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Description of research carried out:  
Mating compatibility between released sterile flies and target wild populations is a key 

success of SIT. Study of genetic variability and population genetics between SIT strain and 

wild target populations is an indirect method for inferring the mating compatibility. However, 

in some area, wild target populations have been recorded to constitute members of fruit fly 

species complex. Information on species boundary and/or interbreeding among species 

complex members should be explored in order to understand their relationships. For longer 

term, these knowledge should support the management of SIT and fruit trade.   

In this study, we have focused on geographical range across Thai-Malay Peninsula. 

These areas are well known to constitute areas of overlapping habitats for the Bactrocera  

dorsalis s.s. and B. papayae; members belonging to B. dorsalis complex. Two sets of 

established microsatellites markers, isolated from B. dorsalis s.s. and B. papayae, 

respectively, were used for the genotyping of two species population collected from Thai-

Malay Peninsula. Statistical analysis of microsatellite variations revealed no significant 

difference between two species using each set of microsatellites. However, a significant 

difference of microsatellite variation was detected when comparing two sets of microsatellite 

markers to each species. These results suggest that genetic variations of both species might 

not be a result of marker bias (i.e., markers isolated from species A show more variation in 

species A than species B and vice versa), but should be a intrinsic nature of each 

microsatellite locus that has a different mutation rate. Also, based on genetic data of 

microsatellite markers, the two species seem to be genetically similar and no specific 

variation pattern is found.  

Correlation between genetic distance and geographical distance was analysed. Genetic 

differentiation among populations was not correlated to geographic distance, supporting 

human-mediated fruit fly migration hypothesis. Seventeen populations were mainly 

subdivided into two different ancestors. These patterns were discontinued across Thai-Malay 

Peninsula. Moreover, change of population structure was observed in populations collected 

from different periods of time. It implies that population genetic disequilibrium of fruit fly 

may be occuring in this areas. Analysis of migration showed that significant gene flow rates 

were detected between species whether they co-existed or not. These results suggest that B. 

dorsalis s.s. and B. papayae in areas across Thai-Malay Peninsula still exchange their genetic 

components. Even though population genetic data support that there is no species boundary 
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between B. dorsalis and B. papayae, study of mating competitiveness between two species 

should be done in parallel to confirm this statement. 

 In case of B. carambolae, it is well known as a member of B. dorsalis species complex 

and sometimes co-exist with B. papayae. However, this species was excluded from the 

present population genetic study because B. carambolae seems to be differentiated from B. 

dorsalis s.s. and B. papayae regarding morphology (Drew et al. 2008), mitochondrial DNA D 

loop+ 12S and 16S (Drew et al. 2008), sensitivity to Methyl Eugenol (Wee et al. 2002), and 

host preference (Iwaizumi 2004, Sauers-Muller 2005, Agruilar and Santos 2007), as well as 

our preliminary data, . Hence, molecular DNA markers of B. carambolae will be developed in 

the near future, meanwhile, more samples of such species will be collected from Thailand and 

Malay-Indo Archipelago. 

 

Progress of results in the first year (March 2011 to February 2012):  

1. Sample collections  

B. dorsalis s.s. and B. papayae 

The research contract has focused on population genetic study of B. dorsalis and B. 

papayae populations across Thai-Malay Peninsula where an overlapping habitats of both 

species are surveyed. For that reasons, fruit fly samples of  B. dorsalis s.s. were collected 

from Thailand, from Ratchaburi (RB) to Nakhon Sri Thammarat (NT) provinces. Conversely, 

B. papayae samples were collected from both Thailand and Malaysia, from Prachub Kiri Kan 

(PK) to Klong Johor (KJ) (Figure 1). Both species are a putatively sympatric in some areas, 

i.e., PK and NT. Collection of PK1 and PK2 populations were temporally different from PK3 

and PK4 populations. Fruit flies sampled from Malaysia were partly provided from the 

Malaysian colleague, Prof. Ken-Hong Tan and his team, which is another CRP participant. 

Also, we received sample of B. dorsalis F2 rearing at Seiberdorf laboratory, Vienna. However, 

this population was analysed only three basic parameters of genetic variations, i.e., number of 

alleles and observed and expected heterozygosities (see the result of genetic variation below). 

B. carambolae 

We collected samples of B. carambolae from Thailand and Malay-Indo Archipelago 

(Figure 2). At this time, our collections constitutes eight populations including five from 

Thailand and two from Indonesian islands. Two populations sampled from Thailand were 

provided from the other CRP participant, Miss. Suksom Chinvinikul and her colleagues. All 

samples will be used for population genetic study. However, based on our preliminary data, 
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set of 12 microsatellite loci originated from B. dorsalis s.s. and B. papayae succeed to amplify 

genomic DNA from B. dorsalis and B. papayae better than B. carambolae samples. Then, the 

application of the previously used molecular DNA markers for this species will be developed 

and validated next year. 

 
Figure 1 Collection sites of fruit fly population samples (B. dorsalis s.s and B. papayae) and cluster analyses. 
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Figure 2 Collection sites of eight B. carambolae population samples. 
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2. Genotyping and data from population genetic analyses 

Table 1 summarized mean and standard error of four genetic variations (i.e., PCR size, 

expected heterozygosity, number of alleles and variance in allele size) across 12 microsatellite 

loci. ANOVA analysis shown that levels of genetic variability between two species are not 

significantly different (P > 0.05). However, genetic variation achieved from microsatellite 

derived from B. dorsalis s.s. and B. papayae are significantly different in terms of mean PCR 

size, heterozygosity and variance size range (P < 0.05).  At population level, only number of 

alleles shown a significant difference (data not shown).  
Table 1 Mean (and standard error) across loci of mean PCR size, expected heterozygosity, number of alleles and 

variance in allele size. 

 B. dorsalis B. papayae dif. 
PCR size    
B. dorsalis-derived 139.71 (0.18) 139.86 (0.24) -0.14 
B. papayae-derived 117.23 (0.34) 116.75 (0.26) -0.48 
    
Heterozygosity    
B. dorsalis-derived 0.88 (0.02) 0.89 (0.01) -0.01 
B. papayae-derived 0.85 (0.04) 0.82 (0.02) -0.04 
 
Number of alleles    
B. dorsalis-derived 8.55 (1.41) 8.88 (0.48) -0.33 
B. papayae-derived 7.27 (1.33) 6.64 (0.41) -0.63 
    
Variance    
B. dorsalia-derived 3.87 (0.88) 3.04 (0.15) 0.78 
B. papayae-derived 1.44 (0.30) 1.81 (0.23) 0.37 

 

dif. = difference between focal and nonfocal species (for B. dorsalis-derived loci, B. dorsalis – B. papayae;  

           and for B. papayae-derived loci, B. papayae – B. dorsalis)   

 

 Minimum and maximum values of average number of alleles (Na), observed and 

expected heterozygosities (HO and HE) are summarized in Table 2. Overall values among 17 

populations are as high as published genetic levels of B. dorsalis s.s. (Aketarawong et al. 

2006 and 2011) and B. papayae (Shearman et al. 2006). Only the minimum value of Na shows 

the lowest value (2.67) comparing to other publications (5.56, 6.14 and 4.8). It is probably 

because this parameter is sensitive to sample size. Overall results supports that B. dorsalis and 

B. papayae have a high genetic variation which are typical of these native species. 

In population level, RN reveals the highest genetic variation in several parameters, 

i.e., average number of alleles (Na) = 10.83, average allele richness (Rs) = 3.24, average 

effective number of alleles (Ne) = 7.61, average observed heterozygosity (HO) = 0.63 and 

expected heterozygosity (HE) = 0.86, with a relatively low frequency of null alleles (Ap) = 
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0.02. On the contrary, NT1 shows a relatively low level of genetic variation (Na =  2.67, Rs = 

2.30, Ne = 3.49, HO = 0.47 and HE = 0.58). Most populations shows their private alleles, 

excepting three populations (i.e., PK2, ST and NT1) (data not shown). These populations 

might be a subpopulation of their sympatric or allopatric populations. Such hypothesis is 

supported by the results of structure and migration analysis (see subsequent details). 

Genetic differentiation, pairwise-FST, among 17 populations are ranging from 0.016 

(PK1 and RN) to 0.243 (ST and NT1). Some sympatric populations reveal no significant 

genetic differentiation such as PK2 and PK3 (FST = 0.038) and NT1 and NT2 (FST = 0.039) (P 

> 0.05). Analysis of isolation by distance (IBD) results in no significant correlation between 

genetic distance [FST/(1-FST)] and geographical distances [ln distance (Km)] (R2 = 0.05, P > 

0.05) (Figure 3). This supports that distribution of B. dorsalis and B. papayae might be 

associated to human activities (e.g. travel and agriculture) as other fruit fly species (review in 

Malacrida et al. 2007).     

Population structure was analysed using STRUCTURE program. All populations were 

separated into two hypothetical clusters, K = 2. However, three patterns of population 

structure are apparent as shown in Figure 1. The first pattern (represents by red circles) mostly 

shares a proportion of co-ancestry in cluster 1 (Q > 0.7). These patterns are found in 

populations RB, PK4, NT2, SK1, SK2, BS, and KJ. Otherwise, the second pattern (represents 

by blue circles) mostly shares a proportion of co-ancestry in cluster 2 (Q > 0.7), consisting of 

populations ST, NT1, BP, BT, SB and BC. The rest of population shows an admixture 

patterns between two clusters, representing by violet circles (Figure 1). Although three 

patterns can be distinguished, cline is not detected among populations across these areas. 

Moreover, population dynamics still happens and subsequently results in a temporal change 

of population structure as detected in PK area. Fruit flies collected from PK1 and PK2 

populations are morphologically distinguished to be B. dorsalis and B. papayae, respectively. 

However, structure analysis presents that both populations share the same co-ancestry (Figure 

1). Two year later, PK3 and PK4 populations were collected and distinguished as B. dorsalis 

and B. papayae. At this time, two populations shows the different structure. It could be 

proposed that PK2 population is a subpopulation of PK1 population because PK2 reveals a 

lower level of genetic variation comparing to PK1 population (data not shown), no private 

allele, and similar genetic structure of PK1 population. In case of PK3 and PK4 populations, a 

temporal change might be a result of adaptation in different microhabitats. Subsequently, PK4 

population presents a level of genetic variation as high as PK3 (data not shown) and also 

private alleles are observed and genetic structure are different.  
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Analysis of Molecular Variance (AMOVA) were analysed into three criteria: groups of 

geography (Thailand and Malaysia), group of species (B. dorsalis s.s. and B. papayae), and 

group of genetic structure (cluster 1 and cluster 2). All three criteria shows that the highest 

variation was found within populations (~88% of total). Conversely, the lowest variation was 

found in the level of between groups (~1%). However, significant genetic heterogeneity was 

detected if 17 populations are separated following genetic clusters (data not shown). 

The proportion of immigrants (m) derived from the same population as that from 

which they were collected shows that a high level is detected in PK2 (0.821), RN (0.703), 

NT2 (0.720) and BS (0.705). Significant migration (m ≥ 0.10) among populations are 

observed between sympatric populations. For examples, significant gene flows are detected in 

PK (from PK1 to PK2 (0.124) and from PK2 to PK3 (0.100)), NT (from NT2 to NT1 (0.237)) 

and SK (from SK1 to SK2 (0.106) areas. PK1 and PK2 populations also significantly migrate 

to NT1 (0.141 and 0.117, respectively). The highest rates of asymmetric migrations is found 

from RN to other populations, PK1 (0.204), ST (0.111), NT1 (0.333) and BS (0.107). On the 

other hands, migration from the others to RN is not significant, varying from 0.000 to 0.066.    

Results of migration supported the previous hypothesis that PK2 is a subpopulation of PK1 

because of a significant gene flow from PK1 to PK2. Contrary, PK3 and PK4 populations are 

currently separated so that a significant genetic exchange between such populations is not 

observed.   

3. Genotyping of B. dorsalis collected from Seiberdrof insectary 

We also tested B. dorsalis F2 collected from Seiberdrof insectory with the same set of 

microsatellite primers as mentioned before. Although this strain was originated from wild 

population, Nakhon Sri Thammarat Thailand, genetic variability reveals a relatively low level 

comparing to B. dorsalis s.s. and B. papayae as present in Table 2. The potential explanations 

involve a natural factor (e.g. a unique genetic character of insect colony) and/or an artificial 

factor (e.g. a sampling method, a condition of laboratory during rearing the colony). Then, to 

reduce such artificial factors, this populations was excluded for further population analyses.  

 

Conclusions: 
1. In general, samples of B. dorsalis and B. papayae collected from across Thai-Malay 

peninsula are genetically similar with a high level of genetic variation, based on microsatellite 

DNA markers. However, at this moment, no specific variation was not detected in any 

species. Moreover, intra- and interspecific relationships between two species are not related to 
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distance. This results suggested that invasive process of such species in areas of Thai-Malay 

Peninsula should be associated to human activities. 

   

2. Based on SIT application’s aspect, gradient genetic structure were not observed. This might 

implied that a discontinuous environment and microhabitat might occur and/or mixed fruit 

hosts might induce the associative mating and/or selection of host preference. Gene flow is 

still detected among populations across Thai-Malay Peninsula, even they are putatively 

morphological distinguished as a different species. This results probably suggest that a 

releasing of a single species of sterile insect could be effectively applied in these areas, in 

particular areas that show continuous gene flow. However, genetic analysis of population for 

SIT should be followed up and re-evaluated because fruit fly populations are genetically 

dynamic over both space and time. 
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Table 2 Mean of genetic variations (i.e., number of alleles, observed and expected heterozygosity) comparing among samples of B. dorsalis s.s. and B. papayae (in this 

study), B. dorsalis F2 from Seiberdorf and several established data on B. dorsalis s.s. and B. papayae. 

 

Genetic variation B. dorsalis and B. papayae (this study)1

 

B. dorsalis s.s.2

Seiberdrof 

B. dorsalis s.s.3

(Aketarawong et al. 2006)  

B. dorsalis s.s.4

(Aketrawong et al. 2011)  

B. papayae5  

(Shearman et al. 2006)  

Number of alleles* Min: 2.67 (n = 3)  

Max: 10.83 (n = 27) 

4.58 (n = 30) Min: 5.56 (n = 12) 

Max: 7.71 (n = 12) 

Min: 6.14 (n =18) 

Max: 11.00 (n = 18) 

4.8 (n = 22) 

Observed 

heterozygosity 

Min: 0.40 

Max: 0.63 

0.47 Min: 0.49 

Max: 0.80 

Min: 0.39 

Max: 0.71 

0.64 

Expected 

heterozygosity 

Min: 0.58 

Max: 0.86 

0.60 Min: 0.65 

Max: 0.80 

Min: 0.68 

Max: 0.87 

0.61 

1Genetic data was collected from 17 fruit fly  populations using 12 microsatellite loci. 
2Genetic data was collected from one fruit fly population using 12 microsatellite loci. 
3Genetic data was collected from four fruit fly populations using seven microsatellite loci. 
4Genetic data was collected from eight fruit fly populations using seven microsatellite loci 
5Genetic data was collected from one fruit fly population using five microsatellite loci. 
*This parameter is depended on number of samples. 
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Figure 3 Correlation between genetic and geographic distances. 
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