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genomic DNA was digested overnight with 
SmaI and purified with phenol/ chloroform. 
Subsequently, 100 ng of the restriction 
fragment was self-ligated to form circular 
genomic DNA. Then sequential PCRs were 
performed on the circularized fragments 
using three sets of specific primers as 
shown in Table 1 and Fig. 3A. The final 
PCR products were separated in 1% 
agarose gel; and the expected products 
were subcloned and sequenced. 
 
Southern blot hybridization 

For Southern blot hybridization, the 
probe, named PD, covering parts of the 
polyubiquitin promoter and the DsRed 
gene (Fig. 4A) was obtained by the digestion 
of pBac(PUb-DsRed) with the restriction 
enzymes XbaI and HpaI, purified with 
phenol/chloroform, and labeled using DIG- 
High Prime (Roche Diagnostics GmbH, 
Mannheim, Germany). 

The circularized fragments described 
above were amplified by PCR with the 
specific primers, DsRed-1S (the primer for 
RT-PCR) and anti 5’endsite-1 (Table 1), 
performed at 94°C for 5 min, followed by 5 
cycles of 94°C for 30 sec, 65°C for 15 sec, 
and 68°C for 3 min, and 35 cycles of 94°C 
for 30 sec, 60°C for 15 sec, and 68°C for 3 
min. The PCR products were subjected to 
0.8% agarose gel electrophoresis and 
blotted onto the Hybond-N+ nylon 
membranes (Amersham Biosciences, 
Chalfont St. Giles, UK). Hybridizations 
were performed in 0.25 M sodium 
phosphate buffer (pH 7.5; 1% BSA, and 7% 
SDS) at 60°C over-night; and then washes 
with low-stringency buffer (2X SSC, 0.2% 
SDS) twice at room temperature for 20 
min followed by two washes in a 
high-stringency buffer (1X SSC, 0.1% SDS) 
at 60°C for 30 min. The result was 
detected using a DIG Nucleic Acid 

Fig. 1. Expression of the DsRed gene in transgenic B. dorsalis. A: head; B: thorax; C: abdomen; D: ovaries; E: fat 
bodies; F: thoracic muscles. Left panel of each pair was observed under UV light; and right panel was
observed under bright field. Arrows indicate the transgenic individuals and the corresponding wild type 
(unmarked one) body parts and tissues are used as the control. Scale bars = 0.5 mm. 
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Detection Kit (Roche Diagnostics) and 
exposure on X-ray film (Kodak). 
 
 

Results 
 
Germline transformation using 
piggyBac vector 

Fig. 2. The DsRed gene expression profile in different stages of transgenic B. dorsalis. (A) Total RNA was isolated 
from eggs, larvae, pupae and adults of wild type (wt) and transgenic B. dorsalis (t), respectively. The β-actin 
gene was used as the internal control. (B) The Southern blot profile. The DNA were extracted the respectively 
from generation 2 (t) of line B7-8 transgenic B. dorsalis and wild type individual (wt), digested by restriction 
enzyme SmaI and detected by the probe of partial DsRed gene. 
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As shown in Table 2, among nearly 
2500 pre-blastodermal embryo injections 
with the pBac(PUb-DsRed) vector mixed 
with different concentrations of the 
phspBac helper vector, a total of 513 
larvae hatched, and 32 individuals 
survived and grew up to adults. These 
adults were individually crossed with 
wild-type flies, and finally 19 reproductive 
individuals were obtained; however, only 

one of the transformed B. dorsalis, namely 
B7, produced DsRed-expressing progeny. 
Therefore, the average transformation 
frequency is about 5.3% (1/19). 

In this study, the G1 progeny of the 
line B7 was used to analyze the 
integration of the exogenous gene; and one 
of them, B7-8, was continuously cultured 
to observe the transformation stability. 

 

Fig. 3. Inverse PCR used to identify the sequences of the piggyBac insertion sites in the progeny of transgenic strain 
B7 of B. dorsalis. (A) Schematic diagram shows the insertion structure, PCR amplified region, primers sites, 
and opposite junctions between insert and genomic DNA of B. dorsalis; (B) The 5’- and 3’-end flanking 
sequences of the transgenic vector, pBac(PUb-DsRed) and various transgenic individuals, i.e. t-8, t-11, t-16, 
t-18, t-19, t-20, and t-33. The capital letters are the terminal repeats of the inserted piggyBac; and the lower 
case letters are the B. dorsalis genomic DNA sequences. 

(A) 

 
(B) 

Sequence of the junction of the piggyBac insert and the host genome 
 

5’ end  3’ end 
pBac(PUb-DsRed) taaagcgcaatcttttTTAA TTAAataatagtttctaattt 

t- 8 cctttaagacattttacTTAA TTCAAtttagtaaatggtgct 
t-11 ccaacattaaattttgtTTAA TTAAatctttacattatactt 
t-16 cctttaagacattttacTTAA TTAAatctttacattatactt 
t-18 cctttaagacattttacTTAA TTAAatctttacattatactt 
t-19 cctttaagacattttacTTAA TCAAtttagtaaatggtgcta 
t-20 cctttaagacattttacTTAA TTAAatctttacattatcatt 
t-33 cctttaagacattttacTTAA 

insert 

TTAAatctttacattatcatt 
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Fig. 4. Southern hybridization analyses of the exogenous fragment in the transgenic B. dorsalis, line B7-8. (A) The

schematic diagram shows the insertion structure of the transformation construct of piggyBac, PCR amplified
region, primer sites, and probe region. The PD probe for hybridization contains partial sequences of the
DsRed and PUb promoter regions. (B) Southern blot profile. The DNA were extracted respectively from
generations 2 and 37 (G2 and G37) of transgenic B. dorsalis of line B7-8 and wild type individual (wt),
digested by restriction enzyme SmaI and detected by the PD probe. M: DNA marker. 

 

(A) 

 

(B) 

 



 34 台灣昆蟲第三十卷第一期 

DsRed expression in the transgenic B. 
dorsalis 

With the transposon successfully 
integrated into the B. dorsalis genome of 
line B7, their progeny displayed red 
fluorescence from DsRed expression in 
almost all body parts, such as the head, 
thorax, and abdomen (Fig. 1A-C). The 
uneven distribution of red fluorescence 
was probably caused by the variable 
degree of gene expression in different 
tissues and/or by shielding of the 
pigmentation and melanization of the 
cuticle. The internal tissues, especially 
muscle, fat body and ovary, were the main 
places of DsRed expression (Fig. 1D-E). 

To date, the transgenic line has been 
maintained for over 65 generations. The 
DsRed expression appears to be stable, 
and RT-PCR confirmed strong DsRed 
expression in the embryos, larvae, pupae 
and adults (Fig. 2). These results indicate 

that transgenic B. dorsalis can stably 
inherit the marker (or target gene). 
 
Evidence for the integration of the 
exogenous gene cassette in B. dorsalis 

The transposition assay for the 
insertion sites of B7 progeny (G1, shown 
with a t-number in Fig. 3B) with inverse 
PCR revealed that the piggyBac-mediated 
target fragment was indeed integrated 
into the B. dorsalis genome. The conserved 
sequence of the integrated site of piggyBac, 
i.e. TTAA, was identified at the junctions 
of the inverted terminal repeats (ITRs) of 
piggyBac and the host genomic DNAs in 
all seven transgenic B. dorsalis lines (Fig. 
3). Among them, t-16, t-18, t-20, and t-33 
possessed the same adjacent genomic DNA 
sequences at both the 5’- and 3’-ends; 
however, the 3’-terminal sequences of t-8 
and t-19 and the 5’-terminal sequences of 
t-11 were different from other siblings (Fig. 

Table 1. Primers used for the inverse PCR analysis of the transposition of piggyBac in the B. dorsalis genome 

Primer  Sequence 
Position on 

pBac(PUb-DsRed) 
5'end-1 5' GGCGACAAGATCGGGTACCGTC 3'  3146-3167 
5'end-2 5' CGCTTTGCAGAAGAGCAGAGAGGATATG 3' 2792-2819 
5'end-3 5' CCAAGCGGCGACTGAGATGTCC 3' 2533-2554 
3'end-1 5' AGCTATTCCAGAAGTAGTGAGGAGGC 3' 7001-7026 
3'end-2 5' CTCCAGGCCAGTGGGAACATCG 3' 7101-7122 
3'end-3 5' CCCCTCTAAAATAAGGCGAAAGGCA 3' 7629-7653 

 
 
Table 2. The outcome of the germline transformation experiments in B. dorsalis eggs injected with different ratios of 

vector-helper mixtures 

Plasmid DNA conc. 
(ng/μL) 

Vector : Helper 

No. of eggs 
injected 

No. of larvae 
(Hatching rate, %)

No. of G0 adults 
(Eclosion rate, %)

No. of 
reproductive 

G0 

No. of 
Transformed 

G0* 
500 : 125 548 128 (23.36) 6 (01.64) 6 1 
500 : 167 475 117 (24,63) 13 (02.11) 6 - 
500 : 250 490 101 (20.61) 11 (02.24) 6 - 
500 : 300 438 105 (23.93) 2 (00.46) 1 - 
500 : 500 507 62 (12.23) 0 (00.00) - - 
Total No. 2488 513 32 19 1 

Saline (control) 307 108 (35.18) 58 (18.89) - - 
* Transformation frequency = the total numbers of transformed G0/the total numbers of fertile G0. 
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3), indicating that they had different 
insertion sites. 

Southern blot data showed that the 
integrated fragments could be detected 
(Fig. 4), indicating that the exogenous 
frame was integrated into the genomic 
DNA of B. dorsalis. Distinct patterns 
were observed between generations 2 
and 37 of the line B7-8 digested with 
SmaI (Fig. 4). In the samples of 
generation 2 (G2), at least 3 bands with 
different sizes were labeled, while at 
least 4 bands were labeled in the sample 
of generation 37 (G37). Moreover, there 
was a faint band visible in the wild type 
sample (wt). 
 
Discussion 
 
Low transformation frequency in 
transgenesis 

Several methods, including microinjection, 
electroporation (Moto et al., 1999), biolistics, 
and transfection reagents, have been used 
for insect transgenesis (Kiehart et al., 
2000). For microinjection of insects, the 
most difficult step is how to soften or strip 
the eggshell. In Drosophila or Ceratitis 
capitata, dechorionation with diluted 
hypochlorite solution (Handler, 2000) has 
been commonly used, but this method was 
not successful for processing B. dorsalis 
eggs. Therefore, we developed a method 
for removing B. dorsalis eggshells with 
sharp-tipped forceps. This method worked 
well for our system. 

The final average transformation 
frequency in this fly was 5.3% (Table 2), 
which is comparable to other dipteran 
species transformed with the piggyBac 
vector (Handler et al., 1998; O’Brochta et 
al., 2000). Low transformation frequencies 
of germline transformation were also 
noted in other insects (Catteruccia et al., 
2000; O’Brochta et al., 2000; Peloquin et 
al., 2000). There is still no firm evidence to 
explain the cause of the low efficiency, 
although some possible reasons have been 
proposed. Handler and Harrell (1999) 

reported that the increasing vector size 
causes a decrease of the transformation 
frequency; Sarkar et al. (1997) suggested 
that the presence of endogenous 
transposable elements might affect the 
transformation frequency; and Li et al. 
(2001) and Kapetanaki et al. (2002) 
pointed out that the low frequency might 
be due to the low expression level of the 
transposase. 
 
Marker selection in germline 
transformation 

In order to establish a transgenic line 
and determine its stability, an appropriate 
selection marker is very critical. In recent 
researches on insect transgenesis, the 
green fluorescent protein (GFP) or its 
enhanced derivative (EGFP) has been 
widely used as the selection marker in 
dipteran and lepidopteran insects (Handler 
and Harrell, 1999; Tamura et al., 2000; 
Peloquin et al., 2000; Pinkerton et al., 
2000). However, it is not suitable for B. 
dorsalis transgenesis because of a 
significant autofluorescence of B. dorsalis 
tissues under UV illumination. This 
drawback is readily solved by replacing 
EGFP with DsRed. Up to now, the 
expression of DsRed under the control of a 
polyubiquitin promoter in transgenic B. 
dorsalis has been strong, ubiquitous and 
constitutive throughout the entire 
development and for almost all tissues, 
which is quite similar to that of GFP in 
the Caribbean fruit fly (Handler and 
Harrell, 2001b). These expression 
characteristics are also similar to those of 
the polyubiquitin in Drosophila (Lee et al., 
1988). 
 
Re-translocation of ectopic insertions 
may be caused by potential endogenous 
transposase in transgenic B. dorsalis 

As shown in our results, the 
integration of an exogenous gene into the 
B. dorsalis genome has been confirmed by 
Southern blot and transposition assay. 
However, we were unable to ascertain 
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whether the transgenic status is stable in 
the fly. Handler and McComb (2000) 
indicated that there are approximately 
10-20 transposon-like elements in two 
strains of B. dorsalis. Furthermore, 
piggyBac-like sequences were reported as 
well in other dipterans and lepidopterans, 
including D. melanogaster (Sarkar et al., 
2003), Bactrocera spp. (Handler and 
McComb, 2000; Bonizzoni et al., 2007) and 
some moths (Wang et al., 2006; Xu et al., 
2006; Zimowska and Handler, 2006; Sun 
et al., 2008). In the present study, the 
Southern blot results showed that the 
integrated sites appear to have changed 
after several generations (Fig. 4B). This 
might be because it is possible that 
endogenous piggyBac-like elements exist 
in our B. dorsalis. In addition, the faint 
labeling shown in the wild type (Wt) as 
detected by the PD probe (Fig. 4B) 
indicates that the homologous sequences 
of the promoter of the ubiquitin gene or its 
promoter also exist in the B. dorsalis 
genome. 

In conclusion, although the phenomenon 
of re-translocation remains to be confirmed, 
we have successfully established a 
germline transformation in B. dorsalis, 
and the transgenic marker, DsRed, 
remains stably expressed after more than 
65 generations. These results indicate that 
using the RIDL concept to control B. 
dorsalis is feasible although the release of 
transgenic insects into the field to control 
pests is impermissible at the moment. 
Moreover, using transgenic B. dorsalis as 
a bioreactor to produce valuable exogenous 
proteins is also possible. 
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利用 piggyBac 轉基因子進行東方果實蠅之生殖細胞系基因

轉型 

陳秀玲 1、張誠 2、黃紹毅 1、路光暉 1* 

1 國立中興大學昆蟲學系 40227 台中市南區國光路 250 號 
2 國立中興大學生物科技發展中心 40227 台中市南區國光路 250 號 

 
 
 
 

摘  要 
 

  東方果實蠅 (Bactrocera dorsalis (Hendel)) 為亞洲國家及台灣的重要果樹害

蟲。本研究，我們利用生殖細胞系轉型 (germline transformation) 技術建立轉基因

東方果實蠅 (transgenic orient fruit fly)，期以進一步發展利用昆蟲轉基因技術 

(insect transgenic technology) 建立害蟲防治的方法。進行基因轉殖所使用的轉基因

子 (transposon) 為 piggyBac；將帶有果蠅泛素啟動子 (Drosophila polyubiquitin 

promoter) 調控紅色螢光蛋白基因 (DsRed gene) 之 piggyBac 轉基因子載體，以

微注射 (microinjection) 注入胚胎內進行細胞轉型作用，使外來基因嵌入果實蠅基因

組 (genome) 上。試驗結果顯示轉基因之平均成功率為 5.3%，此與其他同樣以 

piggyBac 轉基因子轉殖雙翅目昆蟲之結果相近。轉基因東方果實蠅個體均可於各發

育期穩定表現紅色螢光蛋白 (DsRed)。轉位分析 (transposition assay) 證實標的片

段嵌入基因組的 TTAA 位置，符合 piggyBac 轉因子之作用特性；而南方墨點法 

(Southern blot) 則顯示該標的片段可穩定遺傳至子代，目前已超過 65 代。 
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