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Zeugadacus tau (Walker) (Diptera: Tephritidae) is a polyphagous fruit pest that causes damage 
to agricultural and wild crops, especially in the family Cucurbitaceae. Z. tau is a complex species 
with a high level of genetic variation. The genetic structure was investigated of Z. tau populations 
collected from 10 different plant species using single strand conformation polymorphism 
(SSCP) analysis of the mitochondrial cytochrome c oxidase I (COI) sequences. In total,  
489 Z. tau individuals showed 18 SSCP haplotype patterns, with a high level of genetic diversity. 
The clustering of COI sequences on the maximum likelihood tree and a haplotype network was 
consistent and showed that the Z. tau population collected from the wild crop of Trichosanthes 
tricuspidata had fixed haplotypes that were not found in Z. tau from agricultural crops. In addition, 
these fixed haplotypes were genetically different from the other haplotypes and are likely the cause 
of the genetic structure among Z. tau populations. The analysis of molecular variance revealed 
a significant genetic structure of Z. tau from cucurbit host plants (F-statistics [FST] = 0.6625,  
p < 0.01). Therefore, it can be concluded based on the sample populations used in this study  
that host plants play an important role in genetic differentiation among Z. tau populations and  
may be informative for genetic variation of other polyphagous insect pests to facilitate more 
efficient control and management.
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Introduction

	 The tephritid fruit fly, Zeugadacus tau (Walker) is a pest of 
economically important crops in South Asia, East Asia, Southeast Asia 
and the South Pacific region (Jaleel et al., 2018). In 1849, Z. tau was 
first reported in China and then spread rapidly through the surrounding 
area (Jaleel et al., 2018). The rapid range expansions and strong 
adaptive ability of Z. tau are huge threats to agricultural resources 
(Tan et al., 2015). In the areas where outbreaks of this pest species 
have occurred, the quality and yield of commercial vegetables and 

fruits were reduced; therefore, Z. tau is listed as a quarantine species 
in several Asian countries and the USA (Ohno et al., 2008).
	 In Thailand, Z. tau was confirmed based on conventional and 
molecular techniques as a complex species (Baimai et al., 2000; 
Jamnongluk et al., 2003; Thanaphum and Thaenkham, 2003; Saelee  
et al., 2006; Kitthawee and Rungsri, 2011; Sumrandee et al., 2011; Zaelor  
and Kitthawee, 2018) with a high level of genetic diversity (Kitthawee 
and Julsirikul, 2019). Knowledge on the genetic diversity of insect 
pests is an important tool that can be used to optimize biological control 
strategies through understanding the population structure in different 
areas, including gene flow and migration. Understanding this makes it 
easier to determine the most efficient way to manage the pest fly.
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	 Several ecological factors affect the genetic differentiation of 
populations and one of these factors in insects is host species (Schluter, 
2001), particularly regarding phytophagous insects (Mopper, 1996; Simon 
et al., 2015). Z. tau is a phytophagous and polyphagous fruit pest, infesting 
more than 80 species of agricultural and wild crops, especially in the family 
Cucurbitaceae (White and Elson-Harris, 1992; Singh et al., 2010; Jaleel et 
al., 2018). It was reported in several studies that Z. tau in Thailand showed 
a different phenetic structure (Kitthawee and Dujardin, 2010; Kitthawee 
and Rungsri, 2011; Dujardin and Kitthawee, 2013), as well as a different 
genetic structure (Baimai et al., 2000; Jamnongluk et al., 2003; Thanaphum 
and Thaenkham, 2003), depending on the type of host plant. Additionally,  
Baimai et al. (2000) suggested that host plant species may play  
an important role in genetic differentiation in Z. tau species. Furthermore, 
Shi et al. (2017) applied microsatellite markers and suggested that host 
plants affected the genetic variation of Z. tau under laboratory conditions. 
Different host plant species can generate selection pressure that prevents  
gene flow between insect populations in many polyphagous insects (Funk et 
al., 2002; Matsubayashi et al., 2010; Antwi et al., 2015).
	 The partial sequence of the mitochondrial cytochrome c oxidase I  
(COI) has been widely used as a molecular marker in phylogenetic 
and population genetic studies of several species of tephritid fruit flies,  
especially for the Folmer region of the COI gene (Meeyen et al., 2013; 
Barr et al., 2014; Kunprom et al., 2015; Kunprom and Pramual, 2018; 
Kitthawee and Julsirikul, 2019). In addition, it has been proven to 
be useful for identification at the species level (Hebert et al., 2003). 
Kunprom and Pramual (2019) demonstrated the potential of this 
gene region to reveal cryptic diversity in some taxa of tephritid fruit 
flies. For Z. tau, the partial sequences of the Folmer region have 
been successfully used to discriminate at least three cryptic species 
within the Z. tau complex (Kitthawee and Julsirikul, 2019). A high 
level of sequence divergence of this gene region makes it appropriate 
to use as a genetic marker at the population scale (Moritz et al., 
1987). However, the study of population genetic structure requires 
a large number of samples. A molecular technique, single strand 
conformation polymorphism (SSCP), that enables simultaneous 
detection of genetic variation in a large number of samples (Gasser et 
al., 2006), was used to quantify haplotype diversity for an informative 
segment of the mitochondrial COI gene to identify population 
structure. Therefore, the aim of the current study was to use SSCP 
analysis to investigate genetic variation in Z. tau populations collected 
from different cucurbit host fruits. The results of this study should 
indicate adaptation of this fruit fly species to the host plant at a local 
scale, which may be useful for pest management programs.

Materials and Methods

Z. tau collections

	 The Z. tau samples were collected from 10 different cucurbit 
fruits infested with fruit fly larvae from wild and agricultural areas in 
Loei province, Thailand. The scientific name of these cucurbit plants 
including the common name and abbreviation are: Benincasa hispida 
(winter melon, Bhi), Coccinia grandis (ivy gourd, Cgr), Cucurbita 

maxima (pumpkin, Cma), Cucumis sativus (cucumber, Csa), Luffa 
acutangula (angled luffa, Lac), Luffa aegyptiaca (luffa, Lae), Lagenaria 
siceraria (bottle gourd, Lsi), Momordica charantia (bitter gourd, 
Mch), Momordica cochinchinensis (gac fruit, Mco) and Trichosanthes 
tricuspidata (redball snake gourd, Ttr). Infested fruits of each plant 
species were kept in ventilated containers with sawdust at the bottom as 
a pupation medium. Each container was labeled with a collection code 
and kept at the Department of Biology, Mahidol University, Bangkok, 
Thailand until adult emergence. Adult flies were identified using the 
taxonomic keys from White and Elson-Harris (1992) and Sumrandee et 
al. (2011) and maintained at -20°C until DNA was extracted.

DNA extraction and single strand conformation polymorphism analysis

	 The head and thorax of individual Z. tau samples were subjected to 
total genomic DNA extraction using the method from Cockburn and Fritz 
(1996). The polymerase chain reaction (PCR) amplification of the partial 
cytochrome c oxidase subunit I gene (COI) was carried out with the forward 
primer: 5’ TGG AGA CGA CCA AAT CTA 3’ and reverse primer: 5’ GAG 
GAA ATA CCA GCT AAA TG 3’ (Somsill et al., 2015). The PCR program 
involved: 95°C for 3 min followed by 25 cycles of 94°C for 1 min, 50°C 
for 1 min and 72°C for 1 min with a final extension of 72°C for 10 min. 
The PCR products were verified on 1% agarose gel electrophoresis that 
stained with ethidium bromide to assess the quality of the amplification. To 
perform the SSCP analysis, 5 μL of the PCR product was mixed with 15 μL 
of denaturing solution (98% formamide, 0.5M ethylenediaminetetraacetic 
acid, 0.05% bromphenol blue and 0.05% xylene cyanol) and heated 
at 96°C for 10 min before immediately cooling on ice. The denatured 
PCR products were loaded into 7% non-denaturing acrylamide gel and 
electrophoresed at 160 V for 3 hr 45 min at 4°C. After electrophoresis, 
the gels were stained with silver nitrate (Bassam et al., 1991). A 100-bp  
ladder was used as a reference for SSCP haplotype pattern evaluation. The 
unique SSCP haplotypes were bi-directionally sequenced at the Research 
Center of Ramathibodi Hospital, Bangkok, Thailand. Sequences were 
analyzed and trimmed to a length of 327 bp using the BioEdit version 
7.2.5 software (Hall, 1999) for further analysis and submitted to the 
NCBI database (https://www.ncbi.nlm.nih.gov) under accession numbers: 
MT881615–MT881632.

Data analysis

	 The SSCP haplotype sequences of Z. tau were aligned using 
ClustalW implemented in the BioEdit version 7.2.5 software  
(Hall, 1999). The COI sequences of Z. tau complex from GenBank 
(MH891801–MH891833; Kitthawee and Julsirikul 2019) were 
downloaded and used as reference data for complex species verification 
of Z. tau in the current study through phylogenetic relationship. 
In addition, the sequence variation of the partial COI gene was 
used to confirm the complex species verification with phylogenetic 
classification. Intraspecific and interspecific sequence differences and 
the maximum likelihood (ML) tree of COI sequences were conducted 
using the MEGA version 6.06 software (Tamura et al., 2013). The 
nucleotide substitution model with the lowest Bayesian information 
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criterion score (Tamura three-parameter model) was used for ML tree 
construction and all sequence positions containing gaps or missing data 
were eliminated from the dataset. Statistical support for each node was 
evaluated based on bootstrap analysis using 1,000 replications. The 
haplotype diversity (h), nucleotide diversity (π), number of polymorphic 
sites (S) and analysis of molecular variance (AMOVA) were performed 
using the Arlequin version 3.5 software (Excoffier and Lischer, 2010) 
to evaluate the genetic diversity and genetic structure of each Z. tau 
population, respectively. A haplotype network was constructed based 
on the median-joining method using the Network version 10.2.0.0 
software (Bandelt et al., 1999) to analyze the genealogical relationship 
and distribution pattern among the COI haplotype sequences of Z. tau.

Results and Discussion

Mitochondrial cytochrome c oxidase I single strand conformation 
polymorphism haplotype and sequence analysis

	 The SSCP analysis of the partial COI sequences of the 489 individuals 
of Z. tau collected from the 10 different host types showed 18 unique 
haplotype patterns (haplotype a to haplotype r), as presented in Fig. 1. 
The distribution of these COI SSCP haplotypes and the genetic diversity 
values (Table 1) showed that haplotypes b, c and k were the most common 
and were shared among almost all populations of host plants, except for 
the Ttr population, whereas haplotypes o, p, q and r were restricted to 
some host plant populations. The noticeable restricted haplotypes were 
the haplotypes q and r, which were fixed at the Ttr population. The overall 
genetic diversity values of Z. tau collected from all host plant species 

combined were: haplotype diversity (h) = 0.9079, nucleotide diversity (π) 
= 0.0225 and number of polymorphic sites (S) = 47. The highest genetic 
diversity was in the Mco population (h = 0.9092, π = 0.0104, S = 16) and the 
lowest genetic diversity was in the Ttr population (h = 0.3068, π = 0.0077,  
S = 8). Although the average COI h value in the current study (0.9079)  
was in the same range as for other tephritid fruit flies such as Ceratitis 
spp. (h = 0.964, π = 0.014; Virgilio et al., 2008), Bactrocera latifrons 
(h = 0.8308, π = 0.0048; Meeyen et al., 2013), Bactrocera dorsalis  
(h = 0.984, π = 0.013; Choudhary et al., 2016) and Zeugodacus cucurbitae 
(h = 0.8802, π = 0.0044: Kunprom and Pramual, 2018), the average π 
value was relatively high compared to that of the above species (0.0225), 
as shown in Table 1. The high value of π was due to the nucleotide 
sequence of the fixed haplotypes, q and r, that were quite different 
from the other haplotypes (Fig. 2). Templeton (2006) suggested that 
new haplotypes are created by mutation and they are initially rare and 
restricted in the population; hence, they are valuable for gene flow studies. 
Therefore, the haplotypes q and r should benefit gene flow tracking among 
Z. tau from different host plant populations. 

Table 1	 Distribution of mitochondrial cytochrome c oxidase I single strand conformation polymorphism haplotypes, haplotype diversity (h), nucleotide diversity (π)  
and polymorphic site (S) of Zeugodacus tau from different cucurbit host plants

Haplotype Host plant type Total
Agricultural Wild

Bhi Cgr Cma Csa Lac Lae Lsi Mch Mco Ttr
(N) (53) (53) (44) (59) (51) (47) (38) (57) (54) (33) (489)
a 8 23 2 8 23 5 69
b 6 3 6 1 2 10 12 4 6 50
c 18 3 3 4 7 16 7 3 2 63
d 9 2 1 2 2 16
e 4 6 20 8 7 8 6 59
f 8 1 11 3 8 3 10 44
g 1 1 2 1 3 8
h 2 1 2 3 4 9 3 24
i 1 3 1 1 1 7
j 2 4 5 1 1 4 17
k 4 6 5 5 16 2 1 10 7 56
l 6 14 2 1 1 24
m 6 1 1 1 9
n 1 1 1 3
o 5 5
p 2 2
q 27 27
r 6 6
h 0.8215 0.7692 0.7526 0.8743 0.8525 0.8002 0.8236 0.7845 0.9092 0.3068 0.9079
π 0.0084 0.0097 0.0067 0.0065 0.0086 0.0057 0.0076 0.0094 0.0104 0.0077 0.0225
S 12 14 9 14 14 11 12 14 16 8 47

Bhi = Benincasa hispida (winter melon); Cgr = Coccinia grandis (ivy gourd); Cma = Cucurbita maxima (pumpkin); Csa = Cucumis sativus (cucumber);  
Lac = Luffa acutangula (angled luffa); Lae = Luffa aegyptiaca (luffa); Lsi = Lagenaria siceraria (bottle gourd); Mch = Momordica charantia (bitter gourd);  
Mco = Momordica cochinchinensis (gac fruit); Ttr = Trichosanthes tricuspidata (redball snake gourd)

Fig. 1	 Single strand conformation polymorphism analysis (SSCP) of 327 bp  
of mitochondrial cytochrome c oxidase I sequences of Zeugodacus tau collected  
from 10 cucurbit fruits showing 18 (a–r) different SSCP haplotype patterns



248 D. Julsirikul, S. Kitthawee / Agr. Nat. Resour. 55 (2021) 245–250

Table 2	 Intraspecific (on diagonal) and interspecific (below diagonal) average  
percentage nucleotide difference (mean±SE) based on 327 bp of the mitochondrial  
cytochrome c oxidase I sequence using Tamura 3-parameter model

1 2 3
1. Zeugodacus tau A (GenBank) 0.79±0.24
2. Zeugodacus tau C (GenBank) 12.88±2.05 1.19±0.30
3. Zeugodacus tau (Current study) 2.21±0.35 13.07±1.95 3.41±0.52

Table 3	 Analysis of molecular variance among Zeugodacus tau populations
Source of variation Degrees of freedom Variance components Percentage of variation F-statistic
Among populations  9 2.6161 66.25 0.6625 (p < 0.01)
Within populations 479 1.3326 33.75
Total 488 3.9487

Fig. 3	 Median-joining network among mitochondrial cytochrome c oxidase I 
haplotype sequences of Zeugodacus tau, where each circle represents a different 
haplotype, the size of circles in the network corresponds to the number of individuals 
presenting that particular haplotype, pie charts within each circle show the frequency of 
haplotypes present in different host plant species and median vectors are indicated by 
black dots and connecting lines are proportional to mutation steps between haplotypes

Fig. 2	 Maximum likelihood tree of 327 bp of mitochondrial cytochrome  
c oxidase I sequences of Zeugodacus tau representing phylogenetic relationship 
of 18 single strand conformation polymorphism haplotype sequences in  
current study and reference sequences, showing bootstrap support (>50%)
using the Tamura 3-parameter distance at each branch, scale bar indicates 0.01 
substitution per site and Z. tau species complex clades are marked with vertical 
lines to the right of corresponding sequences and labelled as Z. tau A, C and J

	 The sequences of the 18 COI SSCP haplotypes of Z. tau and the 
COI sequences retrieved from GenBank (MH891801–MH891833) 
were used to identify the phylogenetic relationship. The Z. tau  
sequences from GenBank were reported as complex species of  
Z. tau A, C and J by Kitthawee and Julsirikul (2019) and Z. tau A is 
a Z. tau sensu stricto. Individuals of Z. tau collected in the current 
study were initially identified (based on external morphology) as  
Z. tau A, and their COI sequences on the ML tree group within the  
Z. tau A clade (Fig. 2), were consistent with morphological 
classification. The values of intraspecific and interspecific sequence 
divergences between Z. tau individuals also supported the external 
morphology and phylogenetic classifications (Table 2). The average 
Tamura 3-parameter interspecific nucleotide difference between  
Z. tau in the current study and Z. tau A from GenBank (2.21±0.35%) 
was close to the intraspecific nucleotide difference (3.41±0.52%)  
and did not exceed a cut-off value for DNA barcode identification (Hebert 
et al., 2003). In addition, the interspecific nucleotide difference between 
Z. tau in the current study and Z. tau C from GenBank was rather high 
(13.07±1.95%) and similar to the interspecific COI sequence divergence 
between different tephritid species (5.1–16.7%; Hu et al., 2008; Jiang et al., 
2014; Bartolini et al., 2020; Dong et al., 2020). Furthermore, the intraspecific 
COI sequence difference among the investigated Z. tau populations 
(3.41±0.52%) revealed a high level of genetic variation, likely caused by the 
haplotypes q and r, as was noticed in the ML tree and the haplotype network 
that yielded congruent topologies. The haplotypes q and r were separated as  
a subclade of Z. tau A in the ML tree (Fig.2) and separated by  
many mutational steps from other haplotypes in the haplotype network 
(Fig. 3), implying genetic differentiation between Z. tau populations. Over 
a long period of time, these differences may prevent gene flow between 
populations and promote speciation (Slatkin, 1987).
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Genetic structure of Z. tau populations

	 The AMOVA analysis of Z. tau populations indicated significant 
variation between populations from different host plant species  
(FST = 0.6625, p < 0.01) (Table 3). Most of genetic differentiation 
was found between populations (66.25% of the total variation).  
The genetic structure of Z. tau that was related to the host plant  
species was primarily caused by the genetic variation found in the 
haplotypes q and r that were fixed in the Ttr population.
	 The 10 investigated cucurbit host plant species were classified based on 
cultivation type as wild or agricultural host plants (Table 1). Nine host plant 
species were categorized as agricultural crops, while the redball snake gourd 
(Ttr) was categorized as a wild-growing plant, as it is not an economically 
cultivated crop in Thailand (Duyfjes and Pruesapan, 2004). The distribution 
of the haplotypes present in the different host plant species on the haplotype 
network demonstrated that there were two haplotype clusters (Fig. 3).  
The haplotypes a–p were distributed in agricultural crops while the 
haplotypes q and r were fixed for the wild-growing plant, the Ttr population. 
In addition, the network revealed a large genetic difference between the 
haplotypes q and r and the others. The restricted and genetically distinct 
haplotypes had an effect on the population structure. This observation was 
supported by the AMOVA analysis, when the Ttr population was excluded, 
as that AMOVA result showed a rather weak genetic structure with a low 
level of variation (9.33%), indicating that genetic variation within the 
Ttr population was important for the differentiation of genetic structure 
between Z. tau populations.
	 In Thailand, several studies have shown that Z. tau genetic variation 
is related to the host plant species (Baimai et al., 2000; Jamnongluk et al., 
2003; Thanaphum and Thaenkham, 2003; Kitthawee and Dujardin, 2010; 
Kitthawee and Rungsri, 2011; Dujardin and Kitthawee, 2013). However, 
those studies focused on the genetic diversity within the species complex of 
Z. tau without separation based on host plant species. Therefore, the current 
study revealed a correlation between host plant types and genetic variation 
within a single species of Z. tau (A). A comprehensive review by Jaleel et 
al. (2018) showed that Z. tau had a wide range of host plant species. An 
earlier report on the Z. tau complex and associated host plants in Thailand 
showed that most of the host species of Z. tau A were agricultural plants, 
except Trichosanthes cordata and T. tricuspidata (Baimai et al., 2000). Host 
plants are an ecological factor that play an important role for herbivorous 
insects, such as site of feeding, mating, oviposition and development (Funk 
et al., 2002). The close relationship with the host plant during every part of 
the insects life cycle promotes adaptation and creates conditions favorable 
for reproductive isolation to develop (Funk et al., 2002; Simon et al., 2015).  
In addition, phytophagous insects have a high genetic diversification rate 
that is prone to occur by selective pressure from different host plants, also 
known as host-shift (Mopper, 1996; Simon et al., 2015). In the current study, 
there was only one species of wild-growing host plant (T. tricuspidata). 
However, the Z. tau population from this plant species exhibited distinct 
genetic differences from those of agricultural host plant populations, 
consistent with Saelee et al. (2006). A study on genetic variation of the 
Z. tau complex in Thailand (Saelee et al., 2006) demonstrated that Z. tau 
A collected from one population of T. cordata and five geographically 
different populations of T. tricuspidata had high genetic similarity, but were 
different from those collected from agricultural plants. This may imply that 
the geographical distance is unlikely to influence genetic differentiation in 

this fruit fly species, consistent with a previous suggestion by Kitthawee 
and Julsirikul (2019) that the genetic structure of the Z. tau complex in 
Thailand is more correlated with host plant species than the geographical 
distance. Shi et al. (2017) used a novel host (banana) to rear Z. tau in the 
laboratory and found that there was a significant genetic difference between 
the populations from novel and traditional host plants. Although the host 
plants in the current study were not novel, the genetic structure of Z. tau, 
taking the haplotype distribution and sequence data into consideration, 
indicated a substantial influence of host plant species on the gene flow 
and genetic differentiation of Z. tau populations in Thailand. However, the 
genetic structure of Z. tau in the current study was analyzed based on the 
sample populations, so the impact of wild-growing host plant on the genetic 
differentiation of Z. tau could not be strongly determined due to the limited 
Z. tau collection. It would be better if more populations of Z. tau from wild-
growing plant species were added for a more robust conclusion.
	 In conclusion, the genetic diversity of Z. tau may be caused by several 
factors. However, the rather high value of genetic differentiation (FST = 
0.6625) among Z. tau populations revealed that different host plant species 
may be a barrier to gene flow and dispersion, creating a genetic structure 
among Z. tau populations. The investigation on the genetic structure of  
Z. tau in relation to different host plant species provides information about 
one of the factors that affect genetic variation of insect pests and can be 
used to facilitate more efficient pest control and management.

Conflict of Interest

	 The authors declare that there are no conflicts of interest.

Acknowledgements

	 The authors thank the Faculty of Science, Mahidol University and 
the Faculty of Science, Burapha University. This work was supported 
by the Center of Excellence on Biodiversity (BDC), Office of Higher 
Education Commission (BDC-PG2-160007), Bangkok, Thailand.

References

Antwi, J.B., Sword, G.A., Medina, R.F. 2015. Host-associated differentiation 
in a highly polyphagous, sexually reproducing insect herbivore. Ecol. Evol. 
5: 2533–2543. doi.org/10.1002/ece3.1526

Baimai, V., Phinchongsakuldit, J., Samrandee, C., Tigvattananont, S. 2000. 
Cytological evidence for a complex of species within the taxon Bactrocera tau 
(Diptera: Tephritidae) in Thailand. Biol. J. Linn. Soc. 69: 399–409. doi.org/ 
10.1111/j.1095-8312.2000.tb01213.x

Bandelt, H.J., Forster, P., Röhl, A. 1999. Median-joining networks for inferring 
intraspecific phylogenies. Mol. Biol. Evol. 16: 37–48. doi.org/10.1093/
oxfordjournals.molbev.a026036

Barr, N.B., Ledezma, L.A., Leblanc, L., et al. 2014. Genetic diversity of 
Bactrocera dorsalis (Diptera: Tephritidae) on the Hawaiian Islands: 
implications for an introduction pathway into California. J. Econ. Entomol. 
107: 1946–1958. doi.org/10.1603/EC13482

Bartolini, I., Rivera, J., Nolazco, N., Olórtegui, A. 2020. Towards the 
implementation of a DNA barcode library for the identification of Peruvian 
species of Anastrepha (Diptera: Tephritidae). PLoS ONE 15: e0228136. 
doi.org/10.1371/journal.pone.0228136

Bassam, B.J., Caetano-Anollés, G., Gresshoff, P.M. 1991. Fast and sensitive 
silver staining of DNA in polyacrylamind gels. Anal. Biochem. 196: 80–83. 
doi.org/10.1016/0003-2697(91)90120-I



250 D. Julsirikul, S. Kitthawee / Agr. Nat. Resour. 55 (2021) 245–250

Choudhary, J.S., Naaz, N., Prabhakar, C.S., Lemtur, M. 2016. Genetic analysis of 
oriental fruit fly, Bactrocera dorsalis (Diptera: Tephritidae) populations based 
on mitochondrial cox1 and nad1 gene sequences from India and other Asian 
countries. Genetica 144: 611–623. doi.org/10.1007/s10709-016-9929-7

Cockburn, A.F., Fritz G.A. 1996. Isolation and purification of insect DNA. 
In: Clapp, J.P. (Ed.). Methods in Molecular Biology Vol 50 Species 
Diagnostics Protocols PCR and Other Nucleic Acid Methods. Hamana 
Press. Totowa, NJ, USA, pp. 15–23.

Dong, Y., Li, T., Xi, X., Sun, S. 2020. A protocol for fast identification of larval 
tephritid flies with a community-wide COI reference bank. Conserv. Genet. 
Resour. 12: 479–488. doi.org/10.1007/s12686-019-01120-z

Dujardin, J.P., Kitthawee, S. 2013. Phenetic structure of two Bactrocera tau 
cryptic species (Diptera: Tephritidae) infesting Momordica cochinchinensis 
(Cucurbitaceae) in Thailand and Laos. Zoology 116: 126–138. doi.
org/10.1016/j.zool.2012.07.004

Duyfjes, B.E.E., Pruesapan, K. 2004. The genus Trichosanthes L. 
(Cucurbitaceae) in Thailand. Thai Forest Bull. Bot. 32: 76–109.

Excoffier, L., Lischer, H.E.L. 2010. Arlequin suite ver 3.5: A new series of 
programs to perform population genetics analyses under Linux and Windows. 
Mol. Ecol. Resour. 10: 564–567. doi.org/10.1111/j.1755-0998.2010.02847.x

Funk, D.J., Filchak, K.E., Feder, J.L. 2002. Herbivorous insects: Model 
systems for the comparative study of speciation Ecology. Genetica 116: 
251–267. doi.org/10.1023/A:1021236510453

Gasser, R.B., Hu, M., Chilton, N.B., et al. 2006. Single-strand conformation 
polymorphism (SSCP) for the analysis of genetic variation. Nat. Protoc. 1: 
3121–3128. doi.org/10.1038/nprot.2006.485

Hall, T.A. 1999. BioEdit: A user-friendly biological sequence alignment editor 
and analysis program for Windows 95/98/NT. Nucleic Acids Symp. Ser. 
(Oxf). 41: 95–98.

Hebert, P.D.N., Cywinska, A., Ball, S.L., Dewaard, J.R. 2003. Biological 
identifications through DNA barcodes. Proc. R. Soc. Lond. B. Biol. Sci. 
270: 313–321. doi.org/10.1098/rspb.2002.2218

Hu, J., Zhang, J.L., Nardi, F., Zhang, R.J. 2008. Population genetic structure 
of the melon fly, Bactrocera cucurbitae (Diptera: Tephritidae), from China  
and Southeast Asia. Genetica 134: 319–324. doi.org/10.1007/s10709-007-9239-1

Jaleel, W., Lu, L., He, Y. 2018. Biology, taxonomy, and IPM strategies of 
Bactrocera tau Walker and complex species (Diptera; Tephritidae) in Asia: 
A comprehensive review. Environ. Sci. Pollut. Res. 25: 19346–19361. doi.
org/10.1007/s11356-018-2306-6

Jamnongluk, W., Baimai, V., Kittayapong, P. 2003. Molecular phylogeny of 
tephritid fruit flies in the Bactrocera tau complex using the mitochondrial 
COI sequences. Genome 46: 112–118. doi.org/10.1139/g02-113 

Jiang, F., Jin, Q., Liang, L., Zhang, A.B., Li, Z.H. 2014. Existence of species 
complex largely reduced barcoding success for invasive species of 
Tephritidae: A case study in Bactrocera spp. Mol. Ecol. Resour. 14: 1114–
1128. doi.org/10.1111/1755-0998.12259

Kitthawee, S., Dujardin, J.P. 2010. The geometric approach to explore the 
Bactrocera tau complex (Diptera: Tephritidae) in Thailand. Zoology 113: 
243–249. doi.org/10.1016/j.zool.2009.12.002

Kitthawee, S., Julsirikul, D. 2019. Population genetic structure of Zeugodacus 
tau species complex in Thailand. Agric. For. Entomol. 21: 265–275. doi.
org/10.1111/afe.12328

Kitthawee, S., Rungsri, N. 2011. Differentiation in wing shape in the Bactrocera 
tau (Walker) complex on a single fruit species of Thailand. ScienceAsia 37: 
308–313. doi.org/10.2306/scienceasia1513-1874.2011.37.308

Kunprom, C., Pramual, P. 2018. Genetic structure and demographic history of 
the melon fly Zeugodacus cucurbitae (Coquillet) (Diptera: Tephritidae) in 
Thailand. Agric. For. Entomol. 20: 180–190. doi.org/10.1111/afe.12242

Kunprom, C., Pramual, P. 2019. DNA barcoding of fruit flies (Diptera: 
Tephritidae) in Thailand: Ambiguity, misidentification and cryptic 
diversity. Mitochondrial DNA A. 30: 861–873. doi.org/10.1080/2470139
4.2019.1693550

Kunprom, C., Sopaladawan, P.N., Pramual, P. 2015. Population genetics 
and demographic history of guava fruit fly Bactrocera correcta (Diptera: 
Tephritidae) in northeastern Thailand. Eur. J. Entomol. 112: 227–234. doi.
org/10.14411/eje.2015.033

Matsubayashi, K.W., Ohshima, I., Nosil, P. 2010. Ecological speciation in 
phytophagous insects. Entomol. Exp. Appl. 134: 1–27. doi.org/10.1111/
j.1570-7458.2009.00916.x

Meeyen, K., Sopaladawan, P.N., Pramual, P. 2013. Population structure, population 
history and DNA barcoding of fruit fly Bactrocera latifrons (Hendel) (Diptera: 
Tephritidae). Entomol. Sci. 17: 219–230. doi.org/10.1111/ens.12049

Mopper, S. 1996. Adaptive genetic structure in phytophagous insect populations. 
Trends. Ecol. Evol. 11: 235–238. doi.org/10.1016/0169-5347(96)10036-7

Moritz, C., Dowling, T.E., Brown, W.M. 1987. Evolution of animal mitochondrial 
DNA: Relevance for population biology and systematics. Annu. Rev. Ecol. 
Syst. 18: 269–292. doi.org/10.1146/annurev.es.18.110187.001413

Ohno, S., Tamura, Y., Haraguchi, D., Kohama, T. 2008. First detection of the pest 
fruit fly, Bactrocera tau (Diptera: Tephritidae), in the field in Japan: Evidence 
of multiple invasions of Ishigaki Island and failure of colonization. Appl. 
Entomol. Zool. 43: 541–545. doi.org/10.1303/aez.2008.541 

Saelee, A., Tigvattananont, S., Baimai, V. 2006. Allozyme electrophoretic 
evidence for a complex of species within the Bactrocera tau group (Diptera: 
Tephritidae) in Thailand. Songklanakarin J. Sci. Technol. 28: 249–259. 

Schluter, D. 2001. Ecology and the origin of species. Trends. Ecol. Evol. 16: 
372–380. doi.org/10.1016/S0169-5347(01)02198-X

Shi, W., Yang, T., Ye, H., Cao, J. 2017. Impact of host plants on genetic 
variation in the Bactrocera tau (Diptera: Tephritidae) based on molecular 
markers. J. Entomol. Sci. 52: 411–426. doi.org/10.18474/JES17-19.1

Simon, J.C., D’alençon, E., Guy, E., et al. 2015. Genomics of adaptation to 
host-plants in herbivorous insects. Brief. Funct. Genomics. 14: 413–423. 
doi.org/10.1093/bfgp/elv015

Singh, S.K., Kumar, D., Ramamurthy, V.V. 2010. Biology of Bactrocera 
(Zeugodacus) tau (Walker) (Diptera: Tephritidae). Entomol. Res. 40: 
259–263. doi.org/10.1111/j.1748-5967.2010.00296.x

Slatkin, M. 1987. Gene flow and the geographic structure of natural populations. 
Science 236: 787–792. doi.org/10.1126/science.3576198

Somsill, P., Julsirikul, D., Rakthong, P., Kitthawee, S. 2015. Morphological 
and genetic diversity of the Bactrocera tau complex in southern Thailand. 
Rajabhat J. Sci. Hum. Soc. Sci. 16: 334–346. [in Thai] 

Sumrandee, C., Milne, J.R., Baimai, V. 2011. Ovipositor morphology and host 
relations of the Bactrocera tau complex. Songklanakarin J. Sci. Technol. 
33: 247–254.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S. 2013. MEGA6: 
Molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 30: 
2725–2729. doi.org/10.1093/molbev/mst197

Tan, M., Zhang, R., Xiang, C., Zhou, X. 2015. The complete mitochondrial genome 
of the pumpkin fruit fly, Bactrocera tau (Diptera: Tephritidae). Mitochondrial 
DNA A. 27: 2502–2503. doi.org/10.3109/19401736.2015.1036249

Templeton, A.R. 2006. Population Genetics and Microevolutionary Theory, 1st 
ed. John Wiley & Sons. Hoboken, NJ, USA.

Thanaphum, S., Thaenkham, U. 2003. Relationships of forms within the 
Bactrocera tau (Walker) (Diptera: Tephritidae) taxon based on heat shock 
protein 70 cognate sequences. Ann. Entomol. Soc. Am. 96: 44–53. doi.
org/10.1603/0013-8746(2003)096[0044:ROFWTB]2.0.CO;2

Virgilio, M., Backeljau, T., Barr, N., Meyer, M.D. 2008. Molecular evaluation 
of nominal species in the Ceratitis fasciventris, C. anonae, C. rosa 
complex (Diptera: Tephritidae). Mol. Phylogenet. Evol. 48: 270–280. doi.
org/10.1016/j.ympev.2008.04.018

White, I.M., Elson-Harris, M.M. 1992. Fruit Flies of Economic Significance: 
Their Identification and Bionomics. CAB International. Wallingford, UK.

Zaelor, J., Kitthawee, S. 2018. Geometric morphometric and molecular evidence 
suggest a new fruit fly species in Bactrocera (Zeugodacus) tau complex 
(Diptera: Tephritidae). Zool. Syst. 43: 27–36. doi.org/10.11865/zs.201803


	Genetic structure of Zeugodacus tau (Walker) in relation to cucurbit host plants
	Abstract
	Introduction
	Materials and Methods
	Z. tau collections
	DNA extraction and single strand conformation polymorphism analysis
	Data analysis

	Results and Discussion
	Mitochondrial cytochrome c oxidase I single strand conformation polymorphism haplotype and sequence analysis
	Genetic structure of Z. tau populations

	Conflict of Interest
	Acknowledgements
	References


