
Introduction

　Association between insects and bacteria (intracel-
lular and intercellular) are quite common in nature and 
known since the last century (Petri, 1909). About 15% 
of all insects harbor diverse communities of endosym-
bionts (Brooks, 1963; Buchner, 1965; Douglas, 1998; 
Moran et al., 2008; Stouthamer et al., 1999). Among 
various pests, the tephritid genus Bactrocera is widely 

distributed in the Asia-Pacifi c region and contains eco-
nomically important species causing considerable 
losses to fruits and vegetables. Among them, the mel-
on fl y (Bactrocera cucurbitae Coquillett) and pumpkin 
fl y (B. tau Walker) are distributed throughout South-
East Asia, attacking fruits of a range of plant species 
(Huque, 2006; Narayanan and Batra, 1960; White and 
Elson-Harris, 1992). In tephritidae, symbionts provide 
their hosts with certain essential amino acids lacking 
in fruit tissues (Drew and Llyod, 1989; Drew et al., 
1983; Gupta and Anand, 2003; Jang and Nishijima, 
1990). These symbionts may act as a natural source of 
nitrogen, amino acids and vitamins. Their nitrogenase 
activity might be involved in nitrogen fi xation as in 
rhizobia of legumes (Behar et al., 2005; Murphy et al., 
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Characterization of three bacterial symbionts (BC1, BC2 and BC3) of fruit fl y Bactrocera tau in-
cluding morphological, biochemical and 16S rDNA (rrs gene) analysis was done to determine 
their taxonomic position. Morphological and biochemical characterization placed two bacteria 
(BC1, Klebsiella oxytoca and BC2, Pantoea agglomerans) into family Enterobacteriaceae and the 
third one (BC3, Staphylococcus sp.) into family Staphylococcaceae. 16S rDNA gene sequence 
comparison with the available NCBI database sequences further confi rmed the characterizations 
of bacterial symbionts. Molecular phylogeny of Klebsiella oxytoca and Pantoea agglomerans 
closely related to the other free living enterobacterial members with 74 to 93% sequence homol-
ogy (genetic distance 0.000 to 0.085); however, they showed only 74 to 87% similarity with other 
insect symbionts (genetic distance 0.090 to 0.121). Staphylococcus sp. showed 94% sequence 
homology with other members of family Staphylococcaceae with the genetic distance of 0.013. 
Population of these symbionts in adult fruit fl ies increased exponentially up to the 10th day of 
adult emergence and thereafter it became almost constant. 
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1988). Moreover, symbionts have several implications 
in pest management strategies; e.g., bacteria were 
found to be involved in the degradation of the toxic 
substances ingested by the host insect leading to in-
secticide resistance (Bousch and Matsumara, 1967). 
Certain components of bacterial odor play a vital role 
in fruit fl y behavior as either feeding or ovipositional 
stimulants (Drew and Lloyd, 1987; Lauzon et al., 1998, 
2000) and are being exploited in pest management in 
the form of baits or traps (Robacker, 1998; Sacchetti et 
al., 2007).
　Tephritid gut bacteria mostly belong to family Enter-
obacteriaceae and two species, viz. Klebsiella and En-

terobacter, are the predominant ones (Behar et al., 
2005; Drew and Lloyd, 1987; Zinder and Dworkin, 
2000). However, a range of bacteria belonging to 
different genera, viz. Pantoea, Pectobacterium, Cit-

robacter, Erwinia, Bacillus, Lactobacillus, Micrococ-

cus, Pseudomonas, Staphylococcus, Streptococcus, 

Proteus, Providencia, Hafnia, Serratia and Xanthomo-

nas, have been isolated and characterized from the 
fruit fl y gut (Behar et al., 2005, 2008, 2009; Bergey et 
al., 2001; Capuzzo et al., 2005; Drew and Lloyd, 1987; 
Kounatidis et al., 2009; Kuzina et al., 2001; Lauzon et 
al., 1998, 2000; Marchini et al., 2002; Sacchetti et al., 
2008; Sood and Nath, 2002; Zinder and Dworkin, 
2000).
　The identifi cation of these symbiotic bacteria is of 
utmost importance before understanding their true 
role and utility in the management of the pest. Tradi-
tional microbiological methods (morphological, physi-
ological and biochemical) for phenotypic characteriza-
tion have several lacunae which sometimes create a 
blurred image about their taxonomic status as these 
methods are environment dependent. The same bac-
teria might show different phenotypic characters un-
der different environmental conditions, hindering their 
reproducibility in different labs (Prakash et al., 2007). 
Moreover, such methods give little insight into the 
phylogenetic relationship among different symbiotic 
bacteria.
　A polyphasic approach (Colwell, 1970), however, 
provides a natural and authentic classifi cation system 
of microbes (Prakash et al., 2007). It is used to distin-
guish bacterial species based on morphological and 
biochemical data supplemented with information ob-
tained from molecular techniques. Perusal of the litera-
ture indicated very little work on the fruit fl y-bacterial 
symbionts phylogeny. Thus the main objective of the 

study was to characterize bacterial symbionts of Bac-

trocera tau Walker and to establish their phylogenetic 
position.

Materials and Methods

　Raising stock culture of fruit fl y.　Parental stock cul-
ture of the fruit fl y (Bactrocera tau Walker) was raised 
from fi eld collected (Entomological Research Farm, 
CSK HPKV, Palampur situated at 32°6′ N latitude and 
76°3′ E longitude and at an elevation of 1,290.8 m 
above mean sea level in North Western Himalayas) in-
fested fruits of cucumber in fruit fl y rearing cages 
(40 × 40 × 45 cm3) at room temperature (25 ± 2°C). 
The cage was fi lled with 5 cm layer of sterile fi ne sand 
and mixed with saw dust for pupation. The adults were 
provided with their natural host (cucumber) for ovipo-
sition. The feeding was also supplemented with a mix-
ture of dry glucose and protein hydrolyzate (Protinex®, 
Dumex Sciences, India) in the ratio of 1：1 (w/w) in 
Petri plates following the procedure of Sood and Nath 
(1999). The supplement was replaced weekly. Flies 
were also provided water ad libitum through water-
soaked cotton swabs in a 50 ml beaker. Nine inbreed-
ing generations of B. tau were reared in the laboratory 
for ensuring predominant and closely associated bac-
terial symbionts isolation.
　Isolation of bacterial symbionts.　The bacteria were 
isolated from adult fl ies, maggots, eggs and host phyl-
loplane (cucumber) as described by Lloyd et al. (1986). 
Flies were cold anesthetized for 5 min and surface 
sterilized with alcohol (70%) for 30 s. followed by so-
dium hypochloride (0.25%) for 1 min and then washed 
three times with sterilized distilled water (SDW) to re-
move external contaminations. The surface-sterilized 
fl ies were dissected in physiological saline to remove 
different organs (crop and portion of alimentary canal) 
aseptically. Content from each part was streaked sep-
arately on Peptone Yeast Extract Agar (PYEA) for bac-
terial growth at 30 ± 1°C for 48‒72 h. A single colony 
of each isolate was used for the establishment of pure 
culture and then maintained on PYEA slants and/or 
plates at 4‒8°C.
　Characterization of bacterial symbionts.　Morpho-
logical and biochemical characterization:　Morpho-
logical, cultural and biochemical characterization of 
pure culture was done by standard techniques and 
isolates were identifi ed by using Bergey’s Manual of 
Determinative Bacteriology (Holt et al., 2000).
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　Molecular characterization.　Extraction of genomic 
DNA:　Total genomic DNA of each isolate was extract-
ed following the method of Sharma et al. (2005) with 
minor modifi cations. The 48 h old bacterial culture 
multiplied on Peptone Yeast Extract Broth (PYEB) was 
transferred to 1.5 ml microtubes and spun at 10,000 rpm 
for 12 min. After discarding the supernatant, the micro-
tubes containing bacterial pellets (approx. 50 mg) 
were immersed in a liquid nitrogen container for 1 min 
and the pellet was ground to fi ne powder immediately 
using a micro pestle. To this, 700 μl of cetyltrimeth-
ylammonium bromide (CTAB) extraction buffer was 
added and incubated at 65°C for 1 h in a water bath 
(York Scientifi c Industries, Delhi).
　An equal volume (700 μl) of chloroform：isoamyl al-
cohol (24：1 v/v) was added and contents were mixed 
thoroughly. Tubes were spun at 10,000 rpm for 12 min 
in a high speed refrigerated centrifuge (REMI India) at 
4°C. The aqueous phase was transferred to new tubes 
and 450 μl pre-chilled isopropanol was added and 
kept at -20°C for 20‒30 min to precipitate the DNA. 
Tubes were then spun at 10,000 rpm for 12 min and 
supernatant was decanted. The DNA pellet was 
washed with 70% ethanol (three times), dried and dis-
solved in 100 μl of Tris EDTA buffer (10 mM Tris HCl 
and 1 mM EDTA, pH 8.0). RNAse @ 10 μl/ml (MBI Fer-
mentas) was added and emulsion was incubated for 
half an hour at 37°C. The amount of DNA was quanti-
fi ed by recording the absorbance at 260 nm wave-
length using a UV/VIS spectrophotometer (Bio Rad, 
SmartSpec 3000). DNA was stored at -20°C for further 
use.
　PCR amplifi cation and sequencing.　Polymerase 
chain reaction (PCR) was performed with eubacterial 
primers 27F 5′-AGAGTTTGATCATGGCTCAG-3′ and 
1487R 5′-TACCTTGTTACGACTTCACC-3′ targeting 
the 16S rRNA gene (rrs gene) (Heddi et al., 1998). The 
PCR amplifi cation was carried out in 0.2 ml PCR tubes 
with 25 μl reaction volume containing 10 ng of DNA 
template, 20 pmol of each primer in 25 mM MgCl2, 
10 mM of each deoxyribonucleoside triphosphate (Fer-
mentas), 5 units of Taq polymerase (Life Technologies 
India, Pvt. Ltd.) and 10× reaction buffer. Amplifi ca-
tions were performed using a thermal cycler (Gene-
Amp PCR system 9700, Applied Biosystems, USA) 
with an initial denaturation step of 5 min at 94°C fol-
lowed by 35 cycles at 94°C for 45 s, 53°C for 45 s, 72°C 
for 30 s and a fi nal elongation step at 72°C for 5 min. 
The product was separated in a 1% (w/v) agarose gel 

in TAE buffer (40 mM Tris-acetate, 1 mM EDTA). PCR 
products of the rrs gene of three bacterial symbionts 
(BC1, BC2 and BC3) obtained through amplifi cation 
with specifi c primers were freeze dried (CHRIST AL-

PHA I-2LD) and were custom sequenced (ABI PRISM 
310TM Genetic Analyzer, Applied Biosystems) using 
the same upstream and downstream primers (Life 
Technologies India, Pvt. Ltd.).
　Nucleotide sequence analysis.　The sequences of 
different bacterial isolates were blasted using the on-
line NCBI Blastn program http://www.ncbi.nih.gov/
blast. Therefore twenty-six sequences of 16S rRNA of 
different bacteria (free living and insect symbionts in-
cluding fruit fl y symbionts) of high sequence similarity 
were selected for sequence comparison from the Gen-
Bank Nucleotide Database, NCBI. The selected se-
quences along with three submitted sequences were 
aligned by the ClustalW program using website http://
www.ebi.ac.uk/clustalw/ and pair-wise per cent nucle-
otide sequence homology in BC1, BC2 and BC3 iso-
lates of bacterial symbionts and other selected bacte-
rial sequence was determined.
　The evolutionary history was inferred using the 
Neighbor-Joining method (Saitou and Nei, 1987) with 
Burkholderia pseudomallei kept as an outgroup. The 
percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1,000 
replicates) with the Maximum Composite Likelihood 
method to compute evolutionary distances (Tamura et 
al., 2004) and in the units of the number of base sub-
stitutions per site. All positions containing gaps and 
missing data were eliminated from the dataset (Com-
plete deletion option). There were a total of 298 posi-
tions in the fi nal dataset. Phylogenetic analysis was 
conducted in MEGA 4.1 Software program (Tamura et 
al., 2007).
　Population kinetics of bacterial symbionts within the 

fruit fl y.　The bacterial fl ora of adult fruit fl ies as affect-
ed by their age was studied by bacterial count of whole 
fruit fl ies in different age groups by the serial dilution 
method. Three randomly trapped adult fl ies were anes-
thetized using cold treatment at 4°C for 10 min. The 
fl ies were surface sterilized in sequential washings of 
70% (v/v) alcohol for 30 s, 0.25% (v/v) sodium hy-
pochloride for 1 min and sterile distilled water (SDW) 
for 30 s. The sterilized fl ies were crushed individually in 
a test tube with a sterile glass rod in 1 ml SDW. The fi -
nal volume was made to 10 ml by adding SDW (stock 
solution). The bacterial population in the whole fruit fl y 
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was enumerated on PYEA plates using the serial dilu-
tion method. A known quantity (0.1 ml) of bacterial 
suspension from different dilutions was spread on the 
PYEA plates with the help of glass spreader. The plates 
were incubated at 30°C for 48 h. The process was re-
peated three times each for 1-, 2-, 3-, 4-, 5-, 10-, 15-, 
20- and 25-day-old fl ies (after emergence). Data ob-
tained were expressed in colony forming units per day 
after emergence (cfu/dae) of adult fruit fl ies.

Results

Characterization of bacterial symbionts

　Morphological and biochemical characterization:
Ba sed on the morphological, cultural and biochemical 
characteristics (Table 1), the three bacterial isolates 
(BC1, BC2 and BC3) from B. tau were identifi ed as 
Klebsiella oxytoca, Pantoea agglomerans and Staphy-

lococcus sp., respectively by comparing the results 
with Bergey’s Manual of Determinative Bacteriology 

(Holt et al., 2000).
　Molecular characterization:　16S rRNA sequencing 
of three bacterial isolates, viz. K. oxytoca, P. agglomer-

Table 1.　Morphological and biochemical characteristics of predominant bacterial symbionts of fruit fl y (Bactrocera tau).

Characteristics BC1 BC2 BC3

Morphological 
Shape Rod Shape Rod Shape Spherical
Motility - + -
Gram’s reaction - - +
Pigment production - Y -
Growth in broth medium Sediment Sediment Pellicle formation

Biochemical
Citrate test + + -
Methyl red test - - -
V.P. test + + -
Indole test + - -
TSI test - - +
Urease test + - +
Catalase test + + +
Oxidase test - - -
Growth in 10% NaCl + + +

Carbohydrate fermentation
D-Glucose + + +
D-Glucose (Gas production) + - -
Sucrose + + +
Lactose + - +
Maltose + + -
L- Arabinose + - -
Raffi nose + - -
D- Mannose + + +
Trehalose + + +
Celliobiose + - -
Melibiose + - -
D- Mannitol + + ±
D- Sorbitol + - -
Inositol + ± -
D- Xylose + + +

Characterized as
Klebsiella

oxytoca

Pantoea 

agglomerans
Staphylococcus sp.

　+, positive reaction; -, negative reaction; ±, doubtful result; Y, yellow.
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ans and Staphylococcus sp., using eubacterial specifi c 
primers showed sequences of 1,057, 912 and 859 bp, 
respectively. These sequences were submitted to the 
NCBI GenBank nucleotide database with accession 
number EF 560611 (K. oxytoca), EF 569226 (P. agglo-

merans) and EF 600797 (Staphylococcus sp.). This 
constitutes the fi rst record of 16S rRNA sequence of 
bacterial symbionts associated with B. tau. Nucleotide 
sequence analysis of test symbionts using the clust-
alW programme revealed that K. oxytoca and P. agglo-

merans showed maximum homology with members of 
the family Enterobacteriaceae, whereas Staphylococ-

cus sp. resembled Staphylococcaceae. Homology 
analysis with the NCBI GenBank Blastn program re-
vealed that Klebsiella oxytoca showed maximum ho-
mology with uncultured bacteria (EU464477, E-value 
0.0, Total score 1,310, Maximum score 1,310 and Max-
imum identity 94%), Pantoea agglomerans with Pan-

toea sp. (EF522820, E-value 0.0, Total score 1,380, 
Maximum score 1,380 and Maximum identity 94%) 
and Staphylococcus sp. with Staphylococcus sp. 
(EF061904, E-value 0.0, Total score 1,312, Maximum 
score 1,312 and Maximum identity 96%). The multiple 
sequence alignment analysis of 16S rRNA genes (rrs 
gene) of the three bacterial isolates with twenty-six 16S 
rRNA sequences available in the GenBank Database 
(NCBI) revealed per cent pair-wise similarity ranging 
from 58 to 93% and genetic distance from 0.000 to 
0.401. K. oxytoca showed maximum homology (93%) 
with K. oxytoca (EJ 424514) followed by P. agglomer-

ans (EF 569226) and Erwinia sp. (EF 522135). How-
ever, P. agglomerans showed maximum homology of 
92% with K. oxytoca (FJ 424514 and EF 560611) fol-
lowed by Erwinia billingiae (AM 117486), Erwinia sp. 
(EF 522135) and Pantoea spp. (AF 373198, EF 522820 
and EF522135), all belonging to the family Enterobac-
teriaceae. Staphylococcus sp. showed maximum ho-
mology (94%) with Staphylococcus sp. (EF 061904 
and AF 467429) and Staphylococcus succinus (AY 
748916, AF 004219 and AJ 320272), thus further con-
fi rming their identity.
　The genetic distance estimates and phylogenetic 
tree also confi rmed a similar relationship pattern of 
the three symbionts. The phylogenetic tree (Fig. 1) 
analyzed with Burkholderia pseudomallei, an α-proteo-
bacteria as an outgroup placed K. oxytoca and P. ag-

glomerans within the γ-proteobacteria group. The ge-
netic distance of K. oxytoca was much less with the 
free living enterobacterial species (0.013 to 0.062) as 

compared to endosymbionts of Sitophilus zeamais 
(Motschulsky), Sitophilus oryzae (Linnaeus) and Bemi-

sia tabaci (Gennadius) i.e. 0.090, 0.069 and 0.121, re-
spectively. P. agglomerans showed minimum genetic 
distance with other Pantoea spp. and Erwinia spp. 
(0.000 to 0.026) and showed a similar genetic relation-
ship with free living and endosymbionts as in K. oxy-

toca. Pair-wise genetic distance estimates revealed 
that K. oxytoca and P. agglomerans were genetically 
different with K. oxytoca (DQ533884) and Pantoea sp. 
(EF645649) present in the gut of the Mediterranean 
fruit fl y, Ceratitis capitata Wiedemann with genetic dis-
tance 0.033 and 0.027, respectively. Irrespective of 
their free living or symbiotic nature, all the bacteria of 
Enterobacteriaceae clustered together. Staphylococ-

cus sp. had a genetic distance of 0.013 and clustered 
with other members of the family Staphylococcaceae.

Population kinetics of bacterial symbionts of the fruit fl y

　Symbiotic bacteria were present in the newly 
emerged adult fl ies and the total bacterial count in 
one-day-old fl ies was 0.85 × 106 cfu. The bacterial pop-
ulation in adult fl ies signifi cantly increased thereafter 
with the increase in age up to the 10th day (406.77 × 
106 cfu). However, after the 10th day, the bacterial pop-
ulation did not vary signifi cantly and fl uctuated around 
406.77 × 106 cfu. A characteristic sigmoid growth curve 
was obtained for population kinetics of bacterial 
symbionts with respect to the age of adult fl ies (Fig. 2).
　The populations of K. oxytoca, P. agglomerans and 
Staphylococcus sp. increased signifi cantly up to the 
10th day and thereafter fl uctuated between 161.89 × 
106 to 179.11 × 106, 138.78 × 106 to 149.00 × 106 
and 83.99 × 106 to 88.66 × 106 cfu up to the 25th day, 
respectively. When the populations of different bacte-
ria were plotted with respect to the age of fruit fl ies, all 
these showed the characteristic sigmoid curves 
(Fig. 2).

Discussion

　Bacterial symbionts were similar to Klebsiella oxyto-

ca, Pantoea agglomerans and Staphylococcus sp. on 
the basis of morphological and biochemical character-
istics. Out of the three bacterial symbionts, two were 
gram-negative and the third one was gram-positive. 
The gram-negative bacterial symbionts were members 
of family Enterobacteriaceae and the gram positive 
was of family Staphylococcaceae.
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　Bacterial association with tephritidae in general and 
Bactrocera in particular is well known and has been 
confi rmed by many workers. Gupta et al. (1982a) iso-
lated bacteria from different organs of B. cucurbitae, 
but could record only one type of bacteria from the 
fruit fl ies. Sood and Nath (2002) isolated 11 types of 
bacteria from B. tau and B. cucurbitae and established 
the association of fruit fl y type bacteria with Bactrocera 

tau which is in conformity with the present fi ndings. 
The presence of bacteria in the alimentary track of B. 

tryoni Froggatt in Australia has been well documented 
(Drew and Lloyd, 1987). Unlike Gupta et al. (1982b), 
who reported only one species (Pseudomonas 

pseudomalaii) in B. cucurbitae, Drew and Lloyd (1987) 
reported six types of bacteria in B. tryoni. The variation 
in number and types of bacteria associated with Bac-

Fig. 1.　Neighbor-joining tree of bacterial symbionts of Bactrocera tau based on 16S rRNA sequences.
　GenBank accession numbers are followed by names of bacteria or host insect species. Burkholderia 

pseudomallei was taken as an outgroup. The arrows indicate the position of symbionts of B. tau.
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trocera by different workers from different species of 
fruit fl y and from different areas might be due to varia-
tion in species and geographical locations. In spite of 
this variation, all bacterial spp. associated with Bactro-

cera tau belonged to families Enterobacteriaceae and 
Staphylococcaceae.
　K. oxytoca has been found to be associated with B. 

tau for the fi rst time, though it has been reported to be 
common in other species of fruit fl ies (Behar et al., 
2005, 2008; Bergey et al., 2001; Capuzzo et al., 2005; 
Lloyd et al., 1986; Sacchetti et al., 2008). The most 
common bacteria associated with Bactrocera fl ies are 
Citrobacter freundii, Enterobacter agglomerans, E. clo-

acae, K. oxytoca and Kluyvera spp. (Behar et al., 2009; 
Drew and Lloyd, 1991; Jang and Nishijima, 1990; Lau-
zon, 2003; Lloyd et al., 1986). K. oxytoca, a diaz-
otrophic bacterium was reported to be widely distrib-
uted within the host population and found at high 
levels in fruit fl ies in different developmental stages 
(Behar et al., 2005, 2009; Bergey et al., 2001; Zinder 
and Dworkin, 2000). It helps in fulfi lling the nitrogen 
requirements of the host insects. Pantoea agglomer-

ans is also a free-living diazotrophic bacterium of fam-
ily Enterobacteriaceae and was consistently associat-
ed with different organs and stages of B. tau and B. 

cucurbitae and reported as common gut bacteria of 
fruit fl ies across species and locations in Himachal 

Pradesh, India (Sood and Nath, 2002). Thus the pres-
ent fi ndings get substantial support from the observa-
tions of other workers, who consistently observed the 
association of K. oxytoca and P. agglomerans with dif-
ferent organs and developmental stages of B. tau.
　Kuzina et al. (2001) have reported occurrence of 
members of genus Staphylococcus in the gut of the 
Mexican fruit fl y, Anastrepha ludens Loew, but no re-
port pertaining to its association with genus Bactro-

cera was found. The bacterium, however, could not be 
identifi ed up to the species level, hence vertebrate 
pathogenicity of this bacterium cannot be denied as 
some species of Staphylococcus have been reported 
as human pathogens (Matthews et al., 1997; Ogston, 

1984; Ryan and Ray, 2004), which need further inves-
tigation.
　The total bacterial population within the adult fruit fl y 
increased signifi cantly up to the 10th day (406.77 × 
106 cfu) an did not differ signifi cantly thereafter. The 
bacterial population reached its maximum on the 10th 
day, coinciding with the reproductive maturity of fruit 
fl ies (gonad development), indicating a possible role 
in meeting the protein requirements of the females. 
Earlier Erwinia dacicola, a predominant species in the 
esophageal bulb of B. oleae (emerging in sterile con-
ditions), had a vital role in adult survival (Capuzzo et 
al., 2005). It was involved in nitrogen fi xation and/or in 
pectin degradation like in case of gut bacteria (Enter-
obacteriaceae) of Ceratitis capitata (Behar et al., 2005, 
2008). In the case of young larvae also, pectinolytic 
activity could be an important metabolic function when 
the fruits have low protein. Bacterial cells may also be 
consumed as food, providing amino acids, nitrogen 
compounds and other nutrients which are scarce in 
fruit (Sacchetti et al., 2008). The true role of gut bacte-
ria in the life cycle of different fruit fl y species, however, 
needs further study. A lack of suffi cient available nucle-
otide sequences and population kinetics of the fruit fl y 
bacterial symbionts also necessitate increasing such 
information on fruit fl y-bacteria symbiotic relationships, 
which in turn may increase our understanding of these 
bacteria for eco-friendly management of fruit fl ies in 
the near future.
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