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Abstract

Bacteriophages of the Wolbachia bactaria were proposed as o transformation tool in
an sttempt to genstically medify mosquito vectors. In this paper, we report the
presence of the bacteriophage WD smong natural populations of several mosquito
hosts. Our survey revealed that 22 out of 25 Wolbachis-infectod species of
mosquitoes contained phage WO. Phylogenatic relationship bassd on orf7
sequences showed that s single strain of phage WO was found In most singly ar
doubly Wolbachia-infected mosquito species. Only one species, Le., Aedes
perplexus, was found to harbor at Isast two different phage types. In addition, our
results suggested that phage WO in mosquitoes preferred to co-tranamit with thelr
Wolbachia hosts and were llkely to be specific in each mosquito specles, This
finding was different fram those previously reported In Drosophifa, moths and
parasitoid wasps, Real-time quantitative PCR assay for the density of phage WO
rovealsd that the average density was 7.76 x 10'¢ 1.81 x 10° orf7 coples per an
individual mosquito. The phage WO of the Asian tiger mosquito, Aedes albopictus
from recent colonies (KLPP) was confirmed by TEM, The phage WO density of
doubla infected Ae. albopictus was determined to ba thres times higher than that of
single infected one. However, the denslty of phage WO did not correlate with that of
thelr Woibachia hosts which wers varied In differant mosguito species. The viral-like

particles were detected after purification and filtration of Ae. albopictfus ovaries

suggesting the presence of active phages in this mosquito vector. Our findings that




a8

the phage WO from mosquitc were host-specific and were active encourage further

investigation to utilize these bacteriophages as transformation veclors.

Keywords: Wolbachia, bacterophage, andosymblont, moaquite




Introduction

Mosquitoes are the important disease veciors causing morbidity and mortality
especially in tropicai and subtroplcal regions. The malnlenance and transmission of
pathogens, le., humerous viral infections and protazoa Infections causing lymphatic
filariasis, dengue fever, yellow fever, Japanese ancephalitis, and malaria, ars absohitely
depandent on compeatent mosquito vectors (Beerntsen ef al, 2000), Al present, the
appiication of pesticides s a prnmary sirategy for conirolling mosquite-bome dissases
has lad o envionmental problems and concems. As a conseguence. recent tools In
molecular bivlogy and genomics are baing applied to develop genstically engineered
mosquitoes Ihat could resist pathogen development s an alemative vector contml

strateqy.

The maternally inherited endosymbiotic bacteria in the Ganus Wolbachia which
infect numerous arthropod speciss heve been proposad as a potential candidate to
deliver pathogen-blocking genes into natural populations of medically mportant Insects.
These endosymbionts induce varlous reproductive disorders on thelr hosts, such as
cytoplasmic incompatibility In mosquitces (Yen & Bar, 1971), parthenogenssis In
parashtold wasps (Stouthamer ef al., 1883) male-killing In Medierranean flour moths (Fujil
st al, 2001), and feminization in isopod crustaceans (Bouchon sf a/, 1988). However,
molecular mechanisms and Woilbachia genes those are responsible for these phenomena
are still unknown. There are many hypothases regarding this Issue. One of them
indicates that genes responsible for the reproductive effects an hosts do not locate on the

hﬂﬂﬂnhmmﬂmuMMhﬂmmmﬂMMW

bacteriophages, and thus affects of Wolbachis depand on their infection status.




50

Recently, a novel report has identiflad the bacterlophage-Nke genefic element of
Wolbachia, namely bactariophage WO, in Drosophila and hymenoptaran parasitoid, In
addition, they showed that this phage can ba eithar lysogenic snd intagrated Info the
Wolbachia chromosoma or lytic and free in the cytoplasm (Masul af al., 2000). Thera are
many evidencas thal vindlenl delerminants of pathenogenic bacterta ars encoded In these
bactenophages. They code for a variety of toxin genes expressed by pathogenic bactara.
Therefore, an evolutionary advantage for phages might be due to enhance replication of

bactena camying these virulence determinants (Cheetham & Katz, 1995).

In this paper, we examined the Infection stalus of bacteriophage WO in several
fisld-collected mosquito species. We aiso determined phylogenetic relationships and
specificity of bacteriophage WO and Wolbachia In these mosquites. Lestly, we

investigated the relative density of Wolbachia and their essocialed bacteriophages in

each mosguilo host.




|
Results

Phage WO infection among Wolbachia strains from mosquito hosts

The classical PCR analysis based on nuclectide sequences of putative minor
capsid protein (orf7) was performed to initially examine the infection status of phage WO
from mosquito species collected In differant regions of Thailand, As shown In Table 1,
phage WO was detected in 22 out of 25 mosquito species of mosquitoes that were
onginally tound infected with Wolbachia bactaria. Most medically important genera of
mosquitoes, Le., Aedss, Ammigeres, Culex and Mansonia. contained phage WO.
Anopheles was only an excaption which did not have any record of Wolbachia infection.
Thres species of Wolbachia-infected mosquitoes that were negative with o7 wers Ae.
(Stegomyia) sp., Ar. flavus and Hodgesia sp, Thesa results imply that three mosguito
species have no phaga WO or the copy number of phage WO was axtremely low and
could not delect by & normal PCR technique, or the imitation of phage specific primers
might sccur becausa of the varablity of phage WO sequenca.

Phage-iike particles (phage WO) were successfully iolated from a colony of
Wolbachia-infected Ae. albopictus (KLPP) mosquitoes using 0.22 Jm fiters, This
evidenca indicated thal the bacteriophage of Walbachia bacteria infecting Ae. albopictus
(KLPF) was activa, and the appearance of packaged phage particles were confirmed by
ransmission eleciron microscopy (TEM) as shown in Figura 1. In contrast, no particle-iike

m"amdamadlnmupmﬂmmmuummmdm

Wolbachia-uninfected Ae. albopictus (UIU) colony.




Phylogenetic analysis of bacteriophage WO

The lotal numbers of 32 orf7 sequences wers oblained from 14 speckss of
mosquitoes, Phylogenatic analysis using partial phage WO gene (orf7) was parformed
from 48 sequences; 32 ssguences from 14 mosquite species (Table 1) and 16
sequances from GenBank [Masul f &/, 2000). In somea mosqulic species, La., Aa. nheus
supergroup A. Ae. novoniveus, Ar svbalbalus, Cx sitiens, Cx. wvishnul, Cx
(Lophoceraamyia) sp. and Ur. painciee, classical PCR detection of phage WO using o7
provided faint bands indicating the presance of phages. However, direct sequencing
reactions from PCR products of these samples were not successful so they were not
included In our phyloganetic study,

Phage WO which was found in mosquitces had a pattem of the consensus
parsimonious lree as shown In Figure 2. Results from phylogenetic analysia of phage WO
using orff mostly comslated with those of thelr Wolbachia hosts using wsp gene
saquances (Ruang-areerate ef al., 2002). Phage WO of Cq. cressipes, Mn. indiana, Mn.
uniformis. Ae. pseudoalbopictus and Ae. albopicius was clustered in the same group and
cormelatad with supergroup B of Wolbachia infecting the same mosguito hosts. Phage WO
of Cx. brevipalpis did not correlate with that of Wolbachia but this phage strain was
closaly related to the phage WO found in Ae. pseudoaibopicius, Ae. albopictus and phage
WO wkue of Ephestia kuehnieffa (GenBank accession number: ABO3BED). In addition,
phage WO from Cx. gelidus and wTall of Teleogryllus faiwanemma (GenBank accession
number: ABOJGEEZ) were in the same group but were not closely related to Cg.

crassipes, M. indiana, and Mn. uniformis as shown In the Wolbachie phylogenatic tree.,

The orf7 ssquences of wCauAl and wCauB! (GenBank accession numbers: ABOJGRA4
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and ABO36648) were idanlical while those of Tp. aranowles and wCep2 (GenBank
sccession number. ABO36656) and those of Cx. fuscocephals, Ae. gardneri and wCauB2
(GenBank accession number, ABO3BESS) were closely relaled. The wCof (GenBank
accession number: ABO36658) rom Drosophile simulans and wRi (GenBank sccession
number: ABO3B6E1) from Drosaphila simuians (Riversids) ware in the same group. Phage
WO of Cx. quinguefasciafus, wCep! (GenBank accession number AB038857) from
Corcyra cepharonica, wCauAd4 (GenBank accession number ABO3SE52), wCauAS
{GenBank accession number: ABO36653) from Ephestla kuehniella were related while
those of A7, kessell and Cx. (sumslannomyia) were Isolated and could not be classified in
the same group. All results revealed that phage WO co-transmitted with their Wolbachia
mnd they were quite specific In each mosquito species. However, tha phylogenatic tree of
the phage WO could not be clearly placed into sither supergroups A or B as the
phylogenetic tree of Waoibachia. The C and D clades were nol included In the analysis
because Wolbachia straing in C and D supergroups have bean documented only in filarial
nematode hosts (Taylor ef al. 2000) and none of Wolbachia strains In mosquiloes
assamble out of A and B clades (Zhou et al.. 1888; Van Meer ef al, 10986).

Multiple orf7 sequences from the same individual mosquitbes were obtained In
ordar 10 check whether different straing of phage WO were present in one mosguito
species or not. Therefore, in the following species: Ae. albopictus, Ae. garderni, Ae.
perplexus, Ar. kessel, Cx, gelidus, Cx. (Eumelanompla) sp., Cx, quinquefasiatus, Mn,
Indiana, more than one clones of PCR products of orf7 were cloned and sequenced. Our

results indicated = single sirain of phage WO was found In each mosquiio spacies

including Ae. albopitius which was generally infectsd with two stmins of Walbachia. In
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contrast, the different situation wae observed In Ae. perplaxus which was infacted with
only one strain ol Wolbachia. This species had at least two elrains of phage WO, each of
which ware classified in different clades,
Dansiy of bacteriophage WO and Welbachia hosi in different mosquito specias
mmmmwa:mwmmmwﬂmmwm
Wolbecfua bacteria in natural mosquitc apecies collectad from geographically different
locations using the real time guantitative-PCR (RTQ-PCR) tmchniqua, We constructed
ﬂmﬂﬂn'ldmﬂwhhhhadwﬂmalbummﬂﬂunmﬂmuﬁd
standard which had wsp gene of Wolbachia bacteria for using as RTO-PCR standard.
Thummmgmﬁmnhuquanﬂﬂudlnmnmnumphlnfﬂm“mqmmmw
Including & serial dilufion of such & standard In each PCR mm with known amounts of
Input copy number, The results of bacterophage WO and Wolbachis dansity in each
mosquito species were shown in Tabla 2,

This Is the first report for checking the preciss density of bactarophage WO In
natural mosquiloes. The resull demonstrated thal As, albopicius  (KLPP) from
Kanchanaburi (West) showed highest density 15.08 x 10° + 3.10 x 10° anf7 copiss /
masquito whereas the lowest density of bacteriophage WO showed In Mn_ indiana from
Ubon Ratchathani (North East) 0.44 x 10° 012 x 10° o7 copies / mosquito. The
average density was 7.76 x 10t 1.81 x 10° orf7 coples / mosquito.

Interestingly, individual samples of the same mosquito species collected from
different geographic areas of Thalland wera diffarant In density of phage WO, The phage

dansity ol Cx. gelidus collected In Chlangmai Province [North) was different from that

obtsined from Prachuapkhidkhan Province (South). In addition, the phage density of Cx,
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quinguefasciatus collected from Prachuapkhirikhan Provinca (South) was differant from

thal In Sakhonnakhon Province (Northesst) and Kanchansburi Provincs  (Wast).
However, the phage WO densily of Mn. fdfens from Ubonratchathani Provinos
(Northeast) and Pathumthani Province (Cantral) ware not distinetly diffsranl. The result of
tolal Wolbachia bactenal density in each natural mosqulle populstions include both
Wibachia supergroup A and supergroup B demonstrated the range from 8.79 x 10° 4
431 % 10" 19 9.44 x 10" £ 618 x 10" wsp copies / mosquito. The mean of Wolbachia
density in mosquito was 7,04 x 10" & 5.57 x 10" wsp coples / mosquilo, It is apparent
that the density of supergroup A strain were lower than density of supergroup B. The
mean of supsrgroup A Wolbachia density in mosquito was 6.77 x 'fﬂnt 1.80 » 105 wap
copies / mosquito (the range of supergroup A Wolbachia density In mosquito was 9.79 x
10+ 431 x 10' 16 1.12 x 10" + 4.15 x 10° wsp vopies / mesquito), bul tha maan of
supergroup B Wolbachia dansity In mosguite was 1.02 x 10" 8.02 x 1u" wsp coples |
mosquito (the range of supergroup B Woilbachia density in mosquito was 1.20 x 10’“ *
9.68 % 10" t08.14 x 10" £ 6.18 x 10" wap copies / mosquito)

In tha case of doubls and singla infections of Walbachia in Ae. atbopicius. phage
density of double-infected colony (KLPP) originally from Kanchanabur Province (15.08 x
10" 4 3.10 x 10° orf7 copies / masquitc) showsd three times higher than that of single:
infected colony (KOH) collected from Samui isiand (4.99 x 10° 4 2.63 x 10° orf7 coples /
mosquita). The envirmonmental factors where collected the mosguitces and slso the status

of Woibachia infection may have an effsct on the level of phage density. In addition, tha

chronological age and physiological status of the mosquito hosts should nol be excluded.




Discussion

Our study Is the first report of the bacteriophage-like genetic elemem In
Woibachia from natural mosgquito hosts. The presence of bacteriophage WO infaction
among Wolbachia symbionts in diferenl mosguito species was studled based on PCR
detection of the putative minor capsid protein (DRFT). The results from all natural
populations of 46 mosquitn spacies demonsirate that 26 mosquitc species have
Waibachia bactera bul phage WO wers detected only 22 mosquito species because in
Aedes (Stegomyia), Ar, flavus, Hodgesia spp. may have Wolbachis but we could not
detected phage WO. There are threa possible events due fo these results. First thess
threa spacies have no phage WO bul they have Wolbachia, Second, there ware small
amount of phage WO, thus absance of PCR bands were cocurred.  Third, the Iimitation of
phage specific primers might ocour because of the variabiiity of phage WO seguanca.

Maoreover, the results of the electron microscope for detecting the phage particle
m Wolbachia double infection Ae. albopicius (KLPP) also confirmed the present of phage
WO, In addition, the filterng system and picture from TEM also confirmed that al least
ihiz phage was active.

Two sarller reports aboul phage WO infection in moth, Drosophila, and parasitoid
wasp gave substantial evidence for horizontal transmission of this phage. (Masui et al.,
2000; Masul et al, 2001; Gavolte =f al., 2004) In contrast, our results showed thal
horizontal fransmission occurmed at & very low maie and phags WO preferred to co-
transinil with Wolbachis as Indicated In the phylogenetic tree of phage WO and

Wolbachia groups of mosquitoes. Thay mostly comelaled with the phylogenetic tree of

thelr Wolbachia within the sama mosquito, These could ba explained thal mosquitoas
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were likely unbgue in each species. Differsnt species have distinct bahaviars. The
opportunity of one species meeis with each other is vary rars. Becaisa sach species has
diffarent fimes for forage and each species has a specific habitat Thasa suppaded the
spacificity of phage Infection which hes resisted caplure of their new mosquito hosts and
which pravents phage exchangs between Wolbachia that co-cocur within the same host
caifs. This Is the advantage of phage WO which can be a good choles for using a8 &
veclor In the Walbachia transformation o drive desirable genotypes info  mosquito
popuiations, for exampla, genes thal preven! mosguito veciors from transmitting
pathogens to humans. livestock. and plants (Sinkins ot af, 1897, Masti of al., 2000).

In the phylogensetic analysis, the inconsistencies occurred betwaan PCR typing of
strains and full sequence analysis. These included PCR typing thal indicated hosts
contained multiple infections of Wolbachia. These might be many strains of phage WO in
the same mosquito species, and thess affected a direct sequence from the PCR bul this
problem was solved by cloning before sequencing of phaga WO gene fregments.
However, cloning resulted In only single infection. These suggested us to select the PCR
clona more to compare the sequences in the same mosquito straing and in order o
chack whether different sirasins of phage WO were obisined In one mosquito speciss.
Surprisingly. the results indicated that most mosquito specles weare found single strain of
phage WO even Ae. albopictus which was found In Kanchenaburl provincs. || has two
supergroup A and B of Walbachia strains bul, we could detect only one strain of phages
In this mosquitc spacies. These could be suggsst that first, there was only one sirain of

phage WO infactad in most mosquitoes or second, the straln of phage WO that we found
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was a major population and other strains were vary low density until we could not detect
them.

In contrast, the resull of phage WO based on orf7 sequence in As. perplexus
which had only one Wolbachia sirain demonstrated multiple infection of phage WO at
lsast two siraine were discoversd and they were classified in different clades. This
evidence showed the capacity of one Wolbachia bacteria can carry mors than one siraln
of phags WO,

In addition, some of the mosquito samples gave no PCR products for cloning dus
lnﬂ'raahaﬂmﬂfphﬁpuw{:hwmnhuﬂuhsauiMAlamphmmmﬂnnwcﬂn
Ihe extracted samples (Tabia 1). In somia cases thay showed only a faint band of PCR
product and wa could not continue the process. As a resull, we were not able fo clone
the following mosquito species: Aes. niveus supergroup A, As. novomiveus, Ar, subalbatus,
Cx. siiens, Cx. vishnwi, Cx. lophoceraomyis and Ur, pairicias. The mismatch of primers
may be ona ol related causes.

Comparison among the density of the phage WO In many mosquiices from
diffareni places using queniiiative PCR based on o7 sequence revealed variation in
density of phage WO. Our results demonstrated a guantitative range of rea-tima PCR
fram 0.44 x 10" 2 0.12 x 10 orf7 copies / mosqulto to 15.08 x 10" + 3.10 x 10" orf? coples
{ mosquitn. It was tha sctusl limits lo compare our results to other insects since this is the
firsl report demonsirated quantitative detection of phage WO using reaktime PCR.
Howaver, the results from realtime PCR of natural mosquito species implied that the

environmental habitats of the mosquitoes were Important to judge the phage WO density

pecause although tha same mosquito species but they had different living habitats




59

resulting in the different phage WO density, In addition, the principal point was all
mosquitoes thal we used In phaga WO density expariment wera natursl populationa.
Their ages, living climate, ssasons of calching them, the smount or quantity of fond for
masquito hosts were diffarent. ARl of these faciors may be involved in the becteriophage
WO density. Moreover, we also found that the case of Wolbachia double and single
Infections in Ae. albopictus, phage dansity of double Infected As. afbopicius (KLPP)
showed three limes higher than in single Infected colony (KOH). These resuits implisd
that the level of phage WO dansity also involved In the status of Woibachia infection,

Thus, Wolbachia bacleria density in each natural moequite populations was
performed. The results of the total Wolbachia density included both Wolbechia
supergroup A and supergroup B demonstrated the range from 8.79 x 10° + 4.31 x 10" to
8.14 x 10" £ 6,18 x 10" wsp copies / mosquito. Tha mean of Walbachie density In
mosquita was 7.04 x 10" + 5.57 x 10" W5p coples / mosquito. Howaver, the results from
the bactariophage WO dansity did not correlata Wolbachia bactera dansity.

The resull of specific density of each Wolbachia strain showed thal the
supergroup A density was vary different from supergroup B. The mean of supergroup A
Whibachia density in mosquito was 6.77 x 10°% 1.80 x 10° wsp copies / mosquito, but the
mean of supergroup B Wolbachia density In mosquito was 1,02 x 10 8.02 x 10" wsp
copies | mosquito, These results comespond to the previous resull of in Ae. albopictus
(Dutton & Sinkins, 2004) hat tha wAlbB strain was consistently found to be at higher

gensity than wAlbA, which can explain a slightly lowar rale of maternal trensmissisn

reported for wAlbA,
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Nevertheless, further |nvestigations need to be camied oul such as the density of
phege WO and Wolbachia in differen! development and the comparisan of density

dynamic betwsen Woibachia and phage WO which could be involve In cytoplasmic

incompatibility effect of mesquitoes hosts.

Experimental procedures
Mosquito specimens

Wolbachia-infected mosquito specimens which ysed for phylogenstic analysis of
phage-like particles were estabfished as a previously report (Kiitayapong ef al, 2000).
Thesa mosquitoes were collected using light traps, animal-baltad nets. and mosquita-
landing catchas and subsequently stored at -70°C. The morphological keys of Busi and
Rattanarithikul and Panthusin (Raftananthilul et al.. 1884) were used to Identify species
The mosquilo spacies usad in this study wers listed in Table 1.
Efectron microscopy

Ten microflitres of fresh phage solution passad through s 0.22 Hm filtar wers
adsorbed on & copper-coated grid for 5 min, dried and stained with 2 % phosphotungstic
acld for 1 min washed with water 3A grade 3 times. Grids were dred ovemnight and
obssrvad on a Hitachi H-300 operating at 75 kv,
DNA extraction and polymerase chain reaction (PCR) amplification

DNA was extrected using the STE boiling method from whole adult mosguitoes
PCR maction was done to test for the presence of phage-like sequenca in Woilbachia,

using the following primer set; WOOrTF [5-GAA ATG CTT GTT CAG CTA ATA GG-3)




&1

muwmﬂn[s‘maurmm,mmeescm’nnaTmprmﬁn
volume, Each reaction consisted of 10 Jl of 10X reaction buffer (Promega, 10 Ui of 25
mM MgCly, 25 LU of 20 LM forward and raverse primars, 2.5 LU of dNTPs (10 mh
each), 1 |l of extracted DNA template and 1 unit of Tag DNA polymerase (Promega)
mmmmmmmammeHﬁhmmnﬁnﬂmWMM&
ke sequences (Masul ef al,, 2000), Ampification was done under the following thermal
profile: 85°C 3 min for 1 eycle, followed by 95°C 30 sec. 52°C 30 sec, and 72°€ 1 min
per cycle for 35 cycles and 72°C 5 min per cycle for 1 cycles. Ten micralars of asch
PCR product was run on 8 1% agarcse gel with a 1 Kb ladder (Promega) to delarmine
the presence and size of amplified DNA. PCR products of the expactsd size (250-350
bp) were usad for direct saguencing or cloning. Positive and negafive controls in the PCR
ManmDMMM{Emﬂupmmﬂmm&md
distilled waler as DNA template respectively,
Cloning and sequencing

Sequences that could not be obtained directly from PCR products were obiained
by cloning the products in & pGEM-T vector (TA cloning kit, Promega, Madison, WI). The
PCR products wera analyzed using gel slectrophoresis and DONA fragmant was purifiad
from agarose gel sfices using QlAquick Gel Exiraction kit ((HAGEN, USA) then ligated
into & pGEM-T vector. Three clones were produced for aach mosquito species. Clones

were sequanced using an AB| automated sequencer. A consensus SSOUENcE WaSs

generated for each species from at least two clonss. Sequences have been daposited In
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GenBank under the following accession numbers AY515368-AY515378 and AY515560-

AYS15587

Phylogenetic analysis of phage WO sequunces
ﬂurmmmprhrhnmaucamlwhmhhddamufdﬂphagnwn

quﬂ'mﬂs;ﬁi'ph&g!mmmmu!ﬂmquﬂnnpm“lnd 16 phage WO

Requences In GenBank reports (Masui &f &/, 2000). The saquences were analyzed using

Clustal X (Thompson et al,, 1897), PAUP 4.0b2 software (Swofford, 1898), and Modeltest

2.0 (Posads & Crandall, 1998) Owing to lack of suitable outgroup, the resulling tres was

midpoint roated,

Real time quantitative-PCR (RTGQ-PCR)

To estimate phage WO and Wolbachia densitles, the copy number of the partial
orf7 gena and wsp gene were measured by RTQ-PCH In ABI FRIEM{D T000 Seguence
Detection System (Appliad Biosystems), respectively. The ampiification reaction was
monitored using a SYBR green. The PCR product wera amplified by the primer WOoH7F
(B-GAA ATG CTT GTT CAG CTA ATA GC-3] and WOTR (5-ATA AAT TCT CCT ATT
TTT TCT GGC A-3] for phage WO and the primar 293GF [5-GGT TIT GCT GGT CAA
GTA A-3] and 449AR [5-GCA TCT TTG GTA AGT ACT TTT-3] for Wolbachia
supergroup A and the primer 293GF [5-GGT TTT GCT GGT GAA GTA A-3] and 4448R
IB‘-GGTGTAMGAAEGHGATB-GHWMMEmpmgmupa.ﬁuzﬁmmmum
mixture consisted of 125 |1l of 2X SYBR" Green PCR Master Mix (Applied Biosysiams),

500 nM of sach primers, 2 LU of tamplate DNA.WHHT&PERWWMMMMH

min of 85 C followed by 45 cycles of 30 sac. at 95 C, 30 sec. st 52°C, and 30 sec. st
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m“cwwﬂammmmmnuhrmmmammufnﬁ“cfmﬂwmwﬁnyﬂuu1
min. at 85°C, 1 min. at 50°C, and 1 min, at 72°C. Standard solutions wers prepared from
the PCR products smplifisd by using the each spacific primer, The products wers
alectrophoresed on 1.5% agarose gel, and the DNA was queniified based on tha oplic
absorbance al 260 nm and the copy number of the stock standards was calculated.
Tenfold dilution senes from 10° copy numbers to 10 copy numbers were ussd as the

standard solution In RTQ-PCR,
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Figure legends

Figure 1. Electron micrograph of phage-like particies observed on supematsnt of Asdas
albopictus Mirated st 0.22 Llm, Scale bar = 200 nm.,

Figure 2. A phylogenstic trees based on genes of two origing from wsp representing
Wolbachia and from orf7 representing phage WO In Southeast Asian mosguitoes. These
maximum parsimony trees were calculated using Clustal X, PAUP 4,062 and Modehest
£.0. Numbers next o nodes indicate bootstrapping probabilities of 1000. Lines connecting
genes of two origins show linkages among phage WO and Wolbachia hosts. Multipis
saquancas of phage WO detected in a single Wolbachia strain are numbered arbitrarity.
The first number maans the sample number whareas the second number after hyphen
means the clone number.

Table 1. List of Wolhachia strains used in this study including group nomanciature, host
species and GanBank accession numbers,

Table 2. Tha bactarophage WO densiy In Waibachia bacisria symblont of mosquitoes.
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