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ABSTRACT

PCR-RFLP of three mIDNA regions (srRNA gene, IrRNA gene and intergenic COI - COIl
region) were used to investigated the distribution of northern and southern Apis cerana populations
of 89 colonies from Prachuap Khin Khan and Chumphon provinces. Three, four and eight
haplolypes were obtained from Oral digestion of PCR- amplified 410 bp srRNA gene, 755 bp IrRNA
gene and 1710 bp intergenic COI - COIll region, respeclively. These three miDMA regions
generated 11 composite haplotypes. Twelve composite haplotypes were generated when samples
from Yunnan and Hanoi were included. A UPGMA phenogram based on genetic distance allocated
A. cerana in these provinces into 2 distinct groups : northern and southern. Their distribution areas
had overlapped in Amphur Bang Sapan (Prachuap Khiri Khan), Bang Saphan Noi (Prachuap Khiri
Khan), Tha Sae (Chumphon)} and Pa Thiu (Chumphon). Only one type of intermediate haplotype,
BAB was found in this contact zone wilh low frequency indicated that northern and southem
populations of bees in Thailand were colonized by separate population. The northern population of
A. cerana in Thailand might be colenized by bee from Vietnam.

Motably, private haplotype of all amplified regions were found from one sample in
Prachuap Khiri Khan. The compesite haplotype, CED, was extremely different from all samples
having marphalogical similarity. It was suspected to be the other species. Further study is needed
o be camied out to clarify their actual taxpnomic status,

Microsatellite DNA analysis of 4 geographic samples (1. Central, 2. South, 3. Prachuap
Khiri Khan and 4. Chumphorl) was performed by using A. mellifera microsatellite primers. Three
microsatellite loci (A28, A107 and A113) showed polymarphic. PCR products of loci A28 and A107
were very difficult to accurately score because of their stutter bands nature. - The heterozygosities of
A. cerana were estimated from microsateliite loci A113 was 0451 = 0.550. The analysis of
geographic differentiation indicaled ne differentiation of four geographics of A. cerana. Therefore,

crossed mating of male bees in the contact zone (Prachuap Khiri Khan and Chumphon) might
occurred.
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INTRODUCTION

The eastern honeybees, Apis cerana is widely distributed over vast areas of Asia.
Rutter (1988) has distinguished four subspecies : 1) A. cerana cerana (samples from Afghanistan,
Pakistan, north India, China, north Vietnam, 2) A. cerana indica (south India, Sri Lan Ka, Bangladesh,
Berma, Malaysia, Thailand, Indonesia and the Philippines), 3} A. cerana japonica (Japan and Korea),
4) A, cerana himalaya (Napal and including the mountains in Thailand : Chiang Mai).

Geographic population differentiation of A. cerana in Thailand was studied using
morphometric analysis (Sysvester, 1998), PCR-RFLP of three regions of mtDNA : small subunit
ribosomal RNA (srRNA) and large subunit ribosomal RNA (IfRNA) genes and intergenic COI-COII
{Sihanuntavong et al., 1999), microsatellite analysis (Sittipraneed et al., 2001 a) and sequencing of
IFRNA ‘gene (Sittipraneed ef al, 2001 b). Results from morphometric, PCR-RFLP and sequencing
analysis defined A. cerana in Thailand into three different groups (northern, southem and Samui
Island). However, further differentiation of the north-east population from the northern latitude bees
were found from microsatellite analysis.

From above studies, population diiferentiation between southem and Samui Island can
be explained by changes in sea level during the Pleistocene epoch (Dall et al., 1990). The most
recent 200 meters rise in sea level in this area accured approximately S000 years ago (Pinaka,
1994),

Two populations of A. cerana in Thailand (northern and southern populations) were
allocated different from each other. Two hypotheses were possible. First, mutation and natural
selection paralleled with migration might cause the spitting of A. cerana from one population to two
populations. Or another, two groups of A. cerana, which had different genetics, had colonized in
each population area (northern and southem area). To study which hypotheses is most likely, this
research is aimed to study the distribution of two populations of A. cerana in contact zone (the
borderline region of northem and southem populations) using PCR-RELP on 3 mitochondrial DNA
(mtDMA) regions, including srRNA gene, IrRNA gene and intergenic COl — COll-regions. If the
hypothesis of intergradation is correct, intermediate haplotypes between composite haplotypes of
northern and southern populations will be found in the contact zone. If the hypothesis of colonization
is correct, the common haplotype found in the contact zone will be the same as common haplotype
of the other areas. Also, gene flow of both male and female will be studied by using micosatellite

analysis (locus A28, A107 and A113).



MATERIALS AND METHODS

Samples collection

Adult honeybees worker (A. cerana) from natural colonies or unmanage beekeeping's
cases were individually collected by immediately preserved in 85% ethanol at ambient temperature

for 1 - 5 days during transportation and then stored at 4 °C for later use. The sampling areas and

sample sizes was shown in Table 1.

Table 1 Sampling areas and sample sizes of A. cerang used in this study

Sampling area colonies (N)
Prachuap Khir Khan province
Hua hin 3
Pran buri 1
Kui burd 2
Muang 1
Thap sakae 8
Bang saphan 19
Bang saphan noi 17
Total &1
Chumphon province
Tha sae 10
Fa thiu a
Sawi 4
Muang 15
Total a8
Central
Makomn pathom 2
Suphan buri 2
Samut songkhram 8
Samut phakan 1
Chunthaburi 3




Sampling area = colonies (N)

Trat 4

o Tatal 20

South
Suratthani - 5
Ranong 6
Phang nga 2
Krabi 3
Nakhon sri thammaral 1
Trang 1
Phatthalung | 2
Tatal - 20 T

China (Yunnan) 5
Vietnam (Hanoi) 1

DNA extraction

Total DNA was extracted from a thorax of each A. cerana individual using the modified
method of Smith and Hagen (1887). The DhA concentration was then roughly estimated using a

mini-gel method (Maniatis ef al., 1982).

Amplification of mitochondrial DNA

Three mitochondrial DNA regions (srRMNA gene, IrRNA gene and intergenic COI-COII
region) were amplified by PCR using canditions of Sihanunlavang (1999). Amplification reaction was
performed in 25 pl reaction mixture-containing 50 ng template DNA, 200 puM each of dNTPs (dATP,
dCTP, dGTP and dTTP), IxPCR buffer (10 mM Tris-HCI pH 8.3, 50 mM KCI) 2.5 - 3.0 mM MgClL,, 0.1
UM each of primers and 0.6 unit of Ampli Taq DNA polymerase (Perkin Elmer). The reaction was
predenatured at 94 °C for 1 minute following by 35 cycles of a denaturating step at 94 °C icr 1
minute, annealing step for 1 minute and extension step at 72 “C for 2 minutes, the last extension at 72
“C for 10 minutes. Appropriate MgCl, concentrations and annealing temperature for amplification of
each region were illustrated in Table 2. Aliquots of the amplified DNA fragments were
slectrophoretically analyzed in agarose gel. The remaining solution of the successed amplification

was then subjected to restriction analysis.



RFLF analysis of amplified DNA fragment

Approximately 500 ng of PCR products from each individual was digested with 5 unit of
Dral in 20 ! of reaction mixture using the conditions recommended by the manufacturer (Bochringer
Mannheim). The digests were electrophoratically analyzed through 2.5 - 3.5% MetaPhor agarose gel

(FMC) and visualized under a UV light after ethidium bromide staining (Maniatis et al., 1982).

Table 2 Primer sequence, annealing temperatures. concentrations of primers and MgCl, used for
PCR amplification of A. cerana mitochondria genes. Primer sequences and their positions

were inferred from A. mellifera (Crozier and Crozier, 1993).

-

;
Gene Sequence Position | Annealing | Primer | MgCi
temp. conc. | conc.
(c) (uM) | (mM)
ITRMNA, 5 CTATAG GGTCTTATGGICCC ¥ 13708 53 0.10 a0
§' TTT TGTACC TIT TGT ATC AGG GTT & 14447
STRNA 5' AAA AAG GTT CAAACT GGG ATT AGATACCCC ' | 14588 53 0.10 3.0
5 TGA CTG CAG AGG GTG ADG GGC GETGTGT 3 14206
InerCOICON | & TTG ATT TTT TGG TCA TCC AGA AGT 3 2492 &3 0.10 45
5' CCA CAA ATT TCT GAA CAT TGACC 3 47212

Microsatellite analysis

Three loci of microsatellite DNA (A28, A107 and A113) of A, cerana were amplified by
PCR using A. mellifera microsatellite primers and using conditions modified from Laoaroon (2001).
Amplification reaction was carried out in 10 i of a mixture containing approximately 20 ng of
genomic DMNA isolated from each individual of A. cerana, 400 mM of each primer, 75 uM each dATP,
dCTP, dGTP and dTTP, IxPCR buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI1), 0.4 unit of Ampli Tag
DNA polymerase (Perkin Elmer) and an oplimal concentration of MgCl,. The reaction was
predenaturated at 94 °C for 5 minutes following by 30 cycles of a denaturating step at 94 °C for 30
seconds, annealing step for 30 seconds at an optimal annealing temperature and extension step al
72 °C for 10 minutes (Table 3). After the amplification process was completed, the size of amplified

microsatellite DMA was estimated using denaturating polyacrylamide gels electrophoresis,



Standard marker of microsatellite allele

The sequencing marker was prepared using silver sequencing kit (Promega). The
reaction mixture contained 4 pg of pGEM-3zf{+), 3.2 il of 5x DNA sequencing buffer (250 mM Tris-
HCI pH 9.0, 10 mM MgCl, ), 3.6 pl of pUC/M 13 forward primer (4.5 pmol), 3.4 1 of sterile water and
5 units of sequencing grade Tag DNA polymerase. The reaction mixture was completed by added
16 pul mixture in four microfuge tubes which each tube contained d/ddNTP mix. The reaction tube
was placed in a thermal cycle that had been preheated to 95 °C for 2 minutes following by 60
amplification cycles of 95 °C for 30 seconds and 70 °C for 30 seconds. When the thermal cyeling
was completed, 3 pl of DNA sequencing stop solution (95% formamide, 10 mM NaQH, 0.05%
bromphenol biue, 0.05% xylene cyanol) was added into each tube. The sequencing marker was

heated and loaded on the same gel of the amplified microsatellite DMNA from vanous samples,

Table 3 Primer sequences and PCR conditions for the 2 microsatellite loci used to screen for

polymaorphic loci in A. cerapa.  Primer sequences were taken from Estoup ef al. (1994,

1995) and Oldroyd et al. (1997, 1998)

Locus Core sequence Primer sequence (5' 10 3) MgCl, Annealing
(mba) Temp.
('c)
A28 | (cCm),GCTICET), (ETL TTIET), GAAGAGCGTTGGTTGCGAGG 16 55
GCCGTTCATGGTTACCACG
A107 | (GCTC), (GCT), (CTY, CCGTGGGAGGTTTATIGICG 12 §5-57
CCTTCGTAACGGATGACACS
A113 | (TC), C(TC), TT(TC), TT(TC), TI(TC), | CTCGAATCGTGGCGTCC 16 58
CCTGTATTTIGCAACCTCGC

Size estimation of amplified microsatellite DNA using denaturating polyacrylamide gels

The amplified microsatellite DNA was mixed with loading dye buffer (95% formamide,
10 mM NaOH, 0.05% bromphencl blue, 0.05% xylene cyanol) at ratio of 2 : 1. The mixing solulion
was heated at 95 "C for 10 minutes and immediately snap-cooled on ice. Nine and six microlitres of

pGEM sequencing marker and amplified DNA samples was electrophoresis on 8% denaluraling




polyacrylamide gel. Electrophoresis was carried out with constant watt at 45 for 3, 4 and 4.5 hours

for locus A28, A107 and A113, respectively.

Sliver staining

Sequencing gel was fixed in 10% acetic acid for 20 minutes at room temperature. After
washed 3 times for 2 minutes each with deionized water, then the gel was soaked by shaking for 30
minutes in a staining solution (0.6 mM of silver nitrate and 0.056% formaldehyde). After rinsed with
ultrapure water for 5 - 10 seconds then placed the gel in cogled developing solution (0.03 M sodium
thiosulfate} until microsatellite bands were cleary visualized. The gel was fixed in 10% acetic acid
for 5 minutes and briefly rinsed with deionized water. The gel was air-dried and could be kept

permanently at room lemperature,

Data analysis

Restriction fragment data analysis

Restriction profiles fram each region were alphabetically coded in order of appearance.
Each bee was assigned a three-letier code amanged according to DNA region from that which gave
the lowest number of restriction patterns (srRMNA gene) to that which provided the highest number af
restriction patterns (intergenic COI = COIl region) to describe ils composite haplotype. The genetic
distance between mtDNA composite haplotypes, haplotype and nucleotide diversity within samples,
and nuclectide divergence between samples (dxy) were calculated (Nei, 1987). Al statistical
parameters described above were calculated using REAP (McElroy et al., 1992). Fst was computed
after Weir and Cockerham (1984) using GENEPOP (Roymond and Rousset, 1995). A phenogram,
based on percentage of sequence divergence between pairs of composite haplotypes, was
constructed using UPGMA implemented in Phylip 3.56 C (Felsenstein, 1993). Genetic heterogeneity
between geographic samples was estimated after Roff and Bentzen (1989) using the MONTE routine

from REAP.

* Microsatellile analysis

An eleclrophorelic pattern referred to a genotype of each A. cerana individuals was

inferred from segregation of PCR product size for each microsatellite locus. Therefore, the genotypic



state could be divided 1o homozygotic (single band) and heterozygotic slates (double band),
Mevertheless, the PCR products, appeared as stutter band, which are cc!mmnn for dinucleotide
microsatellites and result from polymerase slippage during PCR amplification. Accordingly, scoring
of a particular band can be carried out by making an assumplion that an actual band of a given
allele was the most intense band among the group of stutter band. The allele sizes were defined in
base pair length (bp) by comparing their migration with pGEM sequencing marker. For each A.
cerana individual was recorded to be either homozygote or heterozygote. And the allelic stage was
recorded from each individual for each locus,

The number of alleles, allele frequencies, observed and expected heterozygosity of
each microsatielite locus were estimated in each population {Nei, 1987). Geographic heterogeneity
in alleles distribution frequencies between compared geographic populations or regions were
carried out with the Markov ghain appioach for e analysis (Guo and Thompson, 1992). The Fst
between pairs of population was tested o determine if Fst was statistically significant different from
2ero Mefr and Cockerham, 1984). These population genetic paramelers were analyzed using
GENEPOP (Raymond and Rousset, 1895).



RESULT

DMA extraclion

High molecular weight DNA larger than 23.1 kb was extracled from thorax of each A,

cerana individual. The concenlration of extracted DNA was 1.0 - 1.5 pg per individual.
PCR-RFLP of IrRNA gene, srRNA gene and intergenic COl —COIl region

The amplified products of the srTRNA and IrRINA genes and the intergenic COI -COll
region obtained were 410,755 and 1710 bp, respectively (Figure 1). Length polymorphism were nol
observed in any individuals investigated. Digestion of PCR products of srRNA gene, IFrRNA gene and
the intergenic COI -COIl with restriclion endenuclease Dral yielded three, four and eight digestion
patterns (haplotypes). respectively (Figure 2 - 4], The DMA fragments size of all haplotypes were
summadnzed in Table 4.

The interconnection between three haplotypes (A, B and C) obtained from Dral
digestion of srRMA gene was shown in Figure 5a. For example, interconnection of haplotype A (320,
42 and 38 bp) and haplotype B (160, 160, 42 and 38 bp) can be explained by a loss (or gain) of a
single restriclion site. Haplotype C (160, 160 and 80 bp) interconnected with haplotype B (160, 160
42 and 38 bp) by a single loss {or gain} of restriction site.

The netwark showing relationships among four haplotypes (A, B, C and D) of Dral
digestion of IFRNA genes and eight haplotypes (A, B, C. D, E. F, G and H) of Dral digestion of the
intergenic COI - COIl were shown in Figure 5 b and Figure 5 ¢, respectively.

Geographic distribulions of composite haplotypes in A. cerana

A restriction fragment patiern of each A. cerana individual from the single enzyme
digestion was combined to generale composile haplotypes. The composite haplotypes for each
individual (colony) were designed by 3 letter code representing the Dral digestion of three regions,
srRNA gene, IFRNA and the intergenic COI - COIll region, respectively. The total 12 composite
haplotypes were observed (Table 5). Composite haplotype, AAA, was the most common composite
haplotype found in 39% of 95 individuals investigated. This composite haplotype, was distributed in
Prachuap Khiri Khan (31 colonies). Chumphon (5 colonies) and Hanoi (1 colony). The composite
haplotype, BBB, was found in 22 (23%) out of 95 individuals investigated. Twenty and two
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Figure 1 PCR -amplified DNA from each individual was electrophoresed : a) srRNA gene

(410 bp) b) IrRNA gene {755 bp) and C) intergenic COI - COIl region (1710 bp)

lane m = MHind lll standard DNA marker

lane M = 100 bp DNA ladder

lane M = Negative control

lane 1-5 = Anexample of PCR -amplified DNA patterns from 5

A. cerana individuals
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Figure 2 Three haplotypes were cbserved from Dral digestion of amplified mitochondrial

srRMA gene of A. cerana in Thailand.

lana M = 100 bp DMA ladder
lane'm = 25 bp DNA ladder
lane 1-4 = Undigested DNA, haplotype A, B and C, respeciively
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Figure 3 ‘Four haplotypes were observed from Dral digasted of amplified mitochondrial

IrRMA gene of A, cerana in Thailand.

lane M = 100 bp DA ladder
lane m = 25 bp DNA ladder
lane 1-5 = Undigested DNA, haplotype A, B, C, D and E, respeclively
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Figure 4 Eight haplotypes were observed from Dral digested of amplified mitochondrial

intergenic COI - COIll regions of A. ¢erana in Thailand

lane M = 100 bp DNA ladder
lane m = 25 bp DNA ladder
lane 1-9 = Undigested DNA, haplotype A, B, C,. D, E, F, Gand H,

respectively
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Table 4 Summary of restriction patterns of Dral digested amplified DNA from three different regions in milochandrial gencme of A. cerana

a. stRNA b. IfRNA ¢. Intergenic COI-COII regions
bp A B C bp A B D E bp e B C D E F @ H
30 — 350 L2\ \'g50
160 2 22 A — 620 —
%0 — 152 4 050\ N -
g = T 148 & 240 e —
B’ — — 130 — — - 210 SRS SEEAEE
total(bp) 400 400 400 120 = z 170 == IR
90 160 — —
80 140 —
60 130 —
50 100 e
40 50— -2
7% . 85 e S - 3 e ek
total(bp) 750 747 750 740 60 —_—
50 =2 =
45 e
40 S
30 —_
folal(bp) 1710 1700 1700 1700 1715 1700 1710 1680
____ = one fragment, _Xn = Repealed fragments

* This fragment was not observed on the electrophoresis gel, but inferred from DNA sequencing data of this gene region
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Figure 5 The most parsimonious networks based on Dral digestion of PCR-amplified DNA of a)
s(RNA gene, b) IrRNA gene and c¢) intergenic COI-COII region of A. cerana in Thailand.
Arrows indicate restriction site losses and not necessarily indicate evolutionary direction.

Cross bars indicate the number of point mutation,
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Table 5 Geographic distribution frequency of 12 compaosite haplotypes in four geographic locations

resulted from Dral digestion of srRNA gene, IrRNA gene and intergenic COI - COIl regions

Composile Geographic distribution frequency (no. of individuals) Total

Haplotype Prachuap Chumphon Yunnan Hanoi
AAA 0.61 (31} 0.13 (5) 1.00 (1) 0.39 (37)
AAB 1.00 (5) 0.05 (5)
AAG 0.02 (1) 0.01 (1)
ADA 0.27 (14) 0.08 (2) 0.18 (17)
ADH 0.05(2) 0.02 (2)
BAB 0.04 (2) 0.10 (4) 0.07 (8)
BAC 0.03 (1) 0.01 (1)
BBB 0.04 (2) 0.53 (20) 0.23 (22)
BBC 0.0 (1) 0.01 (1)
BBE 0.03 (1) 0.01 (1)
BBF 0.03 (1) 0.01 (1)
CED 0.02 (1) ; 0.01 (1)
Total 1.00 (51) 1.00 (38} 'l.ﬁﬂ (5) 1.00 (1) 1.00 (95)

I 2074994x
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individuals were observed in Chumphon and Prachuap Khiri Khan, respectively. Compasite
haplotype ADA (18%) was found in 14 and 3 individuals from Prachuap Khiri Khan and Chumphon,
respectively. Composite haplotype BAB (7%) was observed in 4 individuals from Chumphon and 2
individuals from Prachuap Khiri Khan. In addition, other 8 composite hapoltypes were found in low
frequencies at particular location. All individuals from Yunnan (5 colonies) had AAB haplotype.
Sample from Hanoi had AAA composite haploylpe. Distribution of composite haplotypes within each
location is shown in Figure 6. The relationship among all composite haplotypes found in this study
are illustrated in Figure 7. Five mutation steps were found between the most two common
haplotypes (AAA and BBE). Composile haplotype AAB and BAB were the intermediate haplotypes
between AAA and BBB. The genetic distances of these composite haplotypes are shown in Table 6.
The value of genelic distances were ranged from 0.0047 to 0.0826. Distance values were used lo
reconstrucl a dendogram using unweighted pair group method (UPGMA) (Figure 8). The
phenogram indicated that the 12 compaosite haplotyes of A. cerana could be allocated into 3 groups
(A, B and C). Group A composed of ADA, AAA, ADH and AAG, where as BEF, BEB, BBE, BEC,
BAC. AAB and BAB were in Group B. € group composed of only one composite haplotype CED.
Group A was mainly observed in Prachuap Khin Khan and group B was in Chumphon, but the
distribution of some composite haplotypes (AAA, BEB, ADA and BAB) indicated the overlapping of
these two groups in contact zone (Figure 8},  The distance between haplotypes AA4 and BBB was 5
paint mutation steps. Among these mulation sleps, the intermediate composite haplotypes, AAB and
BAR, were observed, Distance between AAE and AAA was 3 mutation steps and distance between
AAB and BBB was 2 mutation steps whereas distances from BAB to AAA and BEB were 4 and 1
mutation steps, respectively.

Haplotype and nucleotide diversity within population for 4 geographic locations were
illustrated in Table 7. Bee samples from both Chumphon and Prachuap Khiri Khan showed igh
haplotype diversity of 0.7013 and 0.5624, respectively, whereas those of Yunnan and Hanoi were
least (0.0000). The average haplotype diversity was 0.3159. The highest nuclectide diversity was
observed in bee from Chumphon {1:49%) following by those from Prachuap Khin Khan (0.85%),
while those of Yunnan and Hanoi were 0%. However, percentage of nucleotide diversity of Yunnan
and Hanoi might be changed because the sample size of both was only five and one colonies

respectively. The average nucleotide diversity was 0.58%.
According to the result in Table 8, nucleatide diversity of all pairwise comparisons were

low. The average nuclectide diversity between two populations was 1.58%. The tolal nuclectide

divergence of all populations was low (1% in average).
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Figure 6 Distribution of miDNA compaosite haplotypes within each sampling location of A. cerana in
Thailand. Especially, Prachuap Khiri Khan and Chumphon provinces (North, North-east,
Central, South and Samui datas referred to Sihanantavong, 1999)
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Figure 7 Phylogeographic pattemn deduced from mtDNA composite haplotypes of A. cerana in
borderline region between northern and southern populations in Thailand. Number along

connected line indicated inferred mutation steps.
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Table 6 Estimate genetic distances among 12 composite haplotypes resulted from Oral digested amplified DNA fragment of stRNA genes, IrRNA gene and intergenic

COI - COll regions in A, cerana mitochondrial genome.

AAA ADA ADH AAG PBB BBF BBE BBC BAC BAB AAB CED
AAA
ADA | 0.0057
ADH | 0.0145 | 0.0075 -
AAG | 00117 | 00181 | 0.0181 . Sl
BBB | 00289 | 00371 | 00371 | 00325 .
BBF 0.0371 0.0461 0.0461 0.0406 0.0047 -
BBE | 0.0307 | 00388 | 00325 | 00342 | 00047 | 0.0007 .
BBC | 00371 | 00461 | 00461 | 004068 | 00047 | 00062 | 0.0097
BAC | 00289 | 00371 | 00371 | 00325 | 01030 | 00118 | 0.0158 | 0.0047
BAB | 00214 | 00289 | 00289 | 00250 | 0.00s0 | 00103 | 00103 | 00103 | 0.0050 .
AAB | 00145 | 00214 | 00214 | 00181 | 00110 | 00168 | 00169 | 00169 | 0.0110 0.0053
CED | 00523 | 00544 | 00804 | 00026 | 0480 | 00507 | 00507 | 00507 | 00585 | 0.0565 0.0804 .
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Figure 8 A UPGMA dendogram showing the relationships among twelve composite haplopypes
based on Dral digestion of PCR amplified DMA of srRMA gene, IrRMA gene and intergenic

COl - COll regions of A. cerana in borderine region between northern and southem

populations.

20



'\."1....- we -.‘-

-

THInIMTmuUN I NEe

g e

Pran buri
S

The Union of
/\_q/ Myanmar

uap Khiri Khan
Muang
A
100%

",

2 T

ang saphan noi

C
7%

* 5": Muang
Chumphon B

100%

Figure 9 Distribution of distinct groups (based on UPGMA phonogram of genetic distance) of A.

cerana in Prachuap Khiri Khan and Chumphon provinces.

21



Table 7 Haplotype and nucleotide diversity within population for four geographic locations of A

cerana in Thailand

Population Haplolype diversily Nuclectide diversity
(h +/- S.E.) (%)
Prachuap 0.5624 +/- 0.05986 0.853
Chumphan 0.7013 +/- 0.07323 1.480
Yunnan 0.0000 +/- 0.00000 0.000
Hanoi 0.0000 +/- 0.00000 0.000
Average 0.3159 +/- H.Dﬂdl-]? 0.589 +/- 0.0013

Table 8 Nucleotide diversity {above diagonal) and divergence (below diagonal) between

populations for four geographic locations of A, cerana

Prachuap Chumphon Yunnan Hanoi
Prachuap - 0.023580 0.017278 0.004795
Chumphan 0.011860 - 0.012682 0.022211
Yunnan 0.013014 0.005235 - 0.014512
Hanoi 0.000531 0.014764 0.014512 -
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Monte Carlo simulation was used for geographic heterogeniety analysis. The significant
difference in composite haplotype distribution frequencies among 4 geopgraphic locations of A
cerana were shown in Table 9. High significance in haplotype frequencies were observed implying
the existence of population subtraction within A, cerana (P< 0.0001) (Only pairwise comparisons with
Hanoi individual were shown P= 0.0001).

Genotypic disequilibriums of 3 regions on mtDNA were resulted as significant values
from B9 samples (Table 10). Testing in Prachuap Khiri Khan and Chumphon populations, there was
no linkage disequilibrium detected. High significance between two populations were shown (P =
0.0000 - 0.0071). For all populations, genolypic diseguilibrium of mIDNA among 3 regions was also
highly significant (P< 0.0001). Geographic heterageneity analysis indicated highly significant
differences in distribution of miDNA haplotypes of Prachuap Khid Khan and Cnumphon pairwise
comparisons (P< 0.0001, Fst =0.3061 - 0.594E) (Table 11). The everall Fst was 0.45871.
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Table 9 Geopraphic heterogeneity analysis in distribution frequency of composite haplotype amang

four A. cerana locations based on Dral digestion of srRNA gene, IFRNA gene and

intergenic COI -COIl region.

Prachuap Chumphon Yunnan Hanoi
Prachuap -
Chumphon P< 0.0001
Yunnan P< 0.0001 P< 0.0001 =
Hanoi P=0.6732 P =0.2849 P =0.0448 -

Table 10 Genotypic disequilibrium of sSrRMA gene, IrRNA gene and intergenic COI -COll regions of

A. cerana in Thailand

srRNA IrRNA Intergenic COI -COIl
srRMNA g
IrRNA <0.0M -
Intergenic COI -COIl < 0,001 < (.00 -
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Table 11 F-statistic among four A. cerana locations based on Dral digestion of stRNA gene, IrRNA

gene and intergenic COI - COIl regions

Sample STRNA IrRNA Intergenic COI-CIOII
Fst P-value Fst P-value Fst P-value
Pruchuap-Chumphon 0.5046 | <0.0001 0.2061 =0.0001 0.4979 | <0.0001
I;;eru.}ap-\'unnan -0.06643 1.0000 0.0899 0.2531 0.7963 | <0.0001
Pruchuap-Hanoi -0.2738 1DﬂﬂD g -0.0671 0.6346 -0.2681 1.0000
Ehumphmv‘funnan 0.5737 0.0035 0.4341 0.0035 0.0715 0.2005
Chumphon-Hanoi 0.5207 0.0893 0.3552 0.1026 0.3892 0.0637
Yunnan-Hanoi = - - 1.0000 0.0476

Fst P-vaiue

SrRNA, 0.5729 <0.0001

IrRNA, 0.3026 <0.0001

intergenic COl -COIll 0.5154 =0.0001

All 0.45871
3 ¢ infinity Df: 6
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Microsatellite analysis

Genetic varialion of three microsatellites DNA

Microsatellite analysis using three microsatellite loci (A28, A107 and A113) were
performed in order to study genetic variation in the borderline region between northern and southern
populations of A. cerana in Thailand. The amplified-PCR products, were identified in 8% denaturing
polyacrylamide gel with pGEM sequencing marker. Even though highly polymorphic were observed
at locus A28 and A107 (Figures 10 a and 10b), but these polymorphic loci (A28 and A107) were not
used for analysis. Since they showed various stutter bands that were difficult 1o score both size and
number of amplified products. Then, only A113 locus was used for analysis (Figure 11).

Central and southemn populations of A. cerana from flanking region of Prachuap Khiri
Khan and Chumphaon were also used in this analysis. Therefore, 4 gecgraphic samples included 129
individual colonies in total (central @ 20, southem : 20, Prachuap Khir Khan ; 51 and Chumphon ; 38),
were analyzed. The results Showed that locus A113 had four alleles (175, 180, 185 and 195 bp).
Only a 175 bp allele was found in samples from southern population. A1B0 bp allele was found cnly
in central and Prachuap Khiri Khan samples with relatively low frequencies. In contrast, 185 bp allele
was observed in highest frequency. Its frequency was 0.625, 0.650, 0.706 and 0.684 for central,
southern, Prachuap Khiri Khan and Chumphon samples, respectively. The frequency of 195 bp
allele was 0.350, 0.325, 0.284 and 0.316 for central, southern, Prachuap Khiri Khan and Chumphon
bee samples, respectively. All allele frequency distributions of microsatellite locus A113 were shown
in Figure 12 and Table 12

The observed heterozygosity (Ho) and expected heterozygosity (He) of microsatellite
loci A113 of four geographies were shown in Table 12, The average observed helerozygosities
ranged from 0.451 (Prachuap Khiri Khan samples) to 0.550 (central samples). These observed
heterozygosities were equal to the expected heterozygosilies.

Geographic heterogeneity of allele frequency of four geographic samples was showir in
Table 13. 'No significance in distribution of alleles frequency was observed in all populations ( p =
D.6017).

intraspecifically geographic differentiation of four gecgraphies of A. cerana were
supporied by F-statistics (FST). The average F5T value was -0.01035. Genetic differentiation do not

exist in these populations (Table 14).
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Figure 10 Microsatellite pattern of A.cerana individuals at locus {a) A28 (lane 1-12)
(b) A107 (lane 1-11)

pGEM sequencing marker was used as a standard
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pGEM sequencing marker was used as a standard
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Figure 12 Allele frequency distributions at the microsatellite locus A113 from Central (n =
20), South (n = 20). Prachuap Khiri Khan (n = 51) and Chumphaon (n = 38)
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Table 12  Allele frequencies, number of allele, observed and expected helerozygosity of

microsatellite A113 in four geographic samples of A. cerana in Thailand

Allele Central South Prachuap Chumphon
{bp) (N = 20) (N = 20) (M= 51) (N = 38)
175 - 0.025 -
180 0.025 - 0.010 -
185 0.625 0.650 0.708 0.684
180 0.350 0.325 0.284 0.316
Number of alleles 3 3 3 2
Observed heterozygosity 0.550 0.500 0.451 0.474
Expected heterozygosity 0.456 0.471 0.425 0.434
N = Numberefspecimen examined

Table 13 Geographic heterogeneity analysis of four geographic samples of A. cerana in Thailand

using microsatelite locus A113

Central South Prachuap Chumphon
Central -
South P = 1.000" -
Prachuap P=0.412" P=0.481" -
Chumphon P=0.375" P=0.434" P=0.851" -

ns = not significant
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Table 14 F-statistics for microsateliite analysis loci A113 each pair of four geographic samples of A,

cerana in Thailand

Central South Prachuap Chumphon
Central
South -0.0211 =
(P = 1.0000)
Prachuap -0.0036 -0.0103
{P = 0.454) {P = 0.5988)
Chumphon 0.017 -0.016 -0.0089
(P = 0.5667) (P = 0.8288) (P =0.7292)

F-statistics for microsatellile analysis locus A113 of four geographic populations of A. cerana In

Thairam:f. the average FST value across overall geographic samples was -0.0104 (P = 08287).
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DISCUSSICON

The PCR products of 410, 755 and 1710 bp were obtained from amplification of srRNA
genes, IrRNA gene and intergenic COI - COIl regions, respectively. Dral digestion of amplified
products of srRNA genes, IrRNA gene and intergenic CO1 = COIl regions showed three, four and
eight haplotypes, respectively. Eleven composite haplotypes (AAA. ADA. ADH. AAG. BBB. BBF.
BEE, BBC, BAC, BAB, CED) were found in 89 investigated colonies from Prachuap Khiri Khan and
Chumphon provinces. Twelve composite haplotypes (AAA, ADA, ADH, AAG, BBB, BEF, BBE, BBC,
BAC, BAB, CED, AAB) were obtained when samples from Yunnan (5 colonies) and Hanoi (1 colony)
were include. Amaong these lwelve composite haplolypes, 9 composite haplotypes had already
reported (Sthanuntavong, 1958) and 3 new composite haplotypes (ADH, BAB, BAC) was observed in
this study. Their genelic distance were used to reconsiruct 3 dendogram using UPGMA, which was
allocated A. cerana into 3.groups. Group A composed of composite haplotypes, ADA, ARA, ADH
and AAG. Group B composed of BEF, BBB, BEBE, BBC, AAB and BAE and group C composed of
CED. Generally, the composile haplatype of 4. cerana in Prachuap Khiri Khan province was AAA
Whereas, composite haplotype BEB was mostly found in Chumphan. The difference between them
was approximately 5 mutation steps. Sihanuntavong (1999) showed that the intermediate haplotype,
AAEB, which was 2 and 3 mutation steps a fram AAA and BEB, respectively, was found in one sample
each of central and north-east. Surprisingly, this intermediate composite haplotype AAB was found
in 5 colonies from Yunnan (100%) in this stiddy. Six samples of a new intermediate haplotype. BAB,
were found in borderine region of A. ceérana northern and southemn population (4 samples of
Chumphon and 2 samples of Prachuap Khiri Khan). - Restriction site difference from BAB to AAA and
BBB were 4 and 1 mutation steps, respectively.

From our previous study (Sihanuntavong, 1933), the distribution of A, cerana group A
was completely different from group B. Group A was northern population, whereas group B was
southern population. . In this study, overlapping between group A and B was occurred in Prachuap
Khiri Khan and Chumphon, Ninety-two percent of Prachuap Khiri Khan samples were group A and
eight percent were group A ‘and seventy-four percent were group B. The result from this study
showed that amphur Bangsaphan (Prachuap Khiri Khan province), amphur Tasae (Chumphon
province) and amphur Prathe (Chumphon province) were the conlact zone of the northern and
southern A. cerana because overlapping between group A and B of A. cerana was found in these
area.

The haplotype diversity values of Chumphon and Prachuap Khiri Khan were 0.7013 and

0.6524 and nucleolide diversity values were 0.0149 and 0.0085, respectively. Those values weare
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higher than. the values of 5 geographic areas (north, north-east, central, south and Samui Island)
which ranged from 0.1686 to 0.5967 and 0.0014 to 0.0048, investigated by Sihanuntavang (1993}
This clearly showed that genetic diversity was maintained in the contact area. Haplotype diversity
and nucleotide diversity of A. cerana in Yunnan and Hanoi were zero. The geographic
heterogeneities between Prachuap Khir Khan, Chumphon and Yunnan were significant differant (P
<0.0001). In the opposile, each pairwise companson with Hano was not significant different (P =
0.02849 - 0.6732) (Table 9). However. it should be not that haplotype and nucleotide diversity of A.
cerana in Yunnan and Hanoi might be under estimated because the number of sample was too small
(5 colonies of Yunnan and one colony of Hanoi),

The result from mtDNA analysis supported thal 4. cerana in borderline region or contaci
zone had high genetic diversity. The highest diversity was in Chumphon where presented highest
haplotype diversity and nucleotide diversity.

The intermedial composite haplotypes. which could define by mutation steps between
the haplotype AAA and BEB, was found with low frequency in Prachuap Khiri Khan and Chumphon
provinges. Only one type of intermediate haplotype., BAB was found in six samples out of 89
invesligated samples. The olher inlermediale haplolype, AAB which was found in one sample each
from Kanchanaburi and Ubonratchatani provinces by Sihanunthavong (1999) was not found in the
contact zone. However, the intermediat haplotype (AAB) was observed in all five samples from
Yunna (China). Since the intermediate haplotype was found least in contact zone, therefore it is
unlikely that these two Separate mitochondrial lineages are evolved independently from the same
ancient A. cerana. Alternatively, the norihern (group A) and southern (group B) is most likely
colonized by separate populalions.—A-cermna-group-A-might-be-Goldmized by Hanoi honeybees. As
only one sample from Hanoi (Vieatnam) was analyzed in this study, an increase in sample size
investigated may be required. In addition Bugharuang (1996) studied genetic variation of A. cerana
in Thailand using the sequences of mMDNA. intergenic COl —COIl region. The comparisan of these
sequences with those from other countries. Bughardang found that southiern population of Thai A,
cerana was in the same group of Malaysian A. cerana. Therefore, group B of Thai A. cerana might
be continugusly colonized by Malaysian honeybees.

It should be emphasized that composite haplotype CED (group C) which was carried
by one individual in Prachuap Khiri Khan was allocated into different clone. Its genetic distance from
A or B was 3.03% sequence divergence, which was extremely different from all samples. It was
suspected to be the other species. This kind of composite haplotype was previously reported in 2

colonies from southern part of Thailand (Sihanuntavong, 1997).
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Microsatellite marker was additional chasen for this study because it previously showed
genetic differentiation within different geographic samples of A. cerana in Thailand (Sittipraneed,
2001 a). In addition, gene flow mediated from male can be investigated. Three microsatellite loci
(A28, A107 and A113) which had been previously used (Sittipraneed, 2001 a) were selected for this
sludied. In order to reduce cost of the analysis, detection of microsatellite alleles were performed by
using silver stain instead of autoradiography of (“P) dATP incorporated microsatellite DNA. As the
resull, many stutter bands were obtained when microsatellite loci A28 and A107 were analyzed. The
mistake of scoring the molecular size of microsatellite alieles can effect the data analysis. Therefore,
only the result from microsatellite locus A113 was used for the dala analysis. Moreover, the result
from our previous study (Sittipraneed, 2001 a) showed that geographic heterageneity from
microsatellite locus A113 could indicate the different between northern and southern A, cerana
population.

Microsatellite AT13 amalysis of 135 samples from four geographic regions (central,
south, Prachuap Khin Khanand Chumphon) (Table 1) showed that 185 bp was the most comman
alleles. Al populations carfied this 185 bp allelas with high frequencies., The observed
heterozygosity of each population was high (0.451 - 0.550). According to the resulls of each
comparison, P-values were more than 0.05 and FST values were negative. They suggested that
genelic varations among four A, cerana populations and subpopulations did not existed.
Eventhough, genetic difference beétween central and southern populations was nol delected in this
sludy bul clear genelic difference between these population had been reported (Sittipraneed, 2001).
The different result may cause by the efror of sampling area in this study which was near the contact
Zonea,

Thi result from miDNA study showed clear genetic difference between Prachup Khiri
Khan and Chumphon A. cerana whereas microsatellite analysis (nuelear DNA) showed that genetic
difference between samples from these provinces did not exist. The possible explanation was the
crossed mating of male honey bees between these areas. This explanation also supported the
absent of genetic difference in central and southern bees near the contact zone (Prachuap Khiri

Khan and Chumphon provinces) as detected by microsatellite analysis.
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CONCLUTIONS

Resiriction of amplified srRMA gene IrRNA gene and intergenic COI -COIl region of Phrachup
Khiri Khan and Chumphon A. cerana mtDNA with Oral revealed 3, 4 and 8 haplotypes,
respectively. A total of 11 composite haplotypes was found in this area.

The UPGMA, dendogram of populations derived from PCR-RFLP data can devide A. cerana in
Prachuap Khiri Khan and Chumphon into 2 destinct groups : the northern and southern bees.
Contact zone of northern and southem A. cerana populations were Prachuap Khi Khan
{Amphur Bang Saphan and Amphur Bang Saphan Noi) and Chumphon (Amphur Pa Thiu and
Amphur Tha Sae) provinces.

Morthern and southemn populalions of A. cerana in Thailand is colonized by different bee
populations. The northern population might be colonized by bee from Vietnam, whereas the
southern population might be rom Malaysian's bag,

Microsatellile analysis of specimens from Prachuap Khiri Khan and Chumphon using
microsatellite locus A113 showed that genelic population differentiation did not exist in the

contacl zone. Therefore, crpssed mating of male bees might occurred in this area,

T
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