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Description of research carried out:  
  

1. Microsatellite DNA are short tandem repeats that are distributed across all eukaryotic 

genomes. These microsatellite loci are polymorphic in the simple tandem repeats,  so they are 

useful tools for the study of population genetics. Recently, several microsatellite DNA 

markers of invasive fruit fly pests belonging to the B. dorsalis species complex were isolated 

and characterized. They were developed from the genome of the Bactrocera dorsalis sensu 

stricto (Aketarawong et al. 2006, Dai et al. 2004), B. papayae (Shearman et al. 2006), and B. 

invaden (Khamis et al. 2008). Only the polymorphic microsatellite DNA markers were 

subsequently used to infer population structure and colonization process of these fruit fly 

pests in different geographical ranges (Aketarawong et al. 2007, Khamis et al. 2009) and also 

in the control areas (Aketarawong et al. 2011). Some of these microsatellite loci may be 

potential diagnostic tools if they could be applied for cross-amplification among members of 

this complex (Shearman et al. 2006). 

 Our current research aimed to develop and/or evaluate the utilization of microsatellite 

DNA markers for B. dorsalis species complex in order to be an alternative molecular tool for 

inferring the boundary of species populations in their different geographical ranges. Such 

knowledge is necessary for the improvement of the effectiveness of sterile insect technique 

(SIT) and international trade. Initially, a set of established polymorphic microsatellite markers 

were used for screening fruit fly samples reared in several laboratories. Such markers, which 

produce an expected range of sizes of PCR products, were subsequently used for testing fruit 

fly samples collected from areas of the Thai-Malaya Peninsula. This geographical region is 

interesting because at least three species, B. dorsalis sensu stricto, B. papayae, and B. 

carambolae, within the B. dorsalis complex, co-exist either as sympatric and/or allopatric 

populations. The population genetic analyses were carried out in terms of microsatellite 

polymorphic variation, genetic differentiation, and population structure.  

 

2.  Two publications related to Bactrocera dorsalis s. s. and Sterile Insect Technique 

(SIT) were established from our teams. One publication was involved the use of microsatellite 

DNA markers for the evaluation of B. dorsalis s. s. populations collected from two Area-

Wide Integrated Pest Management using SIT programs in Thailand (Aketarawong et al 2011). 

Another one was an isolation and characterization of Doublesex homologous and putative 

promoter regulatory regions in both B. dorsalis s. s. and B. correcta (Permpoon et al 2011). 
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These works should be advantageous to B. dorsalis species complex in order to extend the 

knowledge from B. dorsalis  s. s. to other members of this complex. The potential 

consequence is the increasing of the effectiveness of pest control using SIT in the species 

complex. 
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Progress of results in the first year (March 2010 to February 2011):  

 

1. Fruit fly sampling 

 

 Regarding the objective of primer screening, fruit fly samples include four major 

insect pests belonging to the Bactrocera dorsalis complex (e.g., B. dorsalis sensu stricto, B. 

papayae, B. carambolae, and B. phillippinensis), and one outgroup species, B. correcta. 

These fruit flies were collected from established laboratories and six representative 

individuals from each species were randomly selected for this study.  

 For the population genetic analyses among the Bactrocera dorsalis species complex, 

fruit fly samples were collected from broad geographical ranges, covering areas of the Thai-

Malaya Peninsula, and in addition, three populations collected from laboratories were also 

included (Table 1). All samples, consisting of B. dorsalis s. s., B. papayae, and B. 

carambolae, were classified based on morphological keys (Drew and Hancock 1994), 

metaphase cytogenetic analysis, and host and habitat records. A few populations were 

sampled from sympatric areas of the Thai peninsula, such as B. dorsalis s. s. and B. papayae 

in Prachubkirikun province, and B. dorsalis s. s. and B. carambolae in Ranong province. 

Genomic DNA templates from thirty individuals from each population were initially 

amplified, but only the DNA that provided at least 80% of positive amplification were used 

for the population genetic study. Therefore, the sample size within a single population varied 

from six (BcStI) to 30 (BdRB2, BpStT, and BcStT) individuals with a mean equal to 22.81. 

 

Table 1 Samples of the Bactrocera dorsalis species complex collected from broad 

geographical regions and from laboratory strains 

 
Species Country of origin Population name Sample size 
Bactrocera dorsalis sensu stricto Thailand BdRB1 14 
  BdRB2 30 
  BdPK 30 
  BdRN 27 
B. papayae Thailand BpStT1 30 
  BpPK 8 
 Malaysia BpBS 21 
  BpKJ 17 
B. carambolae Thailand BcStT1 30 
  BcRN 28 
 Indonesia BcStI1 6 

1BpStT, BcStT, and BcStI are laboratory strains. 
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The other analysis was focused on the investigation of population genetic variation 

between two fruit fly species, B. dorsalis s. s. and B. papayae. It aimed to test which 

hypothesis is better described the difference of population variations. In general, two 

hypotheses (ascertainment bias and directional evolution) are involved. The former 

hypothesis is proposed that microsatellite markers tested from the species they are derived 

(focal) should be longer than another species (nonfocal). Therefore, focal species should show 

higher level of population variation than nonfocal. On the contrary, directional-evolution 

suggests that microsatellite markers should always be longer in one of the two species tested 

(Hutter et al. 1998). To see the patterns of our microsatellites, a reciprocal test and statistical 

analysis were performed. Microsatellite loci identified from each of the species were used to 

test B. dorsalis s. s. and B. papayae. Fruit fly samples used for this study were reported in 

Table 2. Classification of such samples were using morphological keys (Drew and Hancock 

1994), metaphase cytogenetic analysis, and host and habitat records. The sample size was 

varied from eight (BpPK) to 30 (BdRN, BdPK, and BdNS1) individuals with a mean equal to 

24.42. 

 
Table 2 Samples of the Bactrocera dorsalis s. s. and B. papayae collected from Thai-Malay 

Peninsula 
 

Species Country of origin Population name Sample size 
Bactrocera dorsalis sensu stricto Thailand BdRB 30 
  BdPK 30 
  BdRN 27 
  BdNS11 30 
  BdNS2 In the process of collection and genotyping 
  BdST 24 
  BdSK In the process of collection and genotyping 
B. papayae Thailand BpPK 8 
  BpNS In the process of collection and genotyping 
  BpSK In the process of collection and genotyping 
 Malaysia BpBS 21 
  BpSB 27 
  BpBP 25 
  BpBT 27 
  BpTB 27 
  BpKJ 17 

1 Samples of BdNS1 are F2 of wild parent
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2. Screening for suitable microsatellite DNA markers  

 

 Polymorphic microsatellite DNA markers isolated and characterized from Bactrocera 

dorsalis s. s. (Hendel) (Aketarawong et al. 2006, 2007) and B. papayae (Sherman et al. 2006) 

were screened within four fruit fly species, B. dorsalis s. s., B. papayae, B. carambolae, and 

B. phillippinensis. The other pest species, B. correcta, was also included in this initial test. 

Even though B. correcta does not belong to B. dorsalis complex, it is usually present as a 

sympatric species to the B. dorsalis s. s. The primers from the twelve microsatellite loci, 

consisting of seven isolated from B. dorsalis (Hendel) and five others isolated from B. 

papayae, were able to amplify most of these fruit fly samples (96.39%, 347 out of 360 PCR 

reactions) as shown in Table 3. According to this result, such microsatellite DNA markers 

should be further utilized. 

 

Table 3 Screening tests of the Bactrocera dorsalis s. s. and B. papayae microsatellite primers 

of five Bactrocera species. The number of flies in each sample is given in brackets after the 

species code. 

 
Species# (no. of individuals) No.*

Bcor (6) Bphi (6) Bdor (6) Bpap (6) Bcar (6) 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

  8 

  9 

10 

11 

12 

6  

6 

6 

5, 1? 

6? 

6 

5, 1? 

6 

5, 1x 

6 

3, 2?, 1x 

6 

6 

6 

2, 4? 

6 

5, 1? 

6 

5, 1? 

6 

6 

4, 2? 

6 

6 

6 

6 

6 

6 

5, 1? 

6 

6 

6 

6 

6 

4, 2? 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

4, 2? 

4, 2x 

1, 1?, 4x 

3, 2?, 1x 

2, 1?, 3x 

5, 1? 

5, 1? 

4, 2? 

5, 1? 

5, 1? 

4, 1?, 1x 

5, 1? 
*Microsatellite no. 1-7 were isolated and characterized from Bactrocera dorsalis sensu stricto (Aketarawong et 

al. 2006), whereas the rest of the microsatellites, no. 8-12, were isolated and characterized from B. papayae 

(Shearman et al. 2006). 
#Abbrivations: Bactrocera correcta (Bcor), Bactrocera philippinensis (Bphi), Bactrocera dorsalis (Bdor), 

Bactrocera papayae (Bpap), Bactrocera carambolae (Bcar).  

?, faint but distinguishable bands; x, no amplification products observed 
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3. Population genetic analyses among three Bactrocera dorsalis species within the 

complex 

 

3.1. Level of genetic variability within and among species complex 

Bactrocera dorsalis species complex, comprising B. dorsalis s. s., B. papayae, and B. 

carambolae, were genotyped with the previously characterized twelve microsatellite loci. A 

relatively high level of genetic variation was observed in the natural populations, in particular 

BdRN population. Also, the B. dorsalis  species appeared to show a higher level of genetic 

variation than other species (Table 4). Most alleles were shared among populations and no 

fixed different alleles were detected. The number of private alleles (with their average 

frequencies) ranged from BpPK = 0 (0.0000) to BcRN = 14 (0.0370). The BcStI population 

had only one private allele with the highest frequency (0.3333) (data not shown).  

Among B. dorsalis s. s. populations, the level of genetic variation ranged from a 

relatively low level in BdRB1 population to a relatively high level in BdRN population. On 

the other hand, the amount of genetic variation among the B. papayae populations appeared to 

increase from BpPK to BpKJ populations. However, the sample size of BpPK was quite small 

(N = 8) so that it might effect the level of genetic variation, such as the number of alleles (Na). 

Increasing the sample size in future work should resolve this potential bias. 

  

3.2. Genetic differentiation 

Pairwise FST tests were performed among populations of three B. dorsalis species. The 

majority of population samples were genetically differentiated in both intraspecific and 

interspecific levels. Overall, among the B. dorsalis species complex, the pairwise FST values 

ranged from 0.0362 (BdRN, and BpPK) to 0.2460 (BdRB1 and BpStT). Only one pair was 

noted as having no significant difference (BdRN and BpPK, FST = 0.0362). Among the 

populations of  B. dorsalis and B. papayae, the values ranged from 0.0362 (BdRN and BpPK) 

to 0.2460 (BdRB1 and BpStT), while B. dorsalis and B. carambolae were 0.0580 (BdRN and 

BcRN) to 0.2093 (BdRB2 and BcStT). For B. papayae and B. carambolae, the pariwise FST 

values ranged from 0.0812 (BpPK and BcRN) to 0.2374 (BpStT and BcStI) (data not shown). 

For the intraspecific level, the range of these values was 0.0367 to 0.1602 among 

populations of B. dorsalis s. s., 0.1060 to 0.1878 among populations of B. papayae, and 

0.1034 to 0.2403 among populations of B. carambolae. All values were significantly different 

(P < 0.05). 
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 According to only this analysis, a few features can be observed as follows: 1) the 

values among populations were sometimes higher than among species, i.e., BdRB1 and 

BdRB2 (FST = 0.1602) compared to BdRB1 and BpPK (0.1151). This might imply that 

intraspecific and interspecific genetic variation of this species complex is somewhat 

overlapping by an unknown limit; and 2) the values of pairwise FST appeared to be tentatively 

associated with geographical distance. For example, B. dorsalis s. s. was genetically related to 

B. papayae collected from Thailand rather than B. papaya collected from Malaysia. To better 

understand these issues, a larger sample size and/ or more samples collected from various 

areas covering a wide geographical range should be carried out in future. 

 

Table 4 Genetic variability among the Bactrocera dorsalis species complex collected from 

areas of the Thai-Malaya Peninsula and laboratories  

 

 Population N Na Ne Ho He

01 BdRB1 14 6.00 4.29 0.40 0.69 
02 BdRB2 30 9.58 6.00 0.42 0.81 
03 BdPK 25 9.42 6.51 0.54 0.83 
04 BdRN 27 10.50 7.37 0.62 0.86 
05 BpKJ 22 8.42 5.40 0.42 0.78 
06 BpBS 21 6.83 4.54 0.49 0.73 
07 BpPK 8 6.25 5.89 0.61 0.80 
08 BpStT 30 5.25 3.20 0.53 0.62 
09 BcRN 28 9.92 6.94 0.44 0.83 
10 BcStT 30 5.42 3.24 0.56 0.62 
11 BcStI 6 4.50 5.14 0.37 0.75 

 

 

 

 

 

 

 

 
N, sample size; Na, number of alleles; Ne, effective number of alleles, 1/(1-He); Ho, observed 
heterozygosity; He, expected heterozygosity 

 

3.3. Population structure 

 The structure analysis showed that the population structure of B. dorsalis species 

complex  should assume at least thirteen clusters (K =13), when K runs from one to 15 (data 

not shown). At K = 13, five of 11 populations, including of BdRB1, BpBS, BpStT, BcStT, and 

BcStI, were assigned to one cluster with an average admixture coefficient (Q) higher than 

0.670 (Table 5). Average admixture proportions of the rest of the samples showed less 

straightforward patterns which suggested admixtures from multiple source populations. 

Samples from the BdRB2 population were mainly assigned to cluster 12 (Q = 0.583), and 

shared in cluster 6 (Q = 0.295), while BdPK was assigned to cluster 8 (Q = 0.352), clusters 9 

(Q = 0.244), and 12 (Q = 0.177). On the other hand, the BdRN population was distributed 
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across clusters 4 (Q = 0.348), and 9 (Q = 0.277). For B. papayae samples, the collection of 

BpKJ was generally assigned to cluster 11 (Q = 0.657), and partly assigned to cluster 8 (Q = 

0.257), while BpPK was assigned to Q (9) = 0.460, Q (4) = 0.151, and Q (13) = 0.140. The 

admixture proportion of the samples from the BcRN population were distributed across 

clusters 1 (Q = 0.318), 7 (Q = 0.297), and 10 (Q = 0.273) (Table 5).    

In general, only one cluster (Q(4)) showed a sharing of ancestral proportion among 

samples belonging to three different species. Samples of Bactrocera dorsalis s. s. and B. 

papayae revealed that they shared the same ancestry in clusters 4, 8, 9, and 13. On the other 

hand, samples belonging to B. dorsalis s. s. and B. carambolae, and B. papayae and B 

carambolae shared only one cluster as mentioned before (Table 5). This result suggested that 

B. dorsalis s. s. was more closely related to B. papayae than B. carambolae. However, natural 

samples of B. carambolae were collected from only one population. More populations of such 

species should be sampled and analyzed to better understand this hypothesis.  
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Table 5 Average co-ancestry coefficients in 11 populations of Bactrocera dorsalis species complex assigned to thirteen clusters (population 
codes according to Table 1). The highest value in each population is highlighted in grey, and values above 0.100 are in bold clusters.  

Cluster (Q) 
Population 1 2 3 4 5 6 7 8 9 10 11 12 13 
01 BdRB1 0.005 0.010 0.013 0.016 0.006 0.004 0.005 0.009 0.008 0.008 0.033 0.006 0.877 
02 BdBR2 0.009 0.013 0.007 0.008 0.010 0.295 0.009 0.013 0.026 0.011 0.008 0.583 0.006 
03 BdPK 0.026 0.021 0.068 0.025 0.019 0.033 0.024 0.352 0.244 0.017 0.023 0.117 0.030 
04 BdRN 0.018 0.018 0.064 0.348 0.017 0.005 0.031 0.031 0.277 0.032 0.035 0.051 0.072 
05 BpKJ 0.012 0.008 0.008 0.008 0.008 0.007 0.005 0.257 0.007 0.006 0.657 0.009 0.008 
06 BpBS 0.006 0.009 0.845 0.009 0.050 0.004 0.004 0.022 0.007 0.009 0.014 0.006 0.015 
07 BpPK 0.035 0.031 0.042 0.151 0.012 0.041 0.029 0.017 0.460 0.009 0.019 0.014 0.140 
08 BpStT 0.005 0.012 0.007 0.008 0.933 0.005 0.003 0.004 0.005 0.004 0.007 0.005 0.003 
09 BcRN 0.318 0.012 0.008 0.006 0.006 0.008 0.297 0.006 0.010 0.273 0.009 0.023 0.023 
10 BcStT 0.005 0.922 0.005 0.006 0.016 0.003 0.004 0.005 0.004 0.006 0.008 0.006 0.011 
11 BcStI 0.009 0.019 0.014 0.672 0.007 0.010 0.076 0.058 0.064 0.007 0.047 0.010 0.009 
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4. Surveying population variation between Bactrocera dorsalis s. s. and B. papayae using 

a reciprocal test 

  

 Seven pairs of primer derived from B. dorsalis s. s. were tested in five populations of 

B. dorsalis s. s. and seven populations of B. papayae collected across Thai-Malay Peninsula 

(Table 2). On the other hand, five pairs of primer derived from B. papayae were also tested in 

these populations. Variations of each population were recorded as mean PCR product size, 

expected heterozygosity, number of alleles, and variance in repeat number. Mean across loci 

of these values were reported in Table 6. The test of normal distribution presented that mean 

PCR product size, heterozygosity and number of alleles were approximately normally 

distributed while the variance in repeat number was not (data not shown). Therefore, such 

data were transformed to log (variance + 1).  

 Statistical analysis, ANOVA, was performed considering three factors, species of 

derivation, focal (marker tested from the species which they are derived) and nonfocal 

species, and population (data not shown). ANOVA tests did not detect significant difference 

for all measures of variation between B. dorsalis s. s. and B. papayae. Conversely, the 

population factor illustrated a significant value for only variance in repeat number. For the 

species of derivation factor, the mean PCR product size and the number of alleles were 

significantly different. All effects and interaction terms were not significant for the different 

response variables (data not shown).   

 In case of the difference in variability driven by an ascertainment bias hypothesis, 

microsatellite loci should present higher level of population variation in the focal  than 

nonfocal species. Conversely, under the directional-evolution hypothesis, the microsatellites 

should always be showed higher level of variation in one of the two species surveyed (Hutter 

et al. 1998). According to these preliminary analyses, our microsatellites tended to be 

significantly longer and more variable in B. dorsalis s. s. than in B. papayae (Table 6). It 

might be proposed that ascertainment bias was not influenced by the different variation 

between species using these sets of microsatellite markers.  
 
 

 

 



Progress Report /16029                                                                                                                                                                                                   Dr. Nidchaya Aketarawong    

12/15 

Table 6 Mean across loci of mean PCR size. heterozygosity, number of alleles and variance for 12 populations of wild Bactrocra dorsalis s. s. 

and B. papayae 

 

  PCR size   Heterozygosity*   Number of alleles Variance   
     B. dor-derived    B. pap-derived    B. dor-derived    B. pap-derived    B. dor-derived    B. pap-derived    B. dor-derived    B. pap-derived 
B. dorsalis s. s.         
     BdRB 140.16 118.27 0.91 0.90 10.86 9.20 3.02 2.57 
     BdPK 139.25 117.24 0.92 0.92 11.71 9.40 3.23 2.57 
     BdRN 140.30 116.38 0.94 0.93 11.14 10.40 2.67 2.58 
     BdNS 141.08 117.06 0.73 0.85 5.14 3.80 1.36 1.18 
     BdST 139.63 117.00 0.85 0.86 6.29 4.00 8.19 5.19 
B. papayae    
     BpPK 139.20 116.31 0.88 0.90 6.14 6.40 1.90 1.74 
     BpBS 139.36 118.00 0.87 0.82 8.86 6.00 3.28 2.33 
     BpSB 140.02 116.01 0.91 0.77 9.71 7.00 3.05 2.53 
     BpBP 139.60 115.25 0.93 0.89 10.71 8.40 3.07 2.34 
     BpBT 139.42 116.43 0.86 0.81 10.00 5.80 3.03 2.32 
     BpTB 139.41 117.11 0.91 0.77 9.71 4.60 2.72 1.95 
     BpKJ 140.98 117.80 0.91 0.84 7.29 6.60 3.51 3.00 

 
*Heterozygosity = [n/(n-1)][1-(Σqi

2)], where n is the number of alleles and qi is the frequency of the ith allele in the population.  
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Conclusions: 
 

 Results based on population genetic analyses using microsatellite markers tended to 

provide clearer picture of the relationships among three B. dorsalis species complex. It could 

be proposed that Bactrocera dorsalis s. s. was genetically closer to B. papayae than              

B. carambolae, although information of the species limit of all individual species was still 

unrevealing. For this reason, the research should further focus on doing the following: 1) 

more samples should be collected from a wider geographical range. This might test the 

resolution of these molecular markers in discerning the B. dorsalis species complex; 2) cross-

referenced samples, based on morphological and ecological species identification, should be 

included in this study. These samples might provide some information for population genetic 

interpretation; and 3) populations derived from laboratories should be excluded from 

population genetic analyses. These efforts might provide a clearer picture of the relationship 

among the three species in nature. 

 Lastly, data based on statistical tests seemed to propose that ascertainment bias 

hypothesis might not have an effect on the population variations. Using combination of 

primer sets derived from both B. dorsalis s. s. and B. papayae for genotyping of B. dorsalis 

complex species was still required. This was because the species boundary of fruit fly species 

complex was unclear. Therefore, more fruit fly population samples should be genotyped using 

the same primer sets, and more population analyses should be continued in wider species 

range.    
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