
INTRODUCTION

The tephritid genus Bactrocera is widely distrib-
uted in the Asia-Pacific region and contains a num-
ber of economically important species that cause
losses in fruit and vegetable crops. Among 11
species of Japanese Bactrocera, the two major pest
species, the oriental fruit fly Bactrocera dorsalis
and the melon fly B. cucurbitae, were eradicated
from the country (Yoshizawa, 1997). However, as a
result of increased importation of fruits and vegeta-
bles in recent years, fruit flies of foreign origins
have been frequently intercepted at quarantine in-
spection sites. Consequently, it has become in-
creasingly important to take precautions against
their invasion.

To that end, it is necessary to identify pest
species accurately. Traditionally, they have been
identified based on the morphological characteris-
tics of adult insects (White and Hancock, 1997).
However, it is sometimes difficult to identify Bac-

trocera species, because there are numbers of
species that are not morphologically distinct.
Moreover, there are many cases in which morpho-
logical criteria cannot be easily applied. For exam-
ple, species identification of immature insects usu-
ally requires rearing individuals until adult emer-
gence. Many species can be discriminated from al-
lied species only by the characteristics of male
adults. Species identification is difficult when only
broken pieces or portions of insect body are avail-
able. Such situations necessitate the development
of new criteria for rapid and accurate identification
of Bactrocera species that can be applied in quar-
antine practices.

Recently, a number of entomologists have ana-
lyzed the nucleotide sequences of fruit flies to infer
phylogenetic relationships among species and
groups (Han and McPheron, 1997; Smith and
Bush, 1997; Han, 2000; Muraji and Nakahara,
2001). As a result, several hundred sequences were
submitted to international DNA sequence data-
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bases such as DDBJ, EMBL, and GenBank. These
sequences can be used to design methods of
species identification based on PCR-RFLP (Re-
striction fragment length polymorphisms in DNA
fragments amplified by polymerase chain reaction),
though such an analysis has not yet been per-
formed for Bactrocera species.

In this study, we sequenced a 1.6 kb-long portion
of mitochondrial DNA (mtDNA) using 19 individ-
uals from eight Bactrocera pest species mainly dis-
tributed in the Oceanian region (i.e., B. tryoni, B.
frauenfeldi, B. musae, B. cucumis, B. neohumeralis,
B. jarvisi, B. curvipennis, and B. psidi). Using
these and reported sequences of major pest species
in the Oriental region, RFLP patterns were esti-
mated and compared in order to develop a PCR-
RFLP-based method of species identification. The
utility of the method was improved by using
shorter sections within the sequence amplified by
PCR primers designed according to the distribution
of recognition sites of diagnostic restriction en-
zymes. In addition, we also performed molecular
phylogenetic analyses based on the sequences in
order to examine the positioning of each species
among many species of fruit flies.

MATERIALS AND METHODS

Materials used in this study are listed in Table 1.
Template DNA for sequencing and PCR-RFLP
analyses was extracted from whole body or por-
tions (mainly legs) of individual adults using a Ge-
nomicPrepTM Cells and Tissue DNA Isolation Kit
(Amersham Pharmacia). Template DNAs were dis-
solved in 200 or 50 m l of sterilized water. Using 19
individuals of eight Oceanian species, the nu-
cleotide sequence of the PCR amplified fragment
(1.6 kb long) was analyzed. Experimental proce-
dures for amplification, purification, labeling, and
sequencing were the same as those described in
Muraji and Nakahara (2001). Nucleotide sequences
obtained were submitted to DDBJ/EMBL/Gen-
Bank nucleotide sequence databases (Accession
numbers; AB074018–AB074029).

The sequences were aligned with those of 10
previously reported species of Bactrocera (de-
scribed at the end of this section) and three other
dipteran insects, the fruit fly Drosophila yakuba
(X03240), the Mediterranean fruit fly Ceratitis
capitata (AJ242872), and the Mexican fruit fly

Anastrepha ludens (AB035102), using the program
TreeAlign (Hein, 1990) with default parameters
(gapa58, gapb53). For phylogenetic analyses, am-
biguously aligned portions (226 bp in total length,
including gaps) were excluded from the alignment,
and consistently aligned sequences (1,458 bp) were
analyzed using PAUP* Version 4.0 b8 (Swofford,
1999) and MEGA version 1 (Kumar et al., 1993).
In the weighted parsimony analysis using PAUP, 
a weighting scheme generated using the
“REWEIGHT” command with an “index5RC”
option, treating the consensus tree of the un-
weighted parsimony analysis as the starting tree,
was applied. The support for each node was as-
sessed by 1,000 replications of bootstrapping,
using a 100 maxtree option.

For 43 sequences of the 18 species obtained in
this and previous studies (Muraji and Nakahara,
2001), recognition sites of 50 restriction enzymes
were estimated using the computer program Gene-
tyx-Mac Version 10.1 (Software Development).
Based on the distribution of diagnostic restriction
sites and on the homology in the aligned se-
quences, four sets of PCR primers (8 primers in
total) were designed to amplify diagnostically in-
formative sections within the mtDNA fragment.
PCR products obtained using these primers were
used for the PCR-RFLP analyses. In order to test
the efficiency of the primers, PCR was also per-
formed using several dried specimens (B. dorsalis
and B. cucurbitae) left at room temperature for
more than 4 months. Amplification was carried out
under the experimental conditions described in
Muraji and Nakahara (2001). Two to 4 m l of the
PCR product was incubated in a total reaction vol-
ume of 10 m l containing 2 U restriction enzyme,
AseI, DraI (Nippon Gene), ApoI, or MseI (NEW
ENGLAND BioLabs), and 13reaction buffer for
2 h at 37°C (or 50°C for ApoI). Restriction frag-
ments (5 m l of reaction mixture) were elec-
trophoresed in 2, 4, or 4.5% MetaPhorTM agarose
(BioWhittaker Molecular Applications) gel in
13TBE buffer at 6–7 V/cm for 2 h then visualized
by staining with ethidium bromide.

Species and accession numbers of the sequences
used in phylogenetic and restriction fragment
analyses were as follows: B. carambolae
(AB035117, AB035118), B. dorsalis (AB035114,
AB035115, AB035116), B. kandiensis (AB048737,
AB048738), B. occipitalis (AB048741, AB048742),
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B. papayae (AB035119, AB035120), B. philip-
pinensis (AB035111, AB048743, AB048744), B.
depressa (AB035100, AB035101), B. cucurbitae
(AB035112, AB035113, AB048754, AB048748),
B. tau (AB048745, AB048746), and B. tsuneonis
(AB074030).

RESULTS

Sequence alignment
Among the 18 species treated in this study,

mtDNA sequences had not been previously studied
for eight species distributed mainly in the Oceanian

region. For such species, we successfully deter-
mined 1,599–1,601 bp-long sequences using 19 in-
dividuals. Nucleotide composition of these se-
quences was biased for A and T, and showed an av-
erage A1T content of 77.6% (range: 73.5–78.4%).
When the sequences were aligned with those of 10
previously reported Bactrocera fruit flies and the
three other dipteran species, at least 17 sites of in-
sertion/deletion mutations were detected. Due to
this phenomenon, these sequences could not be
aligned unambiguously in such portions. Thus, for
phylogenetic analyses, 17 ambiguously aligned
portions (226 bp in total length including gaps)
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Table 1. Specimens used in this study

Subgenus Speciesa Collection siteb Analysis performedc

Afrodacus B. jarvisi Queensland, Australia PCR-RFLP (3) / Sequencing (2)
Austrodacus B. cucumis Queensland, Australia PCR-RFLP (3) / Sequencing (3)
Bactrocera B. curvipennis New Caledonia PCR-RFLP (2) / Sequencing (2)

B. frauenfeldi Queensland, Australia PCR-RFLP (2) / Sequencing (2)
B. musae Queensland, Australia PCR-RFLP (2) / Sequencing (2)
B. neohumeralis Queensland, Australia PCR-RFLP (2) / Sequencing (2)
B. psidi New Caledonia PCR-RFLP (3) / Sequencing (3)
B. tryoni Queensland, Australia PCR-RFLP (2) / Sequencing (2)

New Caledonia PCR-RFLP (1) / Sequencing (1)
B. carambolae* Kuala Lumpur, Malaysia PCR-RFLP (1)

Pattani, Thailand PCR-RFLP (3)
Nakhon Si, Thailand PCR-RFLP (2)
Bandung, Indonesia PCR-RFLP (3)

B. dorsalis* Amami, Kagoshima, Japan PCR-RFLP (5)
Naha, Okinawa, Japan PCR-RFLP (5)
Ogasawara, Tokyo, Japan PCR-RFLP (5)

B. kandiensis* Katunayake, Sri Lanka PCR-RFLP (3)
B. occipitalis* Narita Airport (Philippines) PCR-RFLP (1)

Nagoya Airport (Philippines) PCR-RFLP (1)
Cebu, Philippines PCR-RFLP (2)
Davao, Philippines PCR-RFLP (3)

B. papayae* Kuala Lumpur, Malaysia PCR-RFLP (1)
Pattani, Thailand PCR-RFLP (3)
Bandung, Indonesia PCR-RFLP (5)

B. philippinensis* Narita Airport (Philippines) PCR-RFLP (4)
Davao, Philippines PCR-RFLP (3)

Tetradacus B. tsuneonis Oita, Japan PCR-RFLP (3)
Zeugodacus B. cucurbitae Amami, Kagoshima, Japan PCR-RFLP (1)

Naha, Okinawa, Japan PCR-RFLP (1)
Sri Lankad PCR-RFLP (1)

B. depressa Nago, Okinawa, Japan PCR-RFLP (1)
Yokohama, Kanagawa, Japan PCR-RFLP (1)

B. tau Kegalla, Sri Lanka PCR-RFLP (4)

a Species denoted by an asterisk belong to the Bactrocera dorsalis complex.
b The country that exported fruits from which Bactrocera fruit flies were detected is shown in parentheses.
c Numerals in parentheses refer to the number of individuals used for sequencing and PCR-RFLP analyses.
d A laboratory strain established using insects collected at Puttalam, Negombo, and Dumbulla in Sri Lanka.



were excluded from the alignment according to the
method described by Muraji and Nakahara (2001).

Phylogenetic analysis
Phylogenetic analyses were performed using

1,458 bp-long aligned sequences from which am-
biguously aligned sections were excluded. In the
case of the maximum parsimony analysis, the un-
weighted method generated the two most parsimo-
nious trees (length: 577 steps, CI: 0.759) based on
145 parsimony-informative characters. Analysis
using the character weighting also generated the
two most parsimonious trees (length: 382 steps, CI:
0.907) (Fig. 1). Among trees, differences were ob-
served only in the relationships between the closely
related species B. dorsalis, B. papayae, and B.
carambolae within the same clade. In these trees,
many of the phylogenetic relationships were sup-
ported by bootstrap analysis. In the case of neigh-
bor-joining analyses, topologies generated based
on Jukes-Cantor, Tamura, Tamura-Nei, and Kimura
2-parameter distances were in agreement. When
only nodes supported by bootstrap confidence lev-
els of higher than 50% were considered, neighbor-

joining trees agreed well with those generated by
the weighted parsimony method except in the case
of the positioning of B. tsuneonis.

PCR-RFLP analysis
For 43 sequences of the 18 Bactrocera species

obtained in this and previous studies (Muraji and
Nakahara, 2001), recognition sites of 50 restriction
enzymes were examined using the computer pro-
gram Genetyx (data not shown). Restriction pat-
terns expected from the sequences revealed that all
18 species could be discriminated among by PCR-
RFLPs with MseI and several other restriction en-
zymes (ApoI and AluI or Sau3AI). Figure 2 shows
banding patterns of representative individuals of
the 18 species treated with the enzyme MseI. Each
sample contains a considerable number of restric-
tion bands, and there are several bands that could
not be clearly resolved. Banding patterns of ApoI,
AseI, and DraI were expected to be less variable,
and they could not discriminate among several
species even when results from different enzymes
were combined.

In order to simplify the banding patterns to be
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Fig. 1. One of the two most parsimonious trees generated by the weighted parsimony analysis based on consistently aligned
1,458 bp-long sequences. Nucleotide sequences of species denoted by an asterisk were obtained in this study.



treated in PCR-RFLP analyses, PCR primers were
designed to amplify shorter diagnostically informa-
tive sections within the mtDNA sequence. Figure 3
shows the distribution of recognition sites of the
four most variable enzymes along the length of the
DNA sequence. In this figure, variable sites seem
to be distributed among four separate sections (bp
150–400, bp 400–900, bp 900–1,300, and bp
1,350–1,600). Based on the highly conserved se-
quences that flank these sections, we designed four
sets of PCR primers to amplify these sections sepa-
rately (Table 2). These primer sets successfully am-
plified DNA fragments from specimens of all 18
species that had been freshly killed and stored in
99.9% ethanol. They also worked effectively when
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Fig. 2. Banding patterns detected among the 18 Bactrocera species using a PCR-amplified 1.6 kb-long mtDNA fragment and
the restriction enzyme MseI. Samples were electrophoresed in 4.5% MetaPhorTM agarose gel. Lanes: 1: B. carambolae, 2: B. kandi-
ensis, 3: B. jarvisi, 4: B. depressa, 5: B. tsuneonis, 6: B. cucumis, 7: B. cucurbitae, 8: B. tau, 9: B. frauenfeldi, 10: B. psidi, 11: B.
curvipennis, 12: B. tryoni, 13: B. neohumeralis, 14: B. dorsalis, 15: B. papayae, 16: B. philippinensis, 17: B. occipitalis, 18: B.
musae, M: 25 bp-ladder.

Fig. 3. Recognition sites of representative restriction enzymes expected from 43 nucleotide sequences of the 18 Bactrocera
species shown along the length of the mtDNA fragment. Horizontal lines indicate the mtDNA sections used in the PCR-RFLP
analyses.

Table 2. PCR primers designed to amplify four different
sections within the 1.6 kb-long mtDNA sequence 

shown in the 59–39 direction

Section Primer Sequence

I AFP2 ATCCAACATCGAGGTCGCAAAC
ARP1 GGCTGGTATGAACGGTTGGACGAG

II BFP2 CTCGTCCAACCGTTCATACCAGCC
BRP2 GTTATTCGTTTATAAAGGTATCT

III CFP2 AAACTAGATACCTTTATAAAC
CRP1 GTAACATAGTAGATGTACCGGAA

IV DFP1 TAATGAGAGCGACGGGCGAT
DRP2 GGAACCTGTCCTGTAATTGATAAT



template DNA obtained from dried specimens of B.
dorsalis and B. cucurbitae left at room temperature
for more than 4 months were used (data not
shown). In this study, the four sections were de-
noted as sections I, II, III, and IV. They corre-
sponded to bp 12,948–13,291, 13,268–13,778,
13,751–14,192, and 14,209–14,504 of the D.
yakuba sequence (X03240), respectively.

Table 3 shows the length of restriction fragments
expected among the 43 sequences when the four
DNA sections were treated separately with restric-
tion enzymes ApoI, AseI, DraI, and MseI. Banding

patterns expected for each species are presented in
Table 4. In this table, no single section could dis-
criminate among all the species. However, when
results from different sections are combined,
species-specific patterns are seen in all species.
Based on these results, the method for Bactrocera
species identification was designed (Fig. 4). In this
scheme, five of the 18 species are clearly identified
by banding patterns generated using the sections I
and MseI, and the remaining species are separated
by one or two further analyses.

Figure 5 shows banding patterns of representa-
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Table 3. Restriction fragment length estimated among 43 sequences of 18 Bactrocera speciesa

Section I Section II Section III Section IV

ApoI A: 149 139 47 12 A: 199 156 102 43 13 10 A:261 184 A: 236 62
B: 149 112 47 27 12 B: 163 156 102 48 43 B:261 164 19 B: 236 47 16
C: 148 81 58 47 12 C: 163 156 102 43 35 13 C:164 142 119 19 C: 189 62 47
D: 149 58 54 47 39 D: 163 102 86 71 48 43 D:164 134 128 19 D: 189 47 47 16
E: 149 58 54 47 27 12 E: 163 102 86 71 43 35 13 E:164 119 114 29 19 E: 76 62 57 54 47

DraI A: 212 135 A: 401 83 A:348 51 45 A: 182 60 55
B: 218 129 B: 319 84 83 29 B:301 98 45 B: 309
C: 179 135 33 C: 319 83 79 30 C:270 123 51
D: 168 129 50 D: 311 90 83 28 D:250 98 51 45
E: 135 129 50 33 E: 278 123 83 29 E:225 123 51 45
F: 347 F:127 123 98 51 45

AseI A: 228 119 A: 369 144 A:337 107 A: 247 49
B: 228 96 23 B: 249 167 96 B:233 211 B: 297
C: 150 119 78 C: 249 144 119 C:173 160 107
D: 150 96 78 23 D: 249 119 96 48 D:173 128 107 21 15
E: 347 E:149 111 107 62 15

F:128 126 107 62 21
G:128 126 107 84
H:128 111 107 84 15
I:128 111 107 62 21 15

MseIb A: 92 78 57 44 41 A: 135 93 52 45 35 A:128 76 50 40 30 A: 140 55 49 43 10
B: 92 78 57 50 44 B: 109 93 52 45 35 B:103 59 50 46 40 B: 110 55 49 43 30 10
C: 92 78 44 41 33 C: 109 67 52 45 35 C:103 98 54 54 50 46 C: 71 55 49 43 38 30
D: 92 78 44 33 D: 106 93 52 45 35 D: 98 59 50 46 40 36 D: 71 69 59 55 43
E: 88 78 77 41 E: 93 62 52 45 43 35 E: 98 59 50 46 40 E: 309
F: 88 78 44 41 33 F: 93 60 52 48 45 F: 82 71 50 46 40
G: 88 78 44 33 G: 93 60 58 52 49 45 35 G: 82 59 54 50 46
H: 88 78 44 41 H: 84 60 52 45 41 H: 82 59 50 46 40
I: 78 73 59 57 44 I: 84 60 52 49 45 I: 82 52 50 50 46 27

J: 84 58 52 50 45 35 J: 82 52 50 50 46
K: 82 50 50s46 40 37 27
L: 82 50 50 46 40

M: 72 52 50 50 46 27

a The length of each fragment was averaged.
b Restriction fragments shorter than 25 (Sections I and III) or 30 bp (Section II) were ignored.



tive individuals of the 18 species obtained using di-
agnostic mtDNA sections and the restriction en-
zymes shown in Fig. 4. When compared with the

image shown in Fig. 2, banding patterns became
simpler and are considered to be suitable for dis-
crimination of different restriction fragments. In

PCR-RFLP Analysis of Bactrocera Fruit Flies 443

Table 4. Banding patterns expected for the four sections of the mtDNA treated with four different restriction enzymesa,b

Section I Section II Section III Section IV
Species

ApoI DraI AseI MseI ApoI DraI AseI MseI ApoI DraI AseI MseI ApoI DraI AseI MseI

B. frauenfeldi E A A C B B C E C D F J E A A B
B. psidi E E A C B B C E C D F L E A A B
B. jarvisi E C B D C A C C C D I F E A B B
B. curvipennis E A D G B C C J E D G G E A A B
B. tryoni D A D G B C C J E D H H E A A B
B. neohumeralis E A D G B C C J E D H H E A A B
B. cucumis C A A A B A B I B E D M D A A D
B. musae E E C H C E C B C A E B E A A B
B. dorsalis E E C H C E A A C D E E E A A A
B. papayae E E C H C E A A C D E E or D* E A A B
B. philippinensis E E C H C E A A C D E E E A A C
B. occipitalis E C C H C E C B C D E D E A A B
B. carambolae E E A F C E A A C D E E or D* E A A B
B. kandiensis B D A E C E C D C D I F E A A B
B. cucurbitae C A A A E A D H B F D I B or D* A A D
B. tau C A A A E A D H B F D K B A A D
B. depressa A B E B D* D* C F D C A* A C A* A D

A B E B E* A* C F D C C* A C B* A D
B. tsuneonis A F E I A D C F A B B C A B A E

a Characters A–M refer to the restriction fragment patterns defined in Table 3.
b Asterisks refer to intraspecific variations.

Fig. 4. Scheme for the Bactrocera species identification based on PCR-RFLP patterns estimated for the four sections of the
mtDNA fragment. Characters A–M refer to the banding patterns defined in Table 3.



this analysis, banding patterns of 83 individuals
were compared and no intra-specific variation was
observed except in the case of B. carambolae in
which six of the nine specimens examined showed
the same banding patterns as B. papayae. Thus, the
analysis confirmed that the scheme proposed in
Fig. 4 could be applied to almost all individuals of
the species treated in this study.

DISCUSSION

Phylogeny
In the molecular phylogenetic analyses, topolo-

gies generated by the neighbor-joining and maxi-
mum parsimony methods agreed very well. Al-
though most of the phylogenetic relationships were
supported by relatively high bootstrap confidence
levels, molecular phylogenetic trees disagreed in

part with the currently accepted morphological
classification (Hardy and Foote, 1989; White and
Hancock, 1997). Among five subgenera included
in the analyses, monophylies of subgenera Bactro-
cera and Zeugodacus were revealed to be question-
able. The monophyly of the subgenus Zeugodacus
was violated by a close relationship between B.
(Austrodacus) cucumis and B. (Zeugodacus) cucur-
bitae1B. (Z.) tau. In all the phylogenetic trees ob-
tained in this study, B. (Afrodacus) jarvisi was al-
ways positioned within the clade including B.
(Bactrocera) species. Unexpected relationships
were also detected between B. musae and species
of the B. dorsalis complex. The B. dorsalis com-
plex species, B. dorsalis, B. papayae, B. carambo-
lae, B. philippinensis, and B. occipitalis, always
showed a closer relationship with B. musae than
with the other members of the complex, B. kandi-
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Fig. 5. Banding patterns detected among the 18 Bactrocera species using PCR-amplified mtDNA sections and restriction en-
zymes indicated in Fig. 4. Samples were electrophoresed in 2 (D and F) or 4% (A, B, C, and E) MetaPhorTM agarose gel. Lanes: 1:
B. carambolae, 2: B. kandiensis, 3: B. jarvisi, 4: B. depressa, 5: B. tsuneonis, 6: B. cucumis, 7: B. cucurbitae, 8: B. tau, 9: B. frauen-
feldi, 10: B. psidi, 11: B. curvipennis, 12: B. tryoni, 13: B. neohumeralis, 14: B. dorsalis, 15: B. papayae, 16: B. philippinensis, 17:
B. occipitalis, 18: B. musae, M: 25 bp-ladder.



ensis.
As in many other genera belonging to the sub-

family Dacinae, classification of Bactrocera taxa
has long been complicated. Before Drew (1989)
proposed the current status of taxa within the
genus, taxonomic positions of this and related
groups had been changed many times. Our results
are considered to reflect such a situation and to
support the view of Drew (1989) that the supraspe-
cific classification of the subfamily is unsettled.
The present study strongly demonstrated the neces-
sity of closer analyses of morphological character-
istics and of new criteria, such as nucleotide se-
quences, to test the morphologically based classifi-
cation.

Species identification
In this study, we considered a PCR-RFLP-based

method of Bactrocera species identification based
on nucleotide sequences of the mtDNA. Using the
spacer (ITS) region of the nuclear ribosomal DNA,
Armstrong et al. (1997) also analyzed PCR-RFLPs
of fruit fly species of quarantine importance in
New Zealand. However, because they used PCR-
primers designed to amplify a relatively long DNA
fragment (3–3.5 kb), their primers were sometimes
difficult to use for DNA samples obtained from
specimens left under protracted bad conditions
(Muraji, unpublished). In addition, because nu-
cleotide sequences of ITS and the flanking regions
were known for only a small number of species of
this insect group, it has been difficult to redesign
PCR primers to analyze shorter sections within the
DNA fragment. In the present study, we deter-
mined diagnostically useful PCR primers and re-
striction enzymes based on nucleotide sequences of
a number of Bactrocera species. However, we
could not confirm the applicability of the method
for a wide variety of Bactrocera species. As dis-
cussed below, the applicability of such a method is
determined by several aspects included in the ex-
perimental procedure. The method proposed in this
study was devised to deal with such restrictions.

For analyses performed in quarantine practices,
the PCR primers must work with samples stored or
left under a variety of conditions and must be able
to amplify DNA fragments from a variety of
species. Thus, we designed the primers to amplify
short sections within the sequence, because PCR
usually works effectively when a short DNA frag-

ment is amplified. We designed the primers based
on highly conserved sequences detected among
various Bactrocera taxa. The results of PCR re-
flected these considerations, and indicated that
these primers could work well with DNA template
extracted from various Bactrocera species and
from dried specimens left under protracted room
conditions. Because our primers also work with
Dipteran flies of several other groups, such as the
Anastrepha and Drosophila (data not shown), they
are expected to be applicable for a wide variety of
Bactrocera species.

For rapid analysis of restriction fragments, band-
ing patterns should be as simple as possible. Be-
cause the resolution of different-size DNA frag-
ments depends on the concentration of agarose gel
(Sambrook et al., 1989), it is often difficult to de-
termine the size of various bands simultaneously.
Because we used relatively short sections of the
mtDNA (296–515 bp) in restriction analyses, this
problem was to some extent avoided. On the other
hand, these mtDNA sections frequently generated
very short restriction fragments, which could not
be separated by usual agarose gel electrophoresis.
However, we confirmed that a 3 bp difference be-
tween DNA bands of about 40 bp in length was
clearly detected by agarose gel electrophoresis
using a special kind of agarose developed for sepa-
ration of small DNA fragments (see Materials and
Methods).

In order to assure the applicability of the method
for a wide variety of Bactrocera species, banding
patterns should be as variable as possible. How-
ever, because mtDNA sequences are available only
for a relatively small number of species, we could
not, at this point, confirm the usefulness of the
method. However, given that all the sequences used
were submitted to international DNA databases ac-
cessible on the World Wide Web, researchers can
easily test and redesign the scheme for species
identification in the event that they obtain the se-
quence of Bactrocera not included in this study.

In this study, PCR-RFLP analyses could not dis-
criminate between B. papayae and the majority of
individuals of B. carambolae. However, such indi-
viduals showed banding patterns specific to B.
carambolae when the spacer region of the nuclear
ribosomal DNA was analyzed (Muraji, unpub-
lished). Thus, such individuals may be hybrids or
interbreeding descendants between the closely re-
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lated sympatric species within the B. dorsalis com-
plex. In fact, several researchers have suggested the
possibility of interbreeding and introgression
among sibling species within this insect group
(Yong, 1995; Iwaizumi et al., 1997; McInnis et al.,
1999). In order to confirm the genetic interrelation-
ship among the B. dorsalis complex species, analy-
ses of field populations using many other genetic
markers are needed. Such information could help
confirm the reliability and accuracy of the PCR-
RFLP-based method of species identification of
this insect group.
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