Si Sa Ket)
T. ventralis (N = Phetchabun), (NE = Loei)
T. ventralis (N = Uttaradit)
T. thoracica (C = Kanchanaburi, Ratchaburi), (S = Song Khla, Surat Thani)
T. thoracica (C = Kanchanaburi)
T. terminata (C=RB), (E=CB), (N=CM, PY, PH, UD)
T. terminata (NE = Loei, Roi Et, Ubon Ratchathani)
T. collina (NE = Roi Et), (S = Surat Thani)
T. collina (S = Chumphon, Ranong)
T. collina (NE = Kalasin, Khon Kaen)
T. collina (NE = Khon Kaen)
T. collina (NE = KS, KK, NK, MS, RE)
T. collina (N = Phayao, Nan, Uttaradit)
T. collina (N = Phetchabun), (NE = Si Sa Ket)
T. collina (N =CM, MHS, PH, LP, PL, SK, TK), (NE = SR, NM, LO), (C = RB, KB) (E = CB, CHB)
T. collina (NE = Khon Kaen)
T. collina (C = Kanchanaburi)
T. laeviceps (C = Samut Songkharm)
T. laeviceps (S = Chumphon, Nakhon Si Thammarat, Surat Thani)
T. laeviceps (C = Ratchaburi)
T. laeviceps (N = Chiang Mai), (C = Saburi), (NE = Surin)
T. laeviceps (C = Kanchanaburi)
T. laeviceps (NE = Ubon Ratchathani, Si Sa Ket), (S = Phatthalung, Songkhla)
T. laeviceps (C = Prachuapkirikhan), (S = Surat Thani, Phuket)
T. laeviceps (N = Phitsanulok), (C = Nakhonsawan)
" T. laeviceps (N =NN, SK, PY), (C = AT, AY, SB), (NE = KK, MS, RE)
T. laeviceps (N = Chiang Mai)
T. laeviceps (NE = Surin), (C = Ayutthaya, Bangkok), (E = Chachongsao, Chanthaburi)

J‘ﬂ‘wﬁ 81 Heurestics test tree (bootstap 1000 replications) by using Winclada program (Nixon, K. C., 1999)
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1.6.2 Effects of bioactive of Thai propolis against the pathogenic bacteria

Abstract

Propolis is a resinous substance collected by the honeybee: Apis mellifera from the
plants, has different color from yellow green to dark brown depending on the plants as well
as pharmacological properties. The objective of this research was to determine effects of
bioactive compound (flavonoids) against the pathogenic bacteria isolated from the skin
disease of cats and dogs. Bacteria were collected from the skin diseases of cats and dogs
from Veterinary Hospital, Chiang Rai by swabbing technique. The three different
concentrations; 5, 20 and 30 (% w/v) of ethanolic extraction of propolis were prepared.
These different concentrations (5, 20 and 30%) of propolis against Staphylococcus
gallinarum, S. auricularis, S. felis, S. schleiferi, S. intermedius, and S. aureus and P.
diminuta were tested in in-vitro. The results show that S. gallinarum was highly sensitive to
all three different concentrations whereas S. felis was found less sensitive to 5, 20 and 30%
of EEP. The results show that 20 and 30 percentage has high zone of inhibition compared to
5 percentages. In conclusion, Thai propolis has antibacterial effect against seven species of

bacteria that cause skin diseased in small animals.

Introduction

Propolis is a resinous substance collected by the honeybee: Apis mellifera from the
plants, particularly from flowers and leaf buds. The propolis has different color from yellow
green to dark brown depending on the plants. More than 300 constituents have been
identified in different propolis samples (Bankova, et al., 2000). Generally, the propolis
contains 45-55% flavonoids, 25-35% waxes and fatty acids, 5% other organics and minerals
(Bankova, et al., 1987, Papay, et al, 1987). The propolis is commonly used in
dermatological and cosmetic (Lejeune et al., 1988). The propolis is also used as medicines
for anticancer (Marcucci, 1995), antiinflammatory (Wang, et al., 1993), antibiotic (Koo et al.,
2000), antioxidative (Basnet, et al., 1997; Moreno, et al., 2000), antivirus (Kujumgiev et al.,
1999; Marcucci, 1995), antifungus (Kujumgiev, et al., 1999; Thapa and Wongsiri, 2004),

antibacteria (Moreno, et al., 1999; Sforcin, et al., 2000). Skin diseases are usually caused
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by bacteria; Staphylococcus aureus and Streptococci species. Previous studies show that
the propolis can kill: S. aureus and Streptococci species (Chernyak, 1973; Dimov, et al.,
1991). Bacterial skin infection in dogs and cats is called Pyodermas, which is mainly
caused by Staphylococci species, can be controlled but not cured, and require frequent
treatment. There has been no research conducted to test the bioactive (antibacterial)
effects of Thai propolis against the skin diseases caused bacteria. It is an important to know
that whether Thai propolis has as antibacterial effect against the skin disease of dogs and

cats.

Objective
The main objective of this research was to -
® determine antibacterial effect of Thai propolis against of the pathogenic skin

disease of cats and dogs.

Methods
1. Propolis
Propolis samples were collected from Chiangsen, Chiang Rai, northern part
of Thailand.
2. Preparation of ethanolic extraction of propolis
Three different concentrations; 5, 20, and 30 (% w/v) of ethanolic extraction
of propolis (EEP) was prepared using 95% ethanol alcohol according to the guideline of a

FAQ bulletin (Krell, 1996).

3. Collection of bacteria
Bacteria were collected by swabbing the infected skin of three dogs and
cats from veterinary hospital, Rajabhat University, Chiang Rai.
4. In vitro antimicrobial activity test
Bacteria isolated from skin diseases were cultured at 37°C for 18-20 hour in
the nutrient broth. The sterile paper discs (6mm diameter) were impregnated in three
different concentrations 5, 20, and 30% of propolis and placed on the agar plates. The

ethanol alcohol (95%) and distilled water were used as control solvents. The plates were
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incubated at 37°C for overnight. The zone of inhibition (ZI) of bacterial growth was
measured by using a vernier caliper and photographed.
5. Statistical analysis
The ZI of each bacterial species was subjected to Analysis of variance
(ANOVA). Different among the samples, between samples and controls were determined by
LSD. A level of p<0.05 was used as criteria for statistical significance.

Results
1. Isolation and identification of bacteria

Seven types of pathogenic bacteria from skin diseases of dogs and cats
isolated is presented in Table 19. Six out of seven; Staphylococcus gallinarum, S.
auricularis, S. felis, S. schleiferi, S. intermedius, and S. aureus were gram-positive bacteria
and P. diminuta was a gram-negative bacteria. P. diminuta was occurred in both cats and

dogs.

Table19. Bacterial species isolated from diseased skin of cats and dogs.

Small animals Sampling sites Bacterial species
skin Staphylococcus gallinarum
Cats skin S. auricularis
skin S. felis
skin S. schleiferi
skin S. intermedius
Dogs skin S. aureus
Cats and Dogs skin P. diminuta

2. Antimicrobial activity of ethanolic extraction of propolis
The antimicrobial activity of 5, 20, and 30 percent of EEP against seven
species of pathogenic bacteria; S. gallinarum, S. auricularis, S. felis, S. schleiferi, S.
intermedius, S. aureus and P. diminuta is presented in Figure 85. S. gallinarum was found
highly activate (12.4mm) against three different tested concentrations than six other

species of bacteria; S. auricularis (9.7mm), S. felis (8mm), S. schleiferi (9.6mm),
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S.intermedius (9.1mm), S. aureus (8.8mm) and P. diminuta (9.2mm). However, there is
significant differences among the treatments (p>0.05), but significant different between

treatments and control (ethanol) (p<0.05).
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Figure 85. Effects of three different concentrations (% w/v) of ethanolic extraction of propolis
against seven pathogenic bacteria. Zone of inhibition of S. gallinarum, S. auricularis, S.
felis, S. schleiferi, S. intermedius, S. aureus and P. diminuta against 5, 20 and 30 percent of

EEP are expressed in mean+S.D.
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Discussion

This is a first report that Thai propolis has been tested against the pathogenic
bacteria of skin diseases of cats and dogs. The results show that the Thai propolis can
inhibit the growth of pathogenic bacteria; S. gallinarum, S. auricularis, S. felis, S. schleiferi,
S. intermedius, S. aureus and P. diminuta those caused skin diseases in cats and dogs.

The results show that Thai propolis inhibited both gram-positive and gram-negative
bacteria. The gram-positive bacteria are highly susceptible than grams-negative bacteria,
whereas the gram-negative bacteria is less susceptible. The results of this research support
the previous reports reported by several researchers (Marcucci, 1995; Kujumgiev, et al.,
1999) and weak activity against gram-negative bacteria (Sforcin et al., 2000).

One of the most interesting findings of this research is that Thai propolis can
successfully inhibit the growth of S. aureus. S. aureus, which is highly resistance to several
drugs, has shown sensitive to even to the lowest concentration (5%) of propolis. The zone of
inhibition of S. aureus (8.7mm) was however less than previous report reported from Kazan
(11mm) and Marmaris (8mm) (Kartal, et al., 2003). The most plausible explanation for the
difference between Thai propolis and Turkey is that the propolis from Kazan (Turkey) might
have different species of plant sources for propolis, so do the chemical composition than
the propolis from Chiangsen, Chiang Rai, Thailand. Even though, the propolis from the
same location in different seasons might have different chemical composition as a
consequence different zone of inhibition (Bankova, et al., 2000). Another different reason is
that (Kartal, et al., (2003) used 5 days ethanolic extraction of propolis whereas in this
research 24 hours ethanolic extraction of propolis was used. That's means, 24 hours
extraction is not enough to extract all biological activity hydrophobic components.
Resulting, Thai propolis shows less qualitatively and/or quantitatively bioactive compounds
than Turkey propolis. S. aureus, however, had large zone of inhibition than Marmaris

propolis.
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Conclusion

Thai propolis has shown antibacterial effect against seven pathogenic bacteria; S.
gallinarum, S. auricularis, S. felis, S. schleiferi, S. intermedius, S. aureus and P. diminuta
isolated from skin diseases of cats and dogs. One species o bacterium; S. gallinarum has
found highly sensitive to the lowest test concentration (%w/v), whereas S. felis out of seven

has found more resistance to all three different concentrations.
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6.3 Reinforcing a barrier-a specific social defense of the dwarf honeybee (Apis florea)

released by the weaver ant (Oecophylla smaragdina)

In the arboreal habitat of Apis florea one of the dominant insectivorous predators is
the weaver ant, Oecophylla smaragdina. The main mechanism of A. florea to protect its nest
against ants and other crawling arthropods are “barriers” of sticky material (sticky bands)
which the bees build around the branches and all structures which connect the comb to the
outside. We studied whether the presentation of an O. smaragdina ant on the comb
releases a specific behavioral response of the bees. After the exposure of a living O.
smaragdina worker, held by forceps on the top of the A. florea comb, the number of bees at
the sticky band zone increased and remained on higher level for 2 hours compared to
control experiments (presentation of an empty forceps, Tenebrio molitor larva or another
arboreal ant species, Crematogaster rogenhoferi). Further, more sticky material was

deposited by the bees after exposure of a weaver ant. This behavior seems to be a specific
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reaction of A. florea to it most important predator O. smaragdina. (Duangphakdee et al.,

2005)

1.7 Bumble bees (hymenoptera, apidae, bombinae) of the upper northern parts of
Thailand

Bumblebees are social insects that are characterized by black and yellow body
hairs, often in bands found in the mountainous areas. We have investigated that the number
of species of bumblebees in the northern parts of Thailand particularly from Chiang Mai (Doi
Inthanon, Doi Suthep, Doi Pui, Chiang Doi, Doi Inching), Chiang Rai (Doi Mae Salon, Doi
Tong, Doi Nygem) and Nan. The specimens were caught and chilled in an ice-cooler box.
After 20 minutes of chilling, the specimens were examined. The results show that three
species of bumblebees; B. haemorrhoidalis, B. trifasciatus, and B. breviceps were found in

the mountainous of the upper northern parts of Thailand. (N1ANYAN 3)
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ABSTRACT - Stingless bee (Trigona sp.) need pollen as food source for growth of
colony. The number of colony depends on available supply of melliferous species. We
studied morphology of pollen from hive-returning stingless bee pollen load and analyzed
the plant community in the deciduous forest of Queen Sirikit Botanic Garden, Chiang Mai
provinec, Thailand. The Trigona collina Smith. visited 18 from 70 flowering species
around the year. These pollen florae were Litchi (Litchi chinensis Sonn.), Tin tukkae
(Tridax procumbens L.), Plao yai (Croton roxburghii N.P. Balakr.), Rok faa (Terminalia
alata Heyne ex Roth), Phang rae yai (Trema orientalis (L.) Blume), Chaa paen (Callicarpa
arborea Roxb.), Kamlung suea khrong (Betula alnoides Buch.-Ham. ex G. Don), Phrik
(Capsicum frutescens L.), Arang (Peltophorum dasyrachis (Miq.) Kurz), Thalo (Schima
wallichii (DC.) Korth.), Maiyarap ton (Mimosa pigra L.), Po lom pom (Thespesia lampas
(Cav.) Dalz. & Gibs.), Khaa hot (Engelhardtia serrata Blume), Ya yung (Capillipedium
parviflorum (R.Br.) Stapf), Sieo dok khaao (Bauhinia variegata L.), Kaafaak (Scurrula
sp.), Graminae and Verbenaceae. The flora species visited by the stingless bees was not
related with the importance value index (IVI) and density of the given species. The result
suggests that there is the preference behavior of pollen collection for the stingless bee. This
information is useful for monitoring and conservation management of this bee species.

Key words : Stingless bee, Trigona collina, melliferous plants, palynology, pollen load,
importance value index

1. Introduction

Stingless bee is important for crop pollinations in Thailand, beside other bee
pollinators such as asian bee (Apis cerana F.), giant bee (Apis dorsata) and european bee
(Apis mellifera). Twenty four Trigona species are recorded in Thailand (Saiboon, 1996),
including Trigona collina Smith. In the past, the stingless bees were widely distributed
around the country. However, due to an increase of human being population and
modernization, the reduction of forest fragments largely spreads throughout the country,
the number of the bee colony rapidly undergoes an extinction process (Pechhacker et. al,
1991, Pechhacker and Juntawong, 1994) and the beekeeper preferred to keep the
domesticated european honey bee more than the asian honey bee (Wongsiri and Chen
(1995).



Nowadays, stingless bee species in Thailand can be apparently found in protected
national park such as Queen Sirikit Botanic Garden (QSBG), Chiangmai province because
of the tremendous availability of pollen and nectar sources. The QSBG located in Doi Pui-
Suthep national park between 19-20 °N latitude and 91-92 °N longitude and covered with
common species of Dipterocarpaceae. However, the melliferous plant species for the
stingless bee have never been surveyed in the QSBG area.

Vorwohl (1954) used the pollen-honey analysis to identify the botanical and
geographical origin of nectar plants. Juntawong and Pechhacker (1991) analyzed the
pollen in honey sac of european bee (Apis mellifera) to determine the nectar plant source
whereas the pollen from hair body of the bee was observed by Cotmee (1999). Bastos et al.
(2004) determined 14 honey bee (Apis sp.) pollen loads in the states of Sao Paulo and
Minas Gerais, Brazil and several pollen types were identified. Eucalyptus (Myrtaceae) and
Eupatorium (Asteraceae) pollen types were the most common among those sampled. The
nondestructive analysis of honey by Raman spectroscopy is alternatively used to identify
the floral origin of honey (Good et al.,, 2002). Nevertheless, this highly specialized
mellisopalynological technique costs expensively. Sriputachat (1972) reared Apis cerana
Far. at Sakaerat forest, Nakorn Ratchasima Province, Thailand and found that the majority
of the pollen collected came from Pterocarpus macrocarpus Kurz (Family Leguminoceae).

In this paper we analyzed pollen loads from hive-returning stingless bee to survey
and identify plants which the bee used pollen as food source. It also aims to identify the
relationship among the available plant species and its relative importance. This study
focused on the assessment of pollen plants in Queen Sirikit Botanic Garden in northern
Thailand as a case study. The inventory directory of melliferous plant species is illustrated.
This information will be useful for the future improvement of cultural practice and
management of stingless bees in Thailand.

2. Materials and Methods

Study area : The decidous forest at Queen Sirikit Botanic Garden (QSBG), Chiangmai was
selected as a model site for the study. The forest is still virgin, located between 18 54 57
°N, 98 51 11 °S and 18 55 43 °N, 98 48 47 °S and the elevation between 750-1,030 m
from mean sea level (MSL) (Figure 1), never fired.

Stingless bee species : The Trigona collina Smith stingless bee colony was selected for
the study. The bee hive located at 18 54 55 °N and 98 51 13 °S and at the elevation 1,000
m from mean sea level.

Pollen load study : Ten pollen loads from the stingless bees were collected monthly during
9-11.00h around the year by trapping the hive-returning bees in front of the hive with small
plastic bags. The pollen loads were then transferred to a small glass vial and kept in
refrigerator for further analysis. In the laboratory, the pollen were acetolyzed according to
the method of Erdtmann (1961). The triplicates of permanent slides were prepared by the
paraffin method (Johannsen, 1942) for Olympus light microscopic observation. The
sculpturing structures of the pollen were studied with JACSCO scanning electron
microscope.
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Figure 1. Study area in deciduous forest, Queen Sirikit Botanic Garden (QSBG), Chiangmai province
between 18 54 57-18 55 43 °N and 98 48 47-98 51 11 °S, altitude at 750-1,030 m from mean see level.



Figure 2. Trigona collina Smith stingless bee hive under termite hive in the study area
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Figure 2. Trigona collina Smtih stingless bee hive under termite hive in study area

Flowering plant collection : An inventory of blooming plant was carried out along the
walking way from the base (750 MSL) to the hill direction (1,030 MSL) at ca. 2 km
distance, 50 m widely apart from each sides. Blooming was recorded every months. Plant
specimens with flower and pollen were collected as the same time as the collection of
pollen load from the hive-returning stingless bees. Herbariums and permanent slides of
the pollen from these plants were prepared, as described above, to compare the
morphology with the stingless bee pollen’s load. This will answer the question, among
the inventoried species which are the most reported species as pollen source for stingless
bee.

Plant community analysis : Three 20x50 m? quadrates in the study area were randomly
selected for floristic compositional study according to Shimwell (1971). Each quadrate
was divided into ten sub-quadrates of 10x10 m, were measured the diameter of all trees at
1.3 m from the ground (DCH-diameter at chest height). Only the trees with DCH from 15
cm up were considered. Density (D), Frequency (F), Dominance (Do) and Importance
Value Index (V1) of the trees were calculated using Microsoft Excel (Version 2002) from
the following equations :

1) Density, D
Relative Density, RD

2) Frequency of a species, F
Relative Frequency, RF

3) Dominance of a species, Do
Relative Dominance, RDo

4) Importance Value Index, IVI

Total number of individuals/area sampled
(Density of a given species/sum of densities of all species)x100

Total number of quadrats in which a species occurs/total number of quadrats examined
(Frequency of a given species/sum of frequency of all species)x100

Total percent cover of a species/total area sampled

Dominance of a species/sum of the dominance of all species

RD + RF + RDo

The structural parameters of the plant community were correlated with the pollen
plants for stingless bee to obtain answers whether there is a relationship between pollen
plants and the dominance, density and frequency and importance value index of the
species or not.

A linear regression analysis was applied to identify the correlation between the
number of pollen plants and number of flowering species and its dominance, density and
frequency and importance value index.



174

3. Results

Flowering plant collection
A total amount of 70 accessions of flowering plants were inventoried around the year in
QSBG and classified into 33 families, 57 genus and 70 species (Table I).

Pollen load study

Of the 70 inventoried flowering species, by comparing to the morphology of pollen, 18
species were found from the pollen load (Table Il and Figure 3-21). Among the known
species, the Thalo (Schima wallichii (DC.) Korth.) and Arang (Peltophorum dasyrachis
(Mig.) Kurz) were frequently observed in the samples from March, April and June.
Interestingly, no pollen was collected between July-September. In October, 80.5% of
pollen came from Maiyarap ton (Mimosa pigra L). In November 2003, the Gramineae
pollen was predominantly found in pollen load. Khaa hot (Engelhardtia spicata Blume)
was a dominant species in December. The number of pollen species in the pollen load
increased during December-January. The most important pollen source in February came
from Litchi (Litchi chinensis Sonn.). The number of pollen species (y) did not correlate
with the number of flowering species (x) (y = 0.0181x + 1.9063, R* = 0.006, p > 0.05)
(Table I1).

Plant community analysis

Thirty six tree species with DCH > 15 cm were recorded in 20x50 m* quadrates area (Table
[11). Only four species of pollen plants for stingless bee, Rok faa (Terminalia alata Heyne
ex Roth), Chaa paen (Callicarpa arborea Roxb.), Thalo (Schima wallichii (DC.) Korth.)
and Khaa hot (Engelhardtia serrata Blume), were observed in the quadrates area with the
density of 0.3, 0.1, 0.07 and 0.03 plants/m?, respectively. Families that presented higher
value for density, frequency, dominance and importance value index were not the same one
found in pollen load. The importance value index did not correlate with the percent of
pollen of the same species in pollen load (p > 0.05) (Figure 22).

4. Discussion

In the study area the blooming species were found around the year (Table I, 1)
even in July, August and September. However, during July-September, there was not
much flights activity and no pollen load was found on the hive-returning stingless bee.
This is because it is in rainy season in Thailand. As reported, high humidity and lower
temperature outside the hive obstructs foraging activity of the bees. No correlation
between the number of pollen species found in pollen load and the number of blooming
species (Table I1). This indicates that the preferential behavior of pollen collection exists
in the bee.

Among the inventoried species, Thalo Schima wallichii (DC.) Korth.), Phrik
(Capsicum frutescens L.), Maiyaraap ton (Mimosa pigra L.), Khaa hot (Engelhardtia
spicata Blume), Rok faa (Terminalia alata Heyne ex Roth) and Litchi (Litchi chinensis
Sonn.) are the most reported species as pollen source for stingless bee.

Although the number of melliferous species is limited (18 species), compared to
the total blooming species (70 species), we expect that the number of pollen plants should
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be more than observed. Three reasons can be implied the result. Firstly, because the
pollen morphology is closely similar to each others, this makes the difficulty for the

identification. Second, due to the line transect sampling method, not all flowered species
in the area were collected. Some species locates in the deep volley area where we could
not go through. Thirdly, because the pollen load was colleted from hive-returning
stingless bee between 9.00-11.00h, however, various plant species bloomed in the
afternoon.

In the study area the forest type was dipterocarp which consisting mainly of Ko
phae (Quercus kerrii Craib), Teng (Shorea obtusa Miqg.), Yaang hiang (Dipterocarpus
obtusifolius Teijsm. ex Miq.), Yaang phluang (Diptrocarpus tuberculatus Roxb.), Mueat
lot (Aporusa villosa (Wall. ex Lindl.) Baill.) and Kwaao (Haldina cordifolia (Roxb.)
Ridsdale). These predominant species present the greatest number of dominance, density,
frequency and importance value index (Table Ill). However, there is no correlation
between these species and the species of pollen collected by the Trigona collina Smith
stingless bee.
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Table I

Lists plant species which flowered around the year in the deciduous forest, Doi Monrong, Queen Sirikit Botanic
Garden. The pollens were collected and analyzed to compare with the pollens in pollen loads of Trigona collina

Smith stingless

AIIC; Family Genus/species Local name Flg:g:(r)zjng Habitat Reference
191 Anacardiaceae Buchanania lanzan Spreng. Mamuang hua maeng wan  Dec-Mar T BKF 067647
194  Anacardiaceae Gluta usitata (Wall.) Ding Hou Rak yai Nov-Mar T BKF 049231
200 Anacardiaceae Spondias pinnata (L.f.) Kurz Ma kok Dec-May T BKF 026355
377 Apocynaceae Holarrhena pubescens Wall. ex G. Don Mok yai Mar-May T BKF 037046
233  Burseraceae Garuga pinnata Roxb. Ta khram Feb-Apr T BKF 017689
287 Burseraceae Protium serratum Engl. Ma faen Jan-Apr T BKF 063802
351 Caesalpiniaceae  Peltophorum dasyrachis (Miq.) Kurz Arang Mar-Apr T BKF 037998
620 Celastraceae Lophopetalum duperreanum Pierre Song salueng Jun-Aug T BKF 040639
380 Combretaceae Quisqualis indica L. Lep mue naang Mar-May T BKF 009984
283 Combretaceae Terminalia bellirica (Gaertn.) Roxb. Samo phi phek Feb-Apr T BKF 008511
436 Combretaceae Terminali alata Heyne ex Roth Rok faa Jan-Jun T BKF 003696
627 Compositae Tridax procumbens L. Teen tukkae Dec-Feb H BKF 008520
633 Compositae Mikania cordata (Burm.f.) B.L.Rob. Khee kai yaan Oct-May H BKF 052790
634 Compositae Ageretum conyzoides L. Saapraeng saapkaa Dec-Feb H BKF 037342
601 Convolvulaceae  Argyreia kerrii Kerrii Khruea phuu muang Sep-Nov C BKF 112016
193  Dilleniaceae Dillenia ovata Wall. ex Hook.f & Thom.  Saan bai lek Feb-May T BKF 133514
250 Dilleniaceae Dillenia pentagyna Roxb. Saan naa Jan-May T BKF 063766
211 Dipterocarpaceae Shorea roxburghii G.Don Phayom Dec-Mar T BKF 003802
251 Dipterocarpaceae Shorea siamensis Miq. Rang Jan-Mar T BKF 016287
248 Dipterocarpaceae Dipterocarpus tuberculatus Roxb. Phluang Dec-Apr T BKF 063671
549  Ericaceae Craibiodendron stellatum (Pierre) W.Sm.  Taa-chee-khoei Aug-Nov T BKF 045840
106  Euphorbiaceae Croton roxburghii N.P.Balakr Plao yai Nov-Feb T BKF 042315
192 Euphorbiaceae Aporosa villosa (Wall. ex Lindl.) Baill. Mueat lot Jan-Mar T BKF 033217
357 Euphorbiaceae Antidesma acidum Retz. Mamao Apr-Jul S BKF 045834
364 Euphorbiaceae Antidesma bunius (L.) Spreng. Mamao dong Mar-May S BKF 009595
478 Euphorbiaceae Antidesma sootepense Craib Mamao saai May-Jul S BKF 002176
441 Euphorbiaceae Flueggea virosa (Roxb. ex Willd.) Voigt ~ Kaangplaa khaao May-Jun S BKF 069888
600 Euphorbiaceae Bridelia tomentosa Blume Seefan krabue May-Dec S BKF 009098
252  Fabaceae Dalbergia oliveri Gamble Chingchan Jan-May T BKF 010691
378 Fabaceae Butea superba Roxb. Kwaao khruea Mar-May C BKF 116415
555 Fabaceae Codariocalyx motorius (Houtt.) Ohashi Choi naang ram Aug-Sep H BKF 067679
612 Fabaceae Dunbaria bella Prain Khaang khrang Sep-Jan C BKF 055792
190 Fagaceae Lithocarpus lindleyanus (Wall.) A.Camus Ko daang Apr-May T BKF 004488
210 Fagaceae Castanopsis indica L. Ko lim Jan-Mar T BKF 011684
284 Fagaceae Castanopsis diversifolia (Kurz) King Ko paen Jan-May T BKF 005860
404 Fagaceae Castanopsis hystrix A.DC. Ko daeng Jan-May T BKF 093266
411 Fagaceae Castanopsis ferox (Roxb.) Spach Ko lame Jan-May T BKF 104865
244  Fagaceae Quercus ramsbottomii A.Camus Ko talab Mar-Apr T BKF 010740
425 Fagaceae Quercus vestita Rehder & Wills. Ko aep Dec-Feb T BKF 102667
550 Fagaceae Quercus kingiana Craib Ko daeng Nov-Jan T BKF 002428
613  Gentianaceae Exacum tetragonum Roxb. Yaa liam Nov-Dec H BKF 005045
199  Gramineae Dendrocalamus strictus (Roxb.) Nees Phai saang Feb-Mar H BKF 019206
621 Gramineae Capillipedium parviflorum (R.Br.) Stapf ~ Yaa yung Nov-Dec H BKF 034131
383  Guttiferae Cratoxylum formosum (Jack) Dyer Tiu khon Jan-May T BKF 004357
206 Juglandaceae Engelhardtia spicata Blume Khaa hot Dec-Jan T BKF 092498
526 Labiatae Tectona grandis L.f. Sak Jun-Oct T BKF 005997
350 Labiatae Callicarpa arborea Roxb. Chaa paen Jan-Jul S BKF 002014
247  Malpighiaceae Hiptage benghalensis (L.) Kurz Kamlang chaang phueak Jan-Feb S BFK 029889
438 Malvaceae Abelmoschus moschatus Medic. Som chabaa Mar-Apr H BKF 046795
22 Mimosaceae Mimosa pundica L. Maiyaraap Jan-Dec H BKF 070326
51 Mimosaceae Mimosa pigra L. Maiyaraap ton Nov-Jun S BKF 059406
217 Mimosaceae Xylia xylocarpa (Roxb.) Taub. Daeng Feb-Apr T BKF 016289
196 Myrtaceae Syzygium glaucum Chantar & J.Parn. Daeng Feb-Apr T BKF 068467
445 Myrtaceae Syzygium fruticosum DC. Waa khee kwaang Feb-Apr T BKF 001118
602 Orobanchaceae  Aeginetia indica Roxb. Dok din daeng Aug-Oct H BKF 122305
209 Palmae Phoenix acaulis Roxb. Peng bok Feb-Mar T BKF 071998
434 Proteaceae Helicia nilagirica Bedd. Mueat khon tua phuu Jan-Feb S BKF 048140
215 Rhamnaceae Ziziphus rugosa Lam. Ma khwat Feb-Apr S BKF 017573
373 Rhamnaceae Gardenia sootepensis Hutch. Kham mok luang Mar-Jul T BKF 017513
440 Rhamnaceae Pavetta petiolaris Wall. ex Craib Khem phae May-Jun S BKF 024758
282  Sapindaceae Schleichera oleosa (Lour.) Oken Ta khro Jan-Apr T BKF 007671
222 Sapindaceae Litchi chinensis Sonn. Linchee Feb-Apr T BKF 080768
557  Stemonaceae Stemona collinsae Craib Non taai yaak Aug-Sep C BKF 077197



245  Sterculiaceae Firmiana colorata (Roxb.) R.Br. Po huu chaang Feb-Apr T BKF 017242
376  Strychnaceae Strychnos nux-blanda A.-W. Hill Salaeng chai Feb-Mar S BKF 001750
249  Symplocaceae Symplocos racemosa Roxb. Mueat hom Nov-Feb T BKF 024912
348 Theaceae Schima wallichii (DC.) Korth. Tha lo Jan-Apr T BKF 000267
198 Theaceae Anneslea fragrans Wall. Saaraphee paa Nov-Feb T BKF 047588
435 Tiliaceae Grewia lacei Drumm. ex Craib Naat nok May-Jun S BKF 003869
360 Tiliaceae Grewia eriocarpa Juss. Po yaap Jul-Sep T BKF 005912

Abbreviations : C = climber, S = shrub, T = tree, H = herb, BKF = Bangkok Royal Forestry Department Herbariums



Table I1

Number of plant species which supplied pollen as food source for Trigona collina Smith and percent of pollen of
each species in pollen loads between April 2003-March 2004

Flowerin No. species
Month Year . *g in pollen Plant species Pollen (%)
species
load
April 2003 30 2 Thalo (Schima wallichii (DC.) Korth. : Tcio **) 89.9
Arang (Peltophorum dasyrachis (Miq.) Kurz : tco) 10.1
May 2003 21 1 Phrik (Capsicum frutescens L. : Tcg) 100.0
June 2003 14 2 Thalo (Schima wallichii (DC.) Korth. : tci0) 90.8
Arang (Peltophorum dasyrachis (Miq.) Kurz : tc9) 9.2
July 2003 13 - No pollen load -
August 2003 18 - No pollen load -
September 2003 5 - No pollen load -
October 2003 8 3 Maiyaraap ton (Mimosa pigra L. : Tc11) 80.5
Po lom pom (Thespesia lampas (Cav.) Dalz. & Gibs. : TC12) 12.8
Verbenaceae (Tci8) 6.7
November 2003 14 2 Gramineae (tc17) 97.8
Po lom pom (Thespesia lampas (Cav.) Dalz. & Gibs. : 1C12) 22
December 2003 12 4 Khaa hot (Engelhardtia spicata Blume : tc13) 77.8
Ya Yung (Capillipedium parviflorum (R.Br.) Stapf: tc14) 12.0
Kaafaak (Scurrula sp. : tci6) 8.9
Sieo dok khaao-like (Bauhinia variegata L. : tC15) 1.3
January 2004 20 9 Rok faa (Terminalia alata Heyne ex Roth : Tc4) 23.1
Gramineae (Tc17) 15.7
Cha paen (Callicarpa arborea Roxb. : Tce) 15.4
Tin Tukkae (Tridax procumbens L. : Tc2) 12.9
Kamlung suea Khrong-like (Betula alnoides Buch.-Ham. ex G.Don : Tc7)  10.7
Phang rae yai (Trema orientalis (L.) Blume : 1c5) 10.0
Phrik (Capsicum frutescens L. : Tc8) 8.1
Litchi (Litchi chinensis Sonn. : TC1) 2.2
Plao yai (Croton roxburghii N.P.Balakr. : Tc3) 1.9
February 2004 40 2 Litchi (Litchi chinensis Sonn. : TC10) 99.9
Plao yai (Croton roxburghii N.P.Balakr. : Tc3) 0.1
March 2004 33 2 Thalo (Schima wallichii (DC.) Korth. : tci0) 85.9
Arang (Peltophorum dasyrachis (Miq.) Kurz : tc9) 14.1
228 27

*  Due to the overlapping of flowering period, some flowering species were repeatedly counted to give the total summary
of 228 instead of 70 actual flowering species (Table I) and 27 instead of 18 actual species in pollen load.

* % TC10 means pollen from Trigona collina Smith, code no. 10



Plant species with DCH > 15 cm in the deciduous forest at Doi Mon Rong, Queen Sirikit Botanic Garden, Chiang

Mai province.

Table IIT

Plant species Local name D F Do RD RF RDo IVI
Quercus kerrii Craib Ko phae 1.83 0.73 0.000524 1549 11.06 20.25 46.80
Shorea obtusa Miq. Teng 197 0.70 0.000391 16.62 10.55 15.11 42.28
Dipterocarpus obtusifolius Teijsm. ex Miq.  Yaang hiang 097 050 0.000428 8.17 7.54 1653 32.24
Diptrocarpus tuberculatus Roxb. Yaang phluang 093 040 0.000328 7.89 6.03 12.66 26.58
Aporusa villosa (Wall. ex Lindl.) Baill. Mueat lot 127 0.70 0.000081 10.70 10.55 3.13 24.38
Haldina cordifolia (Roxb.) Ridsdale Kwaao 0.83 043 0.000215 7.04 653 831 21.88
Wendlandia tinctoria (Roxb.) DC. Khaeng kwaang 0.60 040 0.000034 5.07 6.03 130 12.40
Terminalia alata Heyne ex Roth Rok faa 0.30 027 0.000104 2.54 402 4.02 10.58*%
Anneslea fragrans Wall. Saaraphee paa 0.37 020 0.000063 3.10 3.02 244 8.56
Craibiodendron stellatum (Pierre) W.Sm. Taa-chee-khoei 0.33 0.23 0.000039 2.82 352 149 7.83
Lithocarpus sootepensis (Wall.) A.Camus Ko hua muu 023 023 0.000038 197 352 147 6.96
Shorea siamensis Miq Rang 020 0.17 0.000043 1.69 251 1.65 5.85
Xylia xylocarpa Taub. Daeng 0.17 0.17 0.000043 141 251 1.66 5.58
Colona flagrocarpa (C.B.Clarke) Craib Po yaap 023 0.17 0.000028 197 251 1.06 5.54
Gluta usitata (Wall.) Ding Hou Rak yai 0.17 0.17 0.000033 141 251 127 5.19
Flemingia sootepensis Li Kaa saam peek 0.13 0.13 0.000010 1.13 201 040 3.54
Bombax anceps Pierre var. anceps Ngiu paa 0.07 0.07 0.000049 0.56 1.01 190 3.47
Diospyros ehretioides Wall. ex G.Don Ruean kwaang 0.13 0.10 0.000012 1.13 151 044 3.08
Schima wallichii (DC.) Korth. Tha lo 0.10 0.07 0.000027 0.85 1.0l 1.06  2.92%
Dalbergia cultrata Grah. ex Benth. Kraphee khao khwaai 0.10 0.10 0.000012 0.85 151 046 2.82
Terminalia chebula Retz. Samo Thai 0.10 0.10 0.000010 0.85 151 040 2.76
Vaccinium sprengelii (G.Don) Sleumer Som pae 0.10 0.07 0.000016 0.85 1.01 0.64 2.50
Gardenia sootepensis Hutch. Kham mok luang 0.10 0.07 0.000006 0.85 1.01 023 2.09
Dillenia pentagyna Roxb. Saan chaang 0.07 0.07 0.000004 0.56 1.01 0.17 1.74
Engelhardtia spicata Blume Khaa hot 0.07 0.07 0.000004 0.56 101 0.16 1.73*
Dalbergia oliveri Gamble Chingchan 0.10 0.03 0.000007 0.85 050 028 1.63
Cratoxylum cochinchinense (Lour.) Blume  Tiu kliang 0.07 0.03 0.000009 0.56 050 0.34 1.40
Careya sphaerica Roxb. Kradon 0.03 0.03 0.000015 0.28 050 0.8 1.36
Callicarpa arborea Roxb. Chaa paen 0.03 0.03 0.000004 0.28 050 0.16 0.94*
Shorea roxburghii G. Don Phayom 0.03 0.03 0.000003 0.28 050 0.13 091
Markhamia stipulata Seem. Khae haang khaang 0.03 0.03 0.000002 0.28 050 0.06 0.84
Strychnos nux-blanda A.-W. Hill Tuumkaa khaao 0.03 0.03 0.000002 0.28 050 0.06 0.84
Castanopsis hystrix A. DC. Ko daeng 0.03 0.03 0.000001 0.28 050 0.05 0.83
Phyllanthus emblica L. Makhaam pom 0.03 0.03 0.000001 0.28 050 0.03 0.81
Buchanania lanzan Spreng. Mamuang hua maeng wan ~ 0.03 0.03 0.000001 0.28 0.50 0.02 0.80
Ziziphus rugosa Lamk. Ma khwat 0.03 0.00 0.000002 0.28 0.00 0.06 0.34
Total 36 11.83 6.63  0.0026 [100.00 100.00 100.00 300.00

Use categories : D = Density, F = Frequency, Do = Dominance, RD = Relative Density, RF = Relative Frequency, RDo = Relative
Dominance and IVI = Importance Value Index.

* = Visited by 7. collina Smith



Figure 3. Litchi (Litchi chinensis Sonn) pollen (Code TC1), Sapindaceae, LM : A) polar view, 40x, B)
polar view, 100x, C) equatorial view, 40x, SEM : D) tricolporate pollen (500x) and E) striate exine
sculpturing (1,300x). Pollen descriptions : Monad, tricolporate, isopolar, radial symmetry, polar
view : peroblate, equatorial view : circular, large grain; equatorial axis 55 — 70 pm, exine thickness 3
pm, sexine 2 um, nexine 1 pum, striate exine sculpturing



Figure 4. Tin Tukkae (Tridax procumbens L.) pollen (Code TC2), Compositae, LM 100x : A)
polar view, B) equatorial view, C) tricolporate aperture, SEM 3,000x : D) aperture and echinate
sculpturing. Pollen descriptions : Monad, stephanocolporate aperture, isopolar, radial
symmetry, oblate-spheroidal to suboblate in polar view, circular in equatorial view, medium
grain, polar axis 21.88 - 23.67 um in length, equatorial axis 26.81 — 29.65 um, exine thickness
2 um, sexine and nexine 1 um, scabrate exine sculpturing (<1 pm) and eclinate (2.5 — 3 pm x
4 -5 um



(A) (B)

Figure 5. Plao yai (Croton roxburghii N.P. Balakr.) pollen (Code TC3), Euphorbiaceae, LM 40x :
A, B) spheroidal, SEM 2,300x : C) exine sculturing. Pollen descriptions : Monad, inaperturate,

apolar, radial symmetry, spheroidal, large grain, diameter 60-70 um, croton type exine
sculpturing



Figure 6. Rok Pha (Terminalia alata Heyne ex Roth) pollen (code TC4), Combretaceae, LM

100x : A) equatorial view, B) polar view, SEM : C) polar view (3,000x) and D) equatorial view
(3,500x) Pollen descriptions : Monad, heterocolpate, isopolar, radial symmetry, polar axis :
prolate-spheroidal, equatorial axis : (amb.) semiangular, medium grain, polar axis 26.2-29.3 um,
equatorial axis 24.4-29.2 um, exine thickness 2 pm, striato-reticulate exine sculpturing

10



Figure 7. Pang lae yai (Trema orientalis (L.) Blume) pollen (code TC5), Ulmaceae, LM 100x : A)
equatorial view, B) polar view, SEM : C) polar view (7,000x) and D) equatorial view (3,000x).
Pollen descriptions : Monad, stephanopolate, isopolar, radial symmetry, polar view : oblate —
spheroidal, equatorial view : (amb.) rectangular, small grain, polar axis 22.1 pm in length,
equatorial axis 24.0 um, exine thickness 1 um, regulate exine sculpturing

11



Figure. 8 Cha paen (Callicarpa arborea Roxb.) pollen (code TC6), Labiatae, LM 100x : A)
equatorial view, B) polar view, C) reticulate sculpture, SEM 4,000x : D) polar view and E)
equatorial view._ Pollen descriptions : Monad, tricolpate, isopolar, radial symmetry, polar
view : spheroidal, equatorial view : (amb.) inter — semiangular, small grain, polar axis length
24.1 pm, equatorial axis 24.5 pm ; exine thickness 2.5 pum, sexine % of exine and nexine
Y4 of exine, finely reticulate exine sculpturing
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Figure 9. Kamlung suea Khrong (Betula alnoides Buch. — Ham. ex G.Don) pollen (code TC7),
Betulaceae, LM 100x : A) equatorial view, B) polar view, C) triporate aperture, SEM : D) exine
sculpturing (3,000x) and E) aperture (2,500x). Pollen descriptions: Monad, triporate, isopolar,
radial symmetry, polar view : oblate — spheroidal, equatorial view : [ amb.] semiangular, small
grain, polar axis length 20.6 pum and equatorial axis 21.1 pm, exine thickness 1 pm.

13



Figure 10. Prik (Capsicum frutescens L.) pollen (code TC8), Solanaceae, LM 100x : A) equatorial
view, B) polar view, SEM 3,500x : ¢) tricolporate aperture and exine sculpture. Pollen
descriptions : Monad, tricolporate; isopolar, radial symmetry, polar view : prolate-spheroidal or
spheroidal, equatorial view : (amb.) semiangular, small grain, polar axis 21.2-24.9 pm, equatorial
axis 18.9-22.4 um, exine thickness 1.6 um
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A

Figure. 12 Arang (Peltophorum dasyrachis (Miq.) Kurz) pollen (code TC9), Caesalpiniaceae,
LM 100x : A, B) polar view, C) equtorial view, SEM : D) polar view (1,900x), E) equatorial
view (1,800x) and F) lopho-reticulate exine sculpture (2,000x). Pollen descriptions : Monad,
tricolporate, isopolar, radial symmetry, polar view : spheroidal, equatorial view : (amb.) circular,
medium grain, polar axis 50.1 pum, equatorial axis 49.9 um, exine structure not clear, lopho-
reticulate exine sculpturing
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Figure 13. Thalo (Schima wallichii (DC.) Korth.) pollen (code TC10), Theaceae, LM 100x : A,
B) polar view, C) equtorial view, SEM : D) polar view (2,500x) and E) equatorial view
(3,000x) with finely reticulate exine sculpturing. Pollen descriptions : Monad, tricolpolate,
isopolar, radial symmetry, polar view : spheroidal or oblate-spheroidal, equatorial view :
(amb.) circular, medium grain, polar axis 28.1-35.1 um, equatorial axis 32.1-39.7 pum, exine
thickness 2 um, sexine 1.5 um, nexine 0.5 pm, finely reticulate exine sculpturing
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Figure 14. Maiyarap (Mimosa pigra L.) pollen (code TC11), Mimosaceae, LM : A) tetrad
pollen (40x), B, C) apolar and asymmetry (100x ) and D) rhomboidal shape (100x). Pollen
descriptions : Tetrads, apolar and asymetry, rhomboidal shape, medium grain, 29x37 pm in
size, exine thickness 1 pm, scrabate exine sculpturing
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Figure 15. Po lom pom (Thespesia lampas (Cav.) Dalz. & Gibs.) pollen (code TC12),
Malvaceae, LM : A) spheroidal shape (40x), B) periporate aperture (100x), SEM : C) ,
scabrate and baculate exine sculpturing (900x). Pollen descriptions : Monad, periporate,
apolar, radial symmetry, spheroidal and circular, large grain, 80-90 um diameter, exine
thickness 4 um, scabrate and baculate (4.1x9.2 um) exine sculpturing
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Figure. 16 Kha hot (Engelhardtia spicata Blume) pollen (code TC13), Juglandaceae, LM
100x : A) quatorial view, B) polar view, SEM : C) triporate aperture (4,000x) and D)
scabrate exine sculpturing (5,000x). Pollen descriptions : Monad, triporate, isopolar and
radial symmetry, polar view : oblate-spheroidal, equatorial view : (amb.) circular, small
grain, polar axis 17.5 um, equatorial axis 19.6 um, exine thickness 1.5 pum and scabrate
exine sculpturing
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Figure 17. Ya yung (Capillipedium parviflorum (R.Br.) Stapf.) pollen (code TC14),
Gramineae, LM 100x : A) equatorial view, B) polar view, SEM : C) monoporate

aperture (2,500x) and D) scabrate exine sculpturing with annulus (10,000x). Pollen
descriptions : Monad, monoporate, heteropolar and bilateral symmetry, polar view
spheroidal, equatorial view : (amb.)circular, medium grain, polar axis 26.4-27.9 um,

equatorial axis 26.6-28.6 um, annulus 3 pum, exine thickness 2um, scabrate exine
sculpturing
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Figure. 19 Sieo dok khaao (Bauhinia variegata L.) pollen (code TC15), Caesalpiniaceae, LM
100x : A) polar view, B) tricolpate aperture, C) equatorial view, SEM : D) polar view (1,800x)
and E) apocolpium and mesocolpium exine sculpturing (2,000x). Pollen Description : Monad,
tricolporate ; isopolar and radial symmetry, polar view : spheroidal, equatorial view : (amb.)
circular, large grain, polar axis 50x55 pm, equatorial axis 50 — 55 um, exine thickness 2 um,
exine sculpturing apocolpium and mesocolpium
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Figure. 18 Kaafaak-like (Scurrula sp.) pollen (TC16), Loranthaceae, LM 100x : A)
equatorial view, B) tricolpate aperture, SEM 2,000x : C) polar and equatorial view. Pollen
description : Monad, tricolpate ; isopolar and radial symmetry, polar view : peroblate,

equatorial view : (amb.) lobate, small grain, polar axis 12.0-15.2 um, equatorial axis 23.3
um, exine thickness 3 um
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Figure 20. Gramineae pollen (code TC17), LM 100x : A) polar view, B) equatorial
view, SEM : C) monoporate aperture (2,500x) and D) scabrate exine sculpturing with
annulus (8,000x). Pollen descriptions : Monad, monoporate, heteropolar, bilateral
symmetry, polar view : prolate-spheroidal, equatorial view : (amb.) circular, medium
grain, polar axis 32.9 pm, equatorial axis 29.4 um, exine thickness 1.5 pm, scabrate
exine sculpturing
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Figure. 21 Verbenaceae pollen (code TC18), LM 40x : A, B) polar view, C) equatorial view,
SEM 900x : D, E) stephanocolpate aperture and echinate exine sculpturing. Pollen
descriptions : Monad, stephanocolpate, isopolar, radial symmetry, polar view :spheroidal,
equatorial view : (amb.) circular, large grain, polar axis 50.1 pm, equatorial 49.9 pm, exine
thickness 2 um, exine sculpturing echinate (1.8x4.1 um)
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Abstract Honeybee (A4pis) workers cannot mate, but retain
functional ovaries. When colonies have lost their queen,
many young workers begin to activate their ovaries and lay
eggs. Some of these eggs are reared, but most are not and
are presumably eaten by other workers (worker policing).
Here we explore some of the factors affecting the
reproductive success of queenless workers of the red dwarf
honeybee Apis florea. Over a 2-year period we collected 40
wild colonies and removed their queens. Only two colonies
remained at their translocated site long enough to rear
males to pupation while all the others absconded. Abscond-
ing usually occurred after worker policing had ceased, as
evidenced by the appearance of larvae. Dissections of
workers from eight colonies showed that in A. florea, 6% of
workers have activated ovaries after 4 days of queen-
lessness, and that 33% of workers have activated ovaries
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after 3 weeks. Worker-laid eggs may appear in nests within
4 days and larvae soon after, but this is highly variable. As
with Apis mellifera, we found evidence of unequal
reproductive success among queenless workers of A. florea.
In the two colonies that reared males to pupation and which
we studied with microsatellites, some subfamilies had much
higher proportions of workers with activated ovaries than
others. The significance of absconding and internest
reproductive parasitism to the alternative reproductive
strategies of queenless A. florea workers is discussed.

Keywords Reproductive competition - Apis florea -
Red dwarf honeybee - Social parasitism

Introduction

Honeybee (Apis) colonies have been described as being
“superorganisms,” in which reproduction is channeled
exclusively through the queen and selection on workers is
restricted to maximizing their efficiency as part of a
coordinated whole (Seeley 1989; Moritz and Southwick
1992). Yet, workers have ovaries that are capable of
producing male-producing eggs via parthenogenesis
(Dzierzon 1845). In the presence of a queen, however,
any eggs that workers do lay will almost certainly be
removed (“policed”) by other workers (Ratnieks 1988;
Ratnieks and Visscher 1989).

Worker policing is an adaptive conflict-reducing strategy
of many social insect species in which colonies are headed by
a single, multiply mated queen (Ratnicks 1988; Barron et
al. 2001; Ratnieks et al. 2006). All workers are equally
related to the male-destined eggs laid by the queen
[relatedness (7)=0.25], but each individual worker is
variably related to eggs laid by herself (7=0.5), her full
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sisters (+=0.375), and her half sisters (=0.125) (Ratnieks
1988). This means that the only stable evolutionary
compromise for workers is to raise the eggs laid by the
queen and to remove all eggs laid by workers. Because
worker policing is effective, the benefits of personal
reproduction by workers are minimal (Wenseleers et
al. 2004a,b; Ratnieks et al. 2006). This probably explains
why, in most Apis species, the ovaries of workers in
queenright colonies are inactive (Apis mellifera, Ratnieks
1993; Apis florea, Halling et al. 2001; Apis dorsata,
Wattanachaiyingcharoen et al. 2001), a curious and unex-
plained exception being Apis cerana, where 2-5% of
queenright workers have ovaries containing eggs (Blanford
1923; Bai and Reddy 1975; Oldroyd et al. 2001).

Despite functional sterility when colonies are queenright,
when a colony becomes queenless many of the workers that
have not yet begun foraging begin to activate their ovaries
(Lin et al. 1999) and lay eggs and may produce a final batch
of males before the colony perishes (Page and Erickson
1988; Robinson et al. 1990; Halling et al. 2001; Oldroyd et
al. 2001). To rear the eggs, the colony must undergo a
fundamental behavioral shift and cease worker policing
(Miller and Ratnieks 2001; Chaline et al. 2004; Martin et al.
2005), for without successful worker reproduction, the
fitness of a queenless colony is zero (Page and Erickson
1988; Barron et al. 2001; Miller and Ratnieks 2001).

In contrast to queenright nests, when colonies become
queenless, the egalitarian queen-laid eggs are no longer
present, leading to the prediction of overt reproductive
conflict among queenless laying workers (Robinson et al.
1990; Martin et al. 2004), and to two alternative reproductive
strategies.

In the first strategy, a worker can remain with the natal
nest, cease worker policing, attempt to lay her own eggs,
and help rear both her own eggs and those of other workers.
This strategy appears to be the usual one in A. mellifera
(Page and Erickson 1988; Miller and Ratnieks 2001; Martin
et al. 2004; Martin et al. 2005). In queenless colonies, each
worker would “prefer” that the colony’s nurturing effort
were directed at her own sons or to the sons of her full
sisters than to the sons of her half sisters. Thus, competition
is predicted among subfamilies over their relative share of
the drones that the queenless colony is able to rear. As
predicted, strongly unequal reproductive success has been
observed in queenless colonies of A. mellifera (Page and
Erickson 1988; Martin et al. 2004). Differential reproduc-
tive success probably arises from workers preferentially
rearing or cannibalizing eggs and from different rates of
ovary activation among workers (Robinson et al. 1990;
Martin et al. 2004).

In the second strategy, a worker in a queenless colony
can abandon her natal nest and attempt to be accepted by
another colony. If a worker is successful in being adopted,
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she will be completely unrelated to the resident workers,
and is predicted to parasitize her host colony with her eggs
if she can. However, this strategy is only likely to be
fruitful if she can be adopted by a queenless colony, for
queenright colonies should police worker-laid eggs.

Although workers with activated ovaries are very rare in
queenright 4. florea colonies (Halling et al. 2001), workers
activate their ovaries after only a few days of queenlessness
(Nanork et al. 2005). This contrasts with temperate
ecotypes of A. mellifera, in which ovary activation and
successful oviposition does not occur for about 3 weeks
after dequeening (Page and Erickson 1988; Miller and
Ratnieks 2001). A colony of A. florea comprises multiple
subfamilies (Palmer and Oldroyd 2001), and so, reproduc-
tive competition among workers from different subfamilies
is predicted as in A. mellifera (Martin et al. 2004).

The cessation of worker policing in a queenless colony
renders it vulnerable to parasitism by egg-laying workers
from other colonies, and such parasitism has now been
documented in A. mellifera capensis (Neumann et al. 2001b)
and A. florea (Nanork et al. 2005). Honeybee workers may
actively seek queenless colonies to parasitize with their eggs,
and similar phenomena have been seen in bumblebees
(Birmingham et al. 2004; Lopez-Vaamonde et al. 2004).

Here we examine patterns of absconding (which may be
associated with parasitism) and the appearance of eggs and
larvae in 40 queenless colonies of A. florea with a view to
understanding how such colonies respond to the twin
necessity of ceasing worker policing so that eggs can be
reared and minimizing parasitism by workers from other
colonies. We also report on the probable existence of
reproductive competition among subfamilies within two
queenless colonies. This report extends our findings of
reproductive parasitism in 4. florea (Nanork et al. 2005).

Materials and methods
Experimental colonies and sample collection

Between December 2002 and October 2004, we relocated
40 colonies of wild 4. florea from coconut plantations in
Samutsongkram province, Thailand, to the grounds of
Chulalongkorn University, Bangkok. We tied the trans-
located colonies (usually 4-5 at a time) in convenient
locations on the branches of small trees, at least 5 m apart
from each other. For each relocated nest we collected
approximately 100 adult workers and then removed the
queen to induce ovary activation in the workers. Any queen
cells that subsequently developed were removed.
One hundred workers were collected again after 4 days,
1 week, and 4 weeks of queenlessness. Samples were kept
at —20°C.
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From a subset of eight randomly selected colonies, we
dissected adult workers (n=100 per colony) according to
Oldroyd et al. (2001) to determine the level of ovary
activation from various sampling times. We classified
ovaries as either inactive (ovarioles not discernable or no
eggs present) or active (eggs present) (we find this to be a
more objective measure of ovary activation than various
gradations that have been used by some authors). For the
two colonies that successfully reared pupae, we used
microsatellite loci to determine the parentage of the dissected
workers. We did not genotype early-appearing larvae
because there were insufficient numbers for an adequate
sample, and we wished to allow them to develop to pupae.

As part of another experiment (Duangphakdee 2006),
eight additional colonies were translocated and these were
left queenright. These colonies were used to determine if
absconding rates differ between queenright and queenless
nests.

Paternity analysis of dissected workers

DNA was extracted by boiling the crushed hind leg of a bee
in 500 pl Chelex® 100 solution (5% w/v in TE, ;) (Walsh
et al. 1991; Estoup et al. 1997). Samples were boiled for
15 min and then centrifuged at 1,200 rpm for 15 min. The
supernatants were diluted 1:2 with sterile distilled water and
stored at 4°C.

Six microsatellite loci (Table 1) were used to determine
the subfamily of workers. Diluted DNA (1 pl) was used in
5-ul PCR reactions [Ix PCR buffer, 1.5 mM MgCl,,
0.625 mM of each deoxyribonucleotide triphosphate,
0.4 mM of forward and reverse primer (reverse primer
Hex labeled), and 0.25 units of 7ag polymerase; see also
Table 1]. PCR products were electrophoresed in 5% urea/
polyacrylamide on an automated DNA fragment analyzer
(Corbett Research, Sydney, Australia) at 1,400 V and 38°C.

Lengths of microsatellite alleles were determined in base
pairs using the software package OneDscan (Scananalytics,
Fairfax, VT, USA).

For each sample we compared rates of ovary activation
among worker subfamilies using G tests (Zar 1996). Where a
large number of cells of a contingency table have expected
values <5, the G test can produce levels of significance that
deviate from the actual. Therefore, a sampling modification
of Fisher’s exact test (Lewontin and Felsenstein 1965) was
also performed using the program Monte Carlo RxC
(W. Engels, University of Wisconsin).

Results

Because not all colonies were observed every day (but
always more than twice a week), all time-dependent data in
this section are approximate by up to £3.5 days.

About a quarter of the queenless colonies absconded
within 2 weeks of being made queenless, and all but two
queenless colonies absconded within 1 month (Fig. 1).
Absconding was not a gradual process over several days or
weeks; most workers left together as a group. In all but two
cases, absconding occurred before pupae appeared. The
mean number of days to absconding was 20.4 (SE=3.6)
days. Although the mean time to absconding in queenright
nests (24.2+2.9 days) was similar (Mann—Whitney U=152.0,
P=0.82) to that of queenless nests, absconding was much
more bimodal; colonies either left as soon as the last brood
emerged (five colonies) or remained for 34, 46, or 67 days.

In the queenless nests the proportion of workers with
activated ovaries was 6.0% (SE=1.6%) after 4 days. The
proportion of workers with activated ovaries increased
across time, so that after 3 weeks, about 33.7% (SE=3.2%)
of workers had activated ovaries (Fig. 2). In the 32 colonies
in which eggs were produced, eggs were first observed an

Table 1 Primer sequences and PCR conditions for six microsatellite loci used to detect paternity in A. florea

Locus Primer sequences MgCl, conc. (mM)  Annealing temp. (°C)  Number of cycles  References
A8 5'CGAAGGTAAGGTAAATGGAAC 1.5 55 35 Estoup et al. 1994
5'GGCGGTTAAAGTTCTGG
A76 5'GCCAATACTCTCGAACAATCG 1.5 55 35
5S'GTCCAATTCACATGTCGACATC
A88 5'CGAATTAACCGATTTGTCG 1.5 55 35
5S'GATCGCAATTATTGAAGGAG
A107 5'CCGTGGGAGGTTTATTGTCG 1.5 55 35
5'GGTTCGTAACGGATGACACC
B124 5'GCAACAGGTCGGGTTAGAG 1.5 55 35
5'CAGGATAGGGTAGGTAAGCAG
Ap249  5'CGCGCGACGACGAAATGT 1.5 57 9 Solignac et al. 2003
5'CAGTCCTTTGATTCGCGCTACC 55 9
52 9
49 15
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average of 6.1 (SE=0.3) days after dequeening. The shortest
period to the appearance of eggs was 3 days, and the
longest was 8 days. Only 14 colonies produced larvae. In
these colonies, larvae appeared 12.1 (SE=0.9) days after
queen removal. The shortest period for larvae to appear was
3 days after eggs appeared and 7 days after dequeening. As
the development time of an egg is 3 days in A. florea
(reviewed in Oldroyd and Wongsiri 2006), this suggests
that policing behavior was curtailed as soon as oviposition
commenced. In another colony, larvae did not appear until
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16 days after eggs first appeared, suggesting that policing
behavior in this colony continued long after eggs were
being laid. There was no significant correlation between the
time to the appearance of the first eggs and the time before
larvae appeared (=—0.18, n=14 colonies P=0.54).

Only two colonies (hereafter 1 and 2, and the same
colonies as in Nanork et al. 2005) remained long enough to
rear pupae. Microsatellite analysis based on 299 and 282
workers from colonies 1 and 2, respectively, indicated that
there were 20 subfamilies in colony 1 and 24 subfamilies in
colony 2.

As previously reported, after colonies were made queen-
less, they showed high rates of reproductive parasitism,
with an average 4.5% of workers coming from other
colonies (Nanork et al. 2005). Excluding nonnatal workers,
there was no significant difference in the proportion of
workers with activated ovaries among subfamilies 1 week
after dequeening (Table 2, Figs. 2 and 3). However, after
4 weeks, some subfamilies had a much higher proportion of
workers with activated ovaries than others (Table 2, Figs. 2
and 3). In colony 2, the subfamilies with activated ovaries
were different between the two sample times (significant
heterogeneity, Table 2), whereas in colony 1 the reproduc-
tively dominant subfamilies did not change over time. The
microsatellite loci available were not sufficiently variable to
be able to assign the maternity of offspring males to
different worker patrilines, but were sufficient to demon-
strate whether males arose from natal or nonnatal workers.

Discussion

This study has shown that the reproductive behaviors of
queenless A. florea workers are complex and variable. In all
colonies workers begin to activate their ovaries within
4 days of queen loss, even while female larvae (from which

Table 2 Contingency table analyses of the proportions of adult
workers with activated ovaries among different subfamilies in A.
florea colonies

Colony Sampling time G df P Prisher

1 Week 1 12.55 12 0.4 0.778
Week 4 33.92 13 0.001 0.002
Totals 32.26 15 0.006 0.012
Heterogeneity 32.26 10 0.161

2 Week 1 20.45 18 0.308 0.491
Week 4 37.69 19 0.006 0.015
Totals 58.14 21 0.112 0.163
Heterogeneity 20.07 16 0.023

Prisher 18 the P value from a Monte Carlo approximation of

the Fisher’s exact test and P is the probability associated with
the presented G test. The table is based on 100 bees per colony
per sample period



Behav Ecol Sociobiol (2006) 61:91-97

95

1
ool OWeek 1 Colony 1
BWeek 4
0.6 |

I
~

©
N
!

|,

1234567 891011121314

[E=Y

Colony 2

0.27 \Il‘_lll
0 T T T

1 3 5 7 11 13 15 17 19

Proportion with activated ovaries
o
® 2

o
(]

o
~

Subfamily

Fig. 3 Proportion of workers of 4. florea with activated ovaries
among different subfamilies after 1 and 4 weeks of dequeening

a replacement queen could be reared) are still present.
Worker oviposition occurs soon after ovary activation, as
worker-laid larvae can be present within 7 days of
dequeening. However, in some colonies, larvac do not
appear for at least 2 weeks after the first worker
oviposition. This suggests that in these colonies worker
policing continues well after oviposition begins, as it does
in A. cerana (Oldroyd et al. 2001) and temperate A.
mellifera (Miller and Ratnieks 2001; Martin et al. 2005).
After policing stops and larvae appear, almost all colonies
abscond before drone pupae appear.

In the first 3 weeks after transfer, queenless and queenright
nests have similar rates of absconding. After 3 weeks, however,
queenright nests may remain in situ for several months,
whereas all queenless colonies abandon their nests within a
month. We suggest that nest relocation per se is not a factor in
absconding after 3 weeks and that, therefore, queenlessness is a

causal factor in absconding. If a queenright nest does abscond,
it does so in an orderly fashion, waiting until all brood has
emerged (Woyke 1976; Akratanakul 1977; Seeley 1985). This
contrasts with the behavior of queenless nests, which often
abandon their brood when they abscond.

Queenless A. mellifera colonies of temperate subspecies
rarely abscond, and this seems an adaptive strategy. If a
queenless colony reestablishes at another site, it must first
build a new comb before it can commence brood rearing
anew, wasting the inherited comb and male pupae that are
the orphaned workers’ sole heirs. Why, then, should A.
florea colonies that are about to produce male pupae
commonly abscond? We can think of four plausible
explanations, but none of these are completely satisfactory,
and we do not advocate any one of them at this time.

First, the orphaned workers might benefit from a comb
comprising solely of drone cells (Page and Erickson 1988;
Neumann et al. 2000; Halling and Oldroyd 2003). We have
previously reported a small colony of queenless 4. florea
workers that had built a comb comprised entirely of drone
cells (Oldroyd and Wongsiri 2006). However, it would
seem that abandoning a comb just to build a new one would
reduce the average reproductive success of an orphaned
colony, and that it would be more efficient to remodel the
existing comb to include more drone cells. Furthermore, if
comb remodeling is the goal of absconding, it is difficult to
understand why it does not occur more or less immediately
after queen loss and before ovary activation.

Second, an absconding swarm may attempt to combine
with a queenright colony, as has been observed in A. m.
capensis (Hepburn et al. 1999; Neumann et al. 2001a).
However, because 4. florea have strong nestmate recognition,
and reject nonnestmates that are introduced to their colony
(Free and Williams 1979), it seems unlikely that an entire
swarm of orphaned workers would be accepted by another
colony. There is an obvious reason why a queenright colony
should not adopt orphaned workers: such workers are
unrelated to the queenright nest, and because so many of
the orphaned workers have activated ovaries, they have both
the motive and ability to parasitize their adoptive hosts.

Third, absconding swarms might attempt to combine
with another queenless nest, but again, there is no obvious
advantage to the host colony, which is highly vulnerable to
parasitism (Nanork et al. 2005) because policing is no
longer effective. Thus, the host colony is predicted to reject
the immigrants.

Fourth, the high rates of parasitism by workers from
other colonies (Nanork et al. 2005) may drive orphaned A.
florea colonies to abscond. Workers that continue to
contribute to the welfare of a queenless colony may be
committing the Concorde fallacy (Dawkins and Carlisle
1976)—further investment in a colony in which reproduc-
tive returns are very low due to high rates of parasitism. We
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speculate that the open nest that characterizes 4. florea
means that queenless colonies are more vulnerable to
worker parasitism than cavity nesting species such as 4.
mellifera, and it is for this reason that queenless A. florea
are likely to abscond in response to high rates of parasitism,
whereas European A. mellifera subspecies are less likely to.

Although only two of our 40 dequeened colonies produced
male pupae, this study provides evidence for overt reproduc-
tive competition among subfamilies. As with queenless 4.
mellifera colonies (Martin et al. 2004), workers of some
subfamilies have a significantly higher proportion of
individuals with activated ovaries than others. Thus, it seems
likely that certain subfamilies have the ability to respond to
the lack of queen and brood pheromones earlier than others
(Moritz et al. 2000) and to activate their ovaries.

We conclude that queenless A. florea nests are highly
unstable and vulnerable to reproductive parasitism. Many
workers from queenless nests may join other nests. Host
nests are vulnerable to reproductive parasitism by such
workers, and worker policing may be an important defense
against such parasitism.
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Abstract — In the arboreal habitat of Apis florea one of the dominant insectivorous predators is the weaver
ant, Oecophylla smaragdina. The main mechanism of A. florea to protect its nest against ants and other
crawling arthropods are “barriers” of sticky material (sticky bands) which the bees build around the
branches and all structures which connect the comb to the outside. We studied whether the presentation of
an O. smaragdina ant on the comb releases a specific behavioral response of the bees. After the exposure
of a living O. smaragdina worker, held by a forceps on the top of the A. florea comb, the number of bees at
the sticky band zone increased and remained on higher level for 2 hours compared to control experiments
(presentation of an empty forceps, Tenebrio molitor larva or another arboreal ant species, Crematogaster
rogenhoferi). Further, more sticky material was deposited by the bees after exposure of a weaver ant. This
behavior seems to be a specific reaction of A. florea to its most important predator O. smaragdina.

Apis florea / Oecophylla smaragdina / colony defense / predator-prey relationship / Crematogaster
rogenhoferi

1. INTRODUCTION

ApisfloreaFabriciusis widespread throughout
Asia, where it builds its single comb around small
branches of bushes and shrubs (Akratanakul,
1977). The exposed position of the comb with
the honey storage, bees and brood attracts a
range of predatory species, so it is not surpris-
ing that A. floreaposses a wide array of specific
social defence mechanisms among which shim-
mering (Butler, 1954; Pirk et al., 2002) and hiss-
ing are most conspicuous. Shimmering behaviour
is released by optical stimuli and for example
abutterfly — apparently attracted by the odour of
honey — releases “shimmering behaviour” (a
specific movement) of a few bees hanging in

the curtain and which otherwise does not inter-
fere with colony activities. Hissing behaviour
is released by mechanical stimuli or by “pip-
ing” of forager bees disturbed on their return to
the nest (Sen Sarma et al., 2002). Hissing alerts
the whole colony and results in steep decrease
of foraging activities. The hissing sound per se
may repel mammals and even large Asian bears
(Koeniger and Fuchs, 1973) or initiate a full
stinging defence of the colony (Koeniger and
Fuchs, 1975).

A different permanent threat in the arboreal
habitat of A. florea is posed by the weaver
ant Oecophylla smaragdina (Holldobler and
Wilson, 1983), which ranks among the most
important predators of A. florea (Seeley, 1983).
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Indirect fighting, the A. floreaworkers, because
of their diminutive size, are no match for the
large weaver ants. Colonies rely instead on
sticky bands of plant resins plastered around
the branch carrying the nest. Thus the comb
with the brood, the honey storage and the bees
are sealed off completely by sticky barriers on
all structures connecting to other parts of the
canopy. In a survey in northern Thailand,
Seeley et al. (1982) examined 76 A. florea col-
onies. Only 28 of them had sticky bands, but 24
of those were under ant attack. This indicated
a strong correlation between sticky bands and
the presence of ants. Experimental data on the
guestion how the presence of Oecophylla sma-
ragdina ants is related to A. florea’s construc-
tion of sticky bands are not yet available.

In our experiments we provoked A. florea
colonies by exposing a weaver ant on the top
of the colony and observed the reaction of the
bees in regard to the sticky band. In comparison
to the weaver ant the reaction after presentation
of an empty forceps, a Tenebrio molitor larva
and another arboreal ant species (Cremato-
gaster rogenhoferi Mayr) was recorded. Our
aim was to assess whether the presence of a
weaver ant inside the barriers of the sticky
bands causes an immediate and specific social
response of A. florea colonies.

2. MATERIALSAND METHODS

2.1. The bees

Observations and experiments were conducted at
the campus of Chulalongkorn University (Bangkok)
in March to August, 2003 and in January to April
2004.

Eighteen colonies of A. florea were collected in
a coconut estate near Maeklong, Samut Songkram
Province. The A. floreanests were detected in shrubs
and trees at heights of 3 m to 5 m. Climbing up
smoothly during day time the colony was gently
smoked and afterwards sprayed with water. Sur-
rounding leaves and twigs were carefully removed.
Finally both sides of the nest branch were smoothly
removed by sharp garden cutter. The colony was
hung at one end of the nest branch and was brought
down avoiding accelerations and jerks. Both ends of
the nesting branch were tightly fixed in a wooden
box for transportation to Bangkok. There, the colo-
nies were hanged on small trees in front of the ento-
mology laboratory (in CU campus) maintaining the
vertical position of the comb. The bees started for-

aging pollen and nectar at the new location. Addi-
tionally, we offered 50 g candy (icing sugar mixed
with honey) daily on the top of the comb.

2.2. Theants

O. smaragdina was also collected at Maeklong.
We selected a fairly large (40 cm x 30 cm) leaf nest
in a Mango tree and carefully clipped the surround-
ing twigs leaving only the branch with the nest. After
the ants had calmed down and the main force of them
had returned into the nest again (15 min) we cut the
nesting branch and swiftly put the nest into a trans-
port box which was closed immediately. In front of
the entomology laboratory we fixed the O. smarag-
dina nest to a small potten Mango tree. The pot of
this tree was kept in container filled with detergent
water to prevent ants from escaping. The ants were
fed with 10 g of T. molitor (Coleoptera: Tenebrion-
idae) larvae, 5 g of tinned mackerel fish and 10 mL
of honey syrup per day.

Presentation of different objectstothe
A. florea colony

An O. smaragdinaforager was collected from the
feeding dish of the ant nest. A C. rogenhoferi worker
was caught from a foraging path at a nearby tree. We
held the ant by a forceps at its petiolus and put it for
1 min at the center of the top of the A. florea comb.
Furthera T. molitor larva of about 1.5 cm length was
presented to the colony at a similar position also for
1 min. As a control we took an empty forceps and
left it also for 1 min on the florea comb.

2.3. Number of beesin sticky band zone

As a parameter for the colony reaction we
counted the bees present in the sticky band zone,
which was the surface of the nest branch extending
from where the branch protruded from the comb to
a distance of 4 cm. We counted the number of bees
at each colony 5 minutes before the presentation of
the ant (see below), directly after (within 2 minutes),
1 hour afterand 2 hours later each count was repeated
5times at each of the sticky bands. We took the mean
of the counts for further analysis. Our observation
position was 50 cm away and was maintained con-
stant for every colony.

2.4. Deposition of material in sticky
band zone

A double layer of plastic bands (Prihimo, made
in Japan) of known weight were fixed in the sticky
zone. After 2 hours they were carefully removed.
Because of the inner layer’s contamination by some
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sticky materials that were present before the exper-
iment, only the outer layers were used to calculate
the weight of the newly deposited materials from
increased weight of the band, determined by an
0.001 mg accuracy balance (Sartorius CP2245).

3.RESULTS

3.1. Behavior of beestowards different
objects presented on the upper side
of the comb

The reaction of the bees towards the O. sma-
ragdina worker held in the forceps happened
without delay. The bees shied away from the
antand formed — head towards the ant —a multi
layered wall around it. The distance to the ant
was 4—7 cm. At the same time, many bees from
the comb rushed on the upper side joining the
group of defending workers. After half a
minute some worker bees launched counter
attacks against the ant. The attacking bee seized
the antenna or a leg of the ant by mandibles and
tried to fly off with it. Since the ant was held
by the forceps the bee did not succeed at car-
rying the ant away. In some cases at the end of
the 1 min exposure period more bees joined the
attack and stinging behavior occurred. Regu-
larly, when we removed the ant, a few bees
were attached by their mandibles to the ant so
tightly that they were removed together with
the ant from the comb. At the end, after we had
released the ant from the forceps atthe ant arena
the bees let the ant go and flew back to the col-
ony which was about 2 m away.

The reaction of the bees to a worker of
C. rogenhoferi or a larva of T. molitor were
limited to the group of bees which came into
direct contact or which happened to be within
a narrow range of it. The bees turned the head
toward to the ant or mealworm immediately.
With 3 to 5 s after presentation, a few bees
attacked by biting and stinging. In comparison
to the behavior released by a weaver ant, the
reaction was different. While at least 20-
50 bees responded to O. smaragdina not more
than 5-15 bees attacked C. rogenhoferi or
T. molitor larva. In addition, we did not notice
bees from the comb rushing up and joining the
defense. In summary, the reaction of the A. flo-
reacolony to presentation of C. rogenhoferi or
T. molitor remained locally restricted while the

response released by an O. smaragdina worker
spread over the whole colony or at least a large
part of it.

An “empty” forceps did not increase the
activity level on the comb. The bees moved
towards to forceps and started “head-pushing”
behavior (Sen Sarma et al., 2000). In a few
experiments one or two bees bit the tip of the
forceps with the mandibles. The relatively low
level of activity caused by the empty forceps
was strikingly different from the “excitement”
and fast movements released by an O. smarag-
dina worker.

3.2. Number of beesat the sticky band
zone

Under our experimental conditions O. sma-
ragdina workers had no access to the A. florea
colonies and we did not observe much activity
at sticky band zones. In several scans not even
asingle bee was detected. On average we found
2.3 = 1.3 bees (n = 24 observations). The bees
remained motionless facing outside for a few
minutes until they turned around and disap-
peared in curtain covering the comb. One minute
after presenting a O. smaragdinaworker on the
comb the number of bees at the sticky band
zone increased by a factor of 15.2 £ 7.5. The
relative increase of bees was 7.5 after 1 h and
5.6 2 h after the presentation of O. smaragdina.
The difference compared to the control (empty
forceps) was highly significant (Wilcoxon, P <
0.0005) after one minute (Fig. 1). Even after
2 h the relative increase was still significant
(Wilcoxon, P < 0.001). However the number
of bees decreased significantly between 1 min
and 1 h after the ant stimulus was presented
(Wilcoxon, P <0.002). The difference between
1 h and 2 h was not significant (Wilcoxon,
P<0.122).

In control colonies, 1 min after presentation
of a Crematogaster worker, a Tenebrio larva or
of an empty forceps on the comb, we did not
observe an increase of bees in the sticky band
zone (Fig. 1). Apparently the increase of bees
was a specific reaction to O. smaragdina.

3.3. Behavior at sticky band after
presentation of O. smaragdina

Ant presentation on the comb resulted first
in enforcement of the guard bees at the comb
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Figure 1. Increase of bees at the sticky band zone 1
minute after stimulation.

Y axis: boxplot of bee numbers divided by number
of bees before the experiment.

X axis: Stimulus = presentation of

Oec = Oecophylla smaragdina forager,

Crem = Crematogaster r.,

Ten = Tenebrio molitor larva,

empt = empty forceps,

on the top of Apisflorea comb.

side of the sticky bands. A large group of
densely packed bees (n = 12-25) settled with
their heads towards the sticky band in a 2 or
3 fold layer. Looking along the branch over the
sticky band towards the comb we saw two or
three rows of worker bee heads, comparable to
bricks in a wall. A small number of bees went
beyond these guard bees and started to “work”
on the sticky band. These bees continuously
scraped the surface of the branch by their man-
dibles. The antennae were constantly moving
back and forth. The tips of both antennae
touched the surface and/or the mandibles and
then swung back. The movements looked sim-
ilar to the behavior of A. melliferaworkers seal-
ing wooden surfaces inside the hive with
propolis (Meyer, 1954). The work on the sticky
band went on for 3 to 10 min. Then the bees
(when we succeeded in keeping track of them)
moved on to the comb and returned within 1 or
2 min and to continue working at the sticky
band.

We did not see bees carrying material in the
pollen baskets to the sticky band. Further, we

did not notice that any larger particles were
brought by the mandibles. However, we could
not watch the head of these bees constantly dur-
ing their excursions on the combs. As soon as
the bee reached the nest it dived into the layer
of bees. So we can not exclude that the bees did
collect some smaller parts of material from the
comb and fixed this to the sticky band.

3.4. Depositionsin sticky band zone

On average the increased weight of deposits
on the plastic band after ant exposure was
2.7 mg with a standard deviation of + 2.73
(6 colonies, 18 experiments). In the control col-
onies (without ant presentation) we measured
amean of 1.4 mg +0.91 mg. The difference was
highly significant (Mann-Whitney; P = 0.0005)
while there was no difference within the control
group. So the presentation of an O. smaragdina
worker on the colony resulted not only increas-
ing numbers of bees but also in a larger amount
of deposited material.

4. DISCUSSION

The use of sticky or repellent barriers to pro-
tect colonies against ants is wide spread among
different taxonomic groups of social insects. In
several species of social wasps (Polistinae and
Stenogastrinae) the pedicel, by which the nest
is fixed to substrate, is regularly impregnated
by repellent pheromones from sternal glands
(Espelie et al., 1994). The nest entrance of
many species of Meliponinae consists of a tube
built out of plant resins and sticky materials
(Wilson, 1971). So the “invention” of barriers
against crawling arthropods has arisen inde-
pendently several times during evolution.

Generally, the nest branch is the only surface
connection of the A. floreacomb to the “outside
world” and it disembogues just under the plat-
form into the comb. This platform serves as
location of the bee dances and functions as an
information center of the foragers (Lindauer,
1956; Koeniger etal., 1982; Seeley, 1985; Dyer,
1985).

At the platform the bees must deal with
mainly two different kind of interferences. Old
leaves or debris from the higher portion of the
vegetation will fall on the platform and are
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removed by the recently described “head push-
ing” (Sen Sarmaetal., 2000). We observed this
behavior when we put the empty forceps on the
platform. So bees “classified” the forceps alone
as “debris”. Afterwards we did not notice any
increase of activity at the sticky bands.

The second kind of interferences which must
be expected at the upper side of comb comes
from crawling arthropods or other intruders which
succeed in surpassing the sticky band. When
we presented the forceps with the O. smarag-
dinaworker we saw the latter kind of defensive
behavior. The direct reactions of the bees to the
ant were aimed to expel the intruder. Though
the reactions to C. rogenhoferi or T. molitor
involved fewer bees their intention to remove
the presented insects was obvious. Presentation
of C. rogenhoferi or T. molitor did not result in
increasing numbers of bees working at the
sticky bands. Interestingly, the significant long
term effects were restricted to the presentation
O. smaragdina: The “effect” of this behavior
is clear. Increasing the number of guard bees
and reinforcing the sticky band were means of
precaution and would enable the colony to
more effectively repel further intruders.

The weaver ant O. smaragdinaisadominant
species in areas where A. florea occurs
(Holldobler and Wilson, 1990). Their efficient
recruitment system enables weaver ants to fast
communal foraging and to large prey items
(Holldobler, 1983). Therefore the existence
and survival of an A. florea colony within the
territory of O. smaragdinadepends on an effec-
tive protective system. A main requirement of
such defense against O. smaragdina is to pre-
ventany foraging success of aweaver ant scout.
As we have witnessed several times, an odor
trail of a successful scout ant can recruit larger
numbers of ants which will overpower defend-
ing bees and cause absconding of the colony
(Wongsiri, 1989). At the end of such raids, the
honey storage, the brood and quite a number of
worker bees will lost to the weaver ants.

The reinforcement of the sticky barriers
seems to be a specific behavioral response of
A.floreato its most prominent predator O. sma-
ragdina. A comparable phenomenon termed
enemy specification (Wilson, 1975) is known
to operate between several ant species. These
species recognize their most dangerous adver-
sary species and fight against them without

delay by specific mass attacks (Holldobler,
1983).

The question of how A. florearecognizes the
weaver ant remains open. The experiments,
however, with C. rogenhoferi and larvae of
Tenebrio point to possible cues or semiochem-
icals specific to O. smaragdina.
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Résumé — Renforcement d’une barriére — une
défensesocialespécifiquedel’ Abeillenaine (Apis
florea) déclenchéepar laFour mi tisser ande Oeco-
phylla smaragdina. L’Abeille naine, Apis florea
Fabricius, largement répandue en Asie, construit son
unique rayon & I’air libre, suspendu dans des buis-
sons, des arbustes ou des arbres. Dans cet habitat le
principal prédateur insectivore est la Fourmi tisse-
rande Oecophylla smaragdina Fabricius. Confron-
tées individuellement a cette fourmi de grande taille,
les petites ouvriéres d’A. florea ont le dessous. Par
contre les colonies se protégent par des bandes col-
lantes, a base de résines de plantes, qui entourent la
branche a laquelle est accroché le nid. Le rayon est
ainsi complétement barricadé par ces ceintures-pie-
ges et isolé de toutes les structures qui le relient aux
autres parties de la canopée. Lors d’une étude dans
le nord du Vietnam, Seeley et al. (1982) examinerent
76 colonies d’A. florea. Seules 28 d’entre elles pos-
sédaient des ceintures-piéges, mais 24 de celles-ci
étaient attaquées par les fourmis, ce qui indique une
forte corrélation entre les ceintures-piéges et la pré-
sence de fourmis. On ne sait pas a I’heure actuelle
de quelle fagon la présence d’O. smaragdinaagit sur
la construction de ceintures-piéges par A. florea.
Nos expériences ont consisté a provoquer une colo-
nie d’A. florea en présentant une fourmi tisserande
maintenue dans une pince au-dessus d’elle et en
observant les réactions des abeilles. Le nombre
d’abeilles présentes prés des ceintures-pieges et
I’augmentation du poids de résine ont été détermi-
nés. Les mémes observations ont été faites avec un
ver de farine (larve de Tenebrio molitor) et une autre
espéece de fourmi arboricole (Crematogaster rogen-
hoferi) a titre de témoin.
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Suite & la présentation d’une ouvriere vivante d’O.
smaragdinaau sommet du rayond’A. florea, le nom-
bre d’abeilles pres de la ceinture-piége a augmenté
de facon significative par rapport aux témoins
(Fig. 1). Il est resté a ce niveau élevé durant 2 h. Le
matériel collant a lui aussi augmenté significative-
ment. Le renforcement des ceintures-pieges semble
étre une réaction comportementale spécifique d’A.
floreaa son prédateur principal. Des comportements
comparables, désignés par Wilson (1975) par le
terme de spécification de I’ennemi, ont été décrits
pour plusieurs especes de fourmis. Ces espéces
reconnaissent leur adversaire le plus dangereux et
déclenchent immédiatement leur défense par des
attaques massives spécifiques contre lui (Hélldobler,
1983). La question de savoir comment A. florea
reconnait la Fourmi tisserande reste ouverte. Les
expériences avec C. rogenhoferi et les larves de T.
molitor laissent supposer qu’il s’agit de composés
sémiochimiques spécifiques a O. smaragdina.

Apisflorea/ Oecophylla smaragdina / défense de
la colonie/ relation prédateur-proie/ Crematogaster
rogenhoferi

Zusammenfassung — Verstarkung einer Barriere,
—enespezifischesozialeVerteidigung der Zwerg-
honigbiene (Apis florea), ausgelést durch die
W eber ameise(Oecophyllasmaragdina). Die Zwerg-
honigbiene Apis florea Fabricius ist in Sldasien
weit verbreitet, wo sie ihre einzige Wabe frei han-
gend an Asten von Biischen, Unterholz und Badumen
baut. In diesem Lebensraum ist die Weberameise
Oecophylla smaragdina Fabricius ein dominanter
Réuber von Insekten. In einer direkten Konfronta-
tion mit dieser grofRen rauberischen Ameise ist die
einzelne Apis florea Biene unterlegen. Die Bienen-
volker dagegen schiitzen sich mit Leimringen aus
Pflanzenharzen. Auf diese Weise wird die Wabe
vollstandig verbarrikadiert und alle Strukturen abge-
sichert, die das Nest mit anderen Zweigen verbindet.
In einer Untersuchung in Nordthailand tberprifte
Seeley et al. (1982) 76 A. florea Nester. Nur 28 von
ihnen hatten einen Leimring, bei 24 von ihnen be-
stand eine Bedrohung durch Oecophylla smaragdina.
Das deutet auf ein enge Verknuipfung zwischen der
Bedrohung durch die Ameisen und den Klebringen
hin. Bisher ist nicht bekannt, wie sich die Prasenz
von O. smaragdina Ameisen auf die Anlage und den
Bau von Leimringen durch A. florea auswirkt.

In unseren Versuchen wurde eine Weberameise mit
einer Pinzette oben auf das A. florea VVolk gehalten.
Dannwurde die Reaktionen der Bienen auf den Leim-
ring beobachtet. Die Anderung der Bienenzahl an
den Ringen und die Gewichtszunahme des Klebhar-
zes wurden bestimmt. Als Kontrolle wurde die
Reaktion der Bienen auf eine leere Pinzette, einen
Mehlwurm (Larve von Tenebrio molitor) und eine
andere baumbewohnende Ameisenart (Cremato-
gaster rogenhoferi) beobachtet.

Wurde eine lebende O. smaragdina Arbeiterin dicht
tiber die Wabe von A. florea gehalten, war die Zunah-
me der Anzahl der Bienen im Bereich der Leimringe
im Vergleich zur Kontrolle hoch signifikant
(Abb. 1). Die Zahl der Bienen blieb fur 2 Stunden
auf einem hoheren Niveau. Auch wurde hoch signi-
fikant mehr klebriges Material aufgetragen. Die
Verstarkung der Leimringe scheint eine spezifische
Verhaltensreaktion von A. florea auf ihren bedeu-
tendsten R&uber O. smaragdina zu sein. Vergleich-
bare Verhaltensweisen wurden von Wilson (1975)
als Feindspezifikation bezeichnet und fir mehrere
Ameisenarten beschrieben. Diese Arten erkennen
ihre gefahrlichsten Feinde und beginnen sofort mit
spezifischen Massenangriffen gegen sie zu kdmpfen
(Holldobler, 1983). Die Frage uiber den Erkennungs-
mechanismus der Weberameisen durch A. florea ist
nicht gekl&rt. Versuche mit C. rogenhoferi und den
Larven von Tenebrio weisen auf Ausldser hin, die
spezifisch fir O. smaragdina sind.

Apis florea / Oecophylla smaragdina /
Volksverteidigung / Rauber-Beute-Beziehung /
Crematogaster rogenhoferi
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ABSTRACT

Bumblebees are social insects that are characterized by black and yellow body hairs,
often in bands found in the mountainous areas. We have investigated that the number
of species of bumblebees in the northern parts of Thailand particularly from Chiang
Mai (Doi Inthanon, Doi Suthep, Doi Pui, Chiang Doi, Doi Inching), Chiang Rai (Doi
Mae Salon, Doi Tong, Doi Nygem) and Nan. The specimens were caught and chilled
in an ice-cooler box. After 20 minutes of chilling, the specimens were examined. The
results show that three species of bumblebees; B. haemorrhoidalis, B. trifasciatus, and

B. breviceps were found in the mountainous of the upper northern parts of Thailand.

Key words: Hymenoptera, long-tongued bumblebees, B. haemorrhoidalis, B.

trifasciatus, and B. breviceps

INTRODUCTION
Bumblebees, (genus Bombus), classified as “long-tongued” bees (Michener, 2000),
are large roundest bees sporting coats of bright combinations of yellow, orange, red,
or white fur on black (Free and Butler, 1959). Bumblebees are among the most
diverse and successful pollinators known. Worldwide (Free and Butler, 1959) over
239 species are known, and in North America at least 50 species are present
(Krombein et al., 1979; Williams 1998). They range from the frigid arctic coast to
tropical rainforests in Amazonia. They are particularly cold hardy, being able to
survive arctic winters. Bumblebees have long life spans and flight seasons, and in
their selection of flowers to visit (Heinrich 1979). Bumblebees are capable of
pollinating many varieties of flower types, and as pollinators, they have several
advantages over honey bees, and sting less bees. Bumblebees, in particular, are among
the most important pollinators of temperate zone plants (Proctor et al., 1996).
Declines of bumblebee populations have been documented in several parts of the
world. There is no such record of bumblebees of Thailand existed. Still it does not
know how many species are existed in the northern parts of Thailand. How many
species of bumblebees are known in Thailand?

Generally, bumblebees are used to pollinate tomato in greenhouse (Heinrich,

1979). Almost one million colonies of Bombus terrestris and B. impatiens are reared



annually in commercial facilities and are distributed throughout the world (Velthuis
and Doorn, 2006). B. terrestris colonies are imported to Japan from Europe (Ono
1997, Thorp, 2003), and Russia (Berezin and Beiko, 1996). In 2004, 99,000 acres of

greenhouse tomato production were pollinated worldwide by bumblebees.

FIGURE 1. Geographical distribution of bumblebees based on color
pattern (Source: Williams, 1988).

OBJECTIVE
The main objective of this research was to:-

= collect and record from the upper northern parts of Thailand.

METHODOLGY
Sites of collection
Chiang Mai, Chiang Rai, and Nan provinces were monthly visited to collect

bumblebees (Figure 2).
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FIGURE 2. Locations of bumblebees collection in the northern Thailand.

Samples collection

The bumblebees were directly collected from the flowers and chilled in an ice box for
20 minutes. The chilled specimens were examined. Firstly, the collected species were
killed in a killing jar and preserved for further identification in the Mae Fah Luang

Entomology Museum.

RESULTS
The species of bumblebees were recorded from the three provinces are listed in Table

1. All three species of bumble bees were long tongued and buff-tailed bumblebees.



Table 1. List of bumblebees species observed in the northern parts of Thailand.

Species

Location

Altitude (m)

B. haemorrhoidalis

B. trifasciatus

B. breviceps

long-tongued species

long-tongued species

long-tongued species

Doi An Khang,
Doi Inthanon,
Doi Suthep
Doin Tung
Doi An Khang,
Doi Inthanon,
Doi Suthep
Doin Tung

Doi An Khang,
Doi Inthanon,
Doi Suthep
Doin Tung

900-1476

900-1476

900-1476

5mm

Figure 3. Long tongued bumblebee, B. haemorrhoidalis collected from Doi An

Khang, Chiang Mai. 13, March, 2008.



DISCUSSION

The results show that three species of bumblebees; B. haemorrhoidalis, B.
trifasciatus, and B. breviceps were found in the mountainous areas of the upper
northern Thailand. Three species; B. haemorrhoidalis, B. trifasciatus, and B.
breviceps were found between 900-2100 m in Doi Ankang, Doi Suthep, Doi Inthanon
(Chiang Mai Province) and Doi Tung (Chiang Rai Province). However, these species
were not observed below 850 m. B. haemorrhoidalis, and B. trifasciatus were
observed flying after 10:00 PM. Before 10:00 PM, non of them were observed. All
three species were observed foraging on cultivated varieties of spring flowers. B.
haemorrhoidalis queens emerged in the mid of March. The workers were observed in
April and May. B. breviceps was observed in June in Doi Tung, Chiang Rai. This
species was also foraged on cultivated plants. Previous report indicated that there are
six species of bumblebees are existed in Thailand. However, only three species, B.
haemorrhoidalis, B. trifasciatus, and B. breviceps were found in the northern parts of
Thailand. It may be due to the limited geographic distribution in Thailand (Williams,
1998). Probably, the other species of bumblebees are existed in the middle and
southern parts of Thailand, or are already declined or extinct from Thailand is still

unclear issue.

CONCLUSION

Three species of long-tongued bumblebees; B. haemorrhoidalis, B. trifasciatus, and
B. breviceps are existed in 900-2100 m of the northern parts of Thailand. Bumblebees
are increasingly cultured for agricultural use as pollinators because they can pollinate
plant species that other pollinators cannot by using a technique known as buzz
pollination need urgently study and conservation in order to protect the native plant

species.

RECOMMENDATIONS FOR CONSERVATION
) Bumblebees habitat should be protected. Habitat should include plentiful
food (pollen and nectar resources), abandoned rodent burrows in which to
nest, and probably proximity to water sources (lakes, rivers, and streams)

for prolongation of flowering plants as food sources for bumblebees.



(i1) Development of checklist of Thai bumblebees.

(iii))  Development of quick guide for Thai bumblebee fauna (genus Bombus).
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