
Coordinated Research Project 

Progress Report  
 

 
1. Contract number: 16029/R2 

 

2. Title of Project: “Development and Evaluation of Microsatellite Markers  

and Genetic Analysis of the Sympatric and Allopatric Populations of 

Bactrocera dorsalis Species Complex for SIT and International Trade” 

 

3. Proposed as part of the Agency Co-ordinated Research Project: 

“Resolution of Cryptic Species Complexes of Tephritid Pests to 

Overcome Constraints to SIT Application and International Trade” 

 

4. Institute where research is being carried out:  

Department of Biotechnology, Faculty of Science, Mahidol University,  

THAILAND 

 

5. Chief scientific investigator: Dr. Nidchaya Aketarawong 

 

6. Time period covered: March 2012 to May 2013 
 
 
 
 
 
 
 
 

 



Progress Report/16029                                              Dr. Nidchaya Aketarawong 

2/10 

Description of research carried out:  

  
 Sterile Insect Technique (SIT) requires a basic knowledge of biology as 

prerequisite for application. This knowledge (e.g., genetics, mating competitiveness) is 

useful for increasing the program effectiveness, decreasing the failure of program, 

reducing the costs of operation, or transferring the success technique to a wider range of 

pest species. During 2012 and 2013, we produced a few biological knowledge of (1) 

mating competitiveness between genetic sexing strain B. dorsalis s.s. and its species 

complex member and (2) Y-chromosome sequences of B. dorsalis s.s. Not only scientific 

view point, we also initiated and continued the monthly/bi-monthly local meetings and 

annual regional meetings for sharing information and samples. These activities may 

increase the sustainability of pest control in both national and regional scales. 

 We recently succeeded in developing a genetic sexing strain B. dorsalis s.s. named 

Salaya1. A mass release of sterile Salaya1 males resulted in decreasing of pest population 

size and fruit damage in orchard. To reduce the costs of operation, we did mating 

competitiveness experiments between the Salaya1 strain and wild B. carambolae, a 

member of B. dorsalis species complex, under the semi-natural condition. However, we 

found mating incompatibility between sterile genetic sexing strain and natural population 

of B. carambolae. These results suggest that both species might be distinct species due to 

pre-zygotic reproductive isolation.   

    In the mean time, we have an opportunity to launch a collaborative research project 

between University of Pavia and Mahidol University. This project focused on study of Y-

chromosome of B. dorsalis s.s. Y-chromosome determines male individual and may 

contain genes involving male fertility. Knowledge about Y-chromosome sequences is 

therefore important for improvement of insect strain. Moreover, such sequences may 

consist of intra- or inter-specific variation, leading to develop molecular markers for 

population genetic or strain/species identification. We isolated five DNA fragments from 

genome of B. dorsalis s.s. (Seiberdorf strain). Preliminary characterization revealed that 

four fragments may be male-specific sequences and another may be a male-enriched 

sequence. 
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Progress of results in the third year (March 2012 to May 2013): 

 
1. Mating competitiveness between genetic sexing strain Bactrocera dorsalis 

Salaya1 and natural populations of B. carambolae 

 

We successfully developed and characterized our genetic sexing strain B. dorsalis 

s.s. named Salaya1 (Isasawin et al. 2012; a part of research contract no. 15600 of 

Assist. Dr. Sujinda Thanaphum). This strain can be sex sorted by pupal color 

dimorphism which brown pupae are males and white pupae are females. The Salaya1 

strain had been proved to be useful for pest management using sterile insect technique. 

Under semi-natural condition, sterile Salaya1 males showed mating competitiveness 

higher than wild B. dorsalis s.s. (Fried’s competitiveness value (C) = 1.33). A mass 

release of sterile Salaya1 males in field resulted in suppression of indigenous pest 

population, from 23 flies/trap/day to less than 1 fly/trap/day. Moreover, fruit damage 

subsequently reduced from 30% to 5%.  

According to the results, the Salaya1 strain had been applied to wild B. carambolae 

in order to test mating competitiveness between members of B. dorsalis species 

complex under the semi-natural condition. If the Salaya1 strain can competitively mate 

with wild B. carambolae, it would be possible to release sterile Salaya1 strain not only 

for pest control in national scale, but also in regional scale. As a result, we can reduce 

the costs of SIT operation. Unfortunately, the results showed that mating 

competitiveness between sterile Salaya1 and wild B. caramabolae was low (C-value 

less than 0.5). The potential explanation may be the difference of pheromone profiles. 

We then analysed their pheromone profiles and found that there were different between 

species (data not shown). Moreover, our results were consistent with results done by 

another group of the same CRP. Schutze and his colleagues (2013) revealed that B. 

dorsalis s.s. did not mate well with B. carambolae. Then, it implies that B. dorsalis and 

B. carambolae may be different biological units due to pre-zygotic reproductive 

isolation. Therefore, biological knowledge such as population genetics and genetic 

sexing strain is still necessary for B. carambolae. Molecular markers for B. carambolae 

is developing for analyses of population structure and migration route (a part of 

research contract no. 16029). In the same time, the new genetic sexing strain for B. 
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carambolae is developing and characterizing (a part of the research contract no. 

15600).   

 

2.   Molecular characterization of Y-chromosome B. dorsalis s.s. 

 

In the Tephritidae, the Y-chromosome varies in size at the intra- and inter-specific 

levels. Common characters of Y-chromosome are entirely heterochromatin and dot-like 

structure (Figure 1). It plays a key role in determining the development of male 

individuals and may contain genes involving male fertility. Male determination factor 

has been characterized on Y-chromosome and likely present in several insects such as 

the Mediterranean fruit fly (Ceratitis capitata) (Willhoeft and Franz 1996), mosquito 

(Anopheles culicifacies) (Baker and Sakai 1979), and the housefly (Musca domestica) 

(Schmidt et al 1997). In addition, Y-chromosome sequences may include intra- or 

inter-specific variation (e.g., Y-linked microsatellite sequences or SNP). It might be 

applicable for study of population genetics or strain/species identification (Yano et al 

2013).  

 

 

(a)                     (b) 

                              
 

Figure 1 Mitotic karyotype of male larva Bactrocera dorsalis s.s. Y-chromosome is a 

dot-like shape. The X- and Y-chromosomes are labeled (a) done by Zacharopoulou et 

al (2011) and Zacharopoulou and Franz (2013) and (b) done in this study (DAPI 

staining).  

 

 

Y 
X 
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During 2011 to 2012, I had an opportunity to receive a scholarship from EU 

commission, an ERASMUS MUNDUS 2011-2012, to be a post-doctorate researcher at 

the laboratory of Prof. Anna R. Malacrida, Department of Biology and Biotechnology, 

University of Pavia, Italy. We have done a collaborative research project between Prof. 

Malacrida’s team (member of this CRP) and my team (a part of the research contacts 

no. 16029 and no. 15600) on molecular characterization of Y-chromosome of B. 

dorsalis s.s. It is because knowledge about Y-chromosome of this species has been 

intensively unexplored. This research project was therefore focused on isolation and 

characterization of DNA sequences on Y-chromosome of B. dorsalis s.s. in order to 

understand the evolution of Y-chromosome comparing other insect species such as 

olive fly (Bactrocera olea) and Mediterranean fruit fly (Ceratitis capitata).  

A wild-type strain of B. dorsalis s.s., was received from the Institute of Radiation 

for Agricultural Development, Thailand and has been maintained at the Insect Pest 

Control Laboratory, Food and Agriculture Organization (FAO)/International Atomic 

Energy Agency (IAEA), Agriculture and Biotechnology Laboratory, in Seiberdorf, 

Austria, were used in this study. We isolated Y-sequences using method of Gabrieli 

and his colleagues (2011). For PCR screening step, four strains of B. dorsalis s.s. were 

used: Seiberdorf strain, Phayathai1 strain, Salaya1 strain, and wild samples collected 

from Taiwan. The Phayathai1 and Salaya1 strains have been maintained at the Fruit Fly 

Molecular Genetic Laboratory, Department of Biotechnology, Faculty of Science, 

Mahidol University, Thailand.   

For preliminary data, we isolated five fragments from genomes of B. dorsalis s.s. 

Seiberdorf strain. After amplification screening, the four fragments seemed to be male-

specific sequences and another one appeared to be a male-enriched sequence (Figure 

2). Semi-quantitative PCR was initially performed for validation of the male-enriched 

sequence. Amplifications were carried out for 15, 18, 21, 23, 24, 25, 27, and 29 cycles, 

respectively. We found that male genomic DNA first present the expected PCR product 

at the 21 cycles of amplification while female genomic DNA first present at the 23 

cycles of amplification (Figure 3). More sensitive and reliable method as the 

quantitative PCR will be further performed to confirm this result.  
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     --------Males-------  -----Females-----   N 

Fragment no. 1    

Fragment no. 2   

Fragment no. 3    

Fragment no. 4     

Fragment no. 5    

Actin gene    

(Positive amplication control) 

  

Figure 2 Male-specific amplification of five putative Y-sequences. Amplifications 

were performed for genomic DNA of five males and females of Bactrocera dorsalis 

s.s., Seiberdorf strain. Four fragments (no. 1 to no. 4) show male-specific 

amplifications. Actin gene as a positive amplification control was amplified in both 

male and female genomic DNA confirming the reliability of the genomic DNA 

samples. “N” stands for negative control. 

 

 

               ---------------Males---------------       --------------Females--------------    

      1    2    3    4     5    6    7     8          1    2     3     4     5    6    7    8          N 

 
 

Figure 3 Semi-quantitative PCR of fragment no. 5. Amplifications were collected at 

cycles 15th, 18th, 21nd, 23rd, 24th, 25th, 27th, and 29th, respectively. PCR product is 

initially showed at 21th cycles (lane 3) for male whereas at 23rd cycles (lane 4) for 

female. “N” stands for negative control that was collected at the last cycle of 

amplification.    
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In addition, we examined the other experiments in order to screen five pairs of 

primers with other three strains of B. dorsalis s.s. including wild strain (i.e., Taiwan) 

and laboratory stocks (i.e., Phayathai1 and Salaya1). All of them still reported the same 

results (data not shown). It suggests that four sequences are male-specific sequences 

and one is male-enriched sequence in B. dorsalis s.s. 

Now, we are working on development of in situ hybridization in order to define the 

location of four male-specific and male-enriched sequences on chromosome. 

Moreover, all results enable us to screen five primer pairs on members of B. dorsalis 

species. If we find inter-specific variation, we may develop a novel tool for 

discrimination of members belonging to B. dorsalis species complex.    

 

3.   Local and regional meetings on fruit fly research project 

 

During 2012 and 2013, my team had an opportunity to form a group of Tephritid 

fruit fly workers in local and regional scales. Local meetings have been monthly or 

bimonthly, between Miss. Suksom Chinvinikun’s team (member of the same CRP) and 

my team. Her project has focused on mating competitiveness test on representative 

samples of B. dorsalis species complex collected from northern, southern, western, and 

eastern part of Thailand, while my team has focused on development and evaluation of 

molecular markers and population genetic analyses of B. dorsalis species complex 

collected from Thailand, Malaysia, and Indonesia. Therefore, we can share some 

information and samples in order to look for the congruent data, albeit using the 

different approaches. 

For regional meeting, the 1st ASEAN fruit fly meeting was held on March 9th, 2013 

at Mahidol University, Thailand. At that time, participants came from three countries 

including Indonesia, Malaysia, and Thailand. The participants were academic staffs (4 

persons), students (1 person) and local managers (4 persons) (Figure 4a). Three of them 

were members of the same CRP (i.e., Prof. Ken Hong Tan, Dr. Suk-Ling Wee and 

Miss. Suksom Chinvinikul). We discussed B. dorsalis species complex status in Asian 

and shared knowledge among groups. However, we have maintained monthly/bi-

monthly local meetings (as mentioned before) and previous participants considered the 

sustainability of pest control and career path of young new generation. The 2nd ASEAN 
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fruit fly meeting was changed the topic to focus on academic arena among Asian 

countries. Despite the fact that all participants still came from the same three countries 

(i.e., Indonesia, Malaysia, and Thailand), the number of participants was increased 

including students (four persons) and academic staffs (six persons). At that time, a 

potential collaborative research project had been initiated. The 2nd ASEAN was 

succeeded and finished on April 26th – 27th, 2013 (Figure 4b). 

 

 

(a)                     (b) 

         
 

Figure 4 ASEAN Fruit Fly meeting. (a) The first and (b) the second meetings were 

held in Bangkok, THAILAND. 

 

4. Collection of B. dorsalis species complex 

 

According to several local and regional meetings, all participants kindly shared us 

B. carambolae samples. There included samples from different locations such as two 

representative samples from Thailand, one from Malaysia, and two from Indonesia. All 

samples will be further used for development of DNA markers and population genetics 

for B. carambolae. In the same time, these samples have been tested with other 

approaches (done by the owner) to confirm the results.  
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Conclusions: 

 
1. Mating incompatibility was observed between the genetic sexing strain Salaya1  

(B. dorsalis s.s.) and natural population of B. carambolae. It is an evidence to 

support that both species may be distinct units. Population genetics analyses (a part 

of research contract no. 16029) and new genetic sexing strain for B. carambolae (a 

part of research contract no. 15600) is still required. 

2. Male-specific and male-enriched sequences were isolated and preliminary 

characterized. These sequences would be possible for development of DNA marker 

for strain/species identification.   
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