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,,j.,. . ., .. J... .J' . 'l ... ,J ' ., ,J LLUfl'VlL'nl Wo/bach,a F-supergroup �nciY•l1nL1'ell?l'VlliWlL'll'el Wolbach,a L'Wfi:i':i'il'll11il t;1n"C1'1011:JL'll1\1t!..:i�1t.1 

tV -=f� c::. ,?°1 f} O  J -=lc::ii t -=lo 1V�.c:i. :i1 J
Wolbachia 26 lil'l1'ellil'll'11ilfllilLu'W 63 % LL�:: L'W"l1'W'lU'Vl1'e:Jlil'll'Jlil'W'W iJ91'W'1'W 12 lil'J'll-.lfllilLu'W 46.1 % 'VI 

' .,. ., .. .J' ' .J' ' �tJ'l ' ' ,, .. ' J ��'>''W).Jf'1')13-Je.J'Wi:.J'J'W tN'lllli�:i'1t.1'11'W'WV'l1J')1L'll'el�1mrncnt.1'Vl'el"1 L L'WLLlil�:::i"W'll'el-.lt.1'1�1t.11J1'WtN:i''W'Vl 9 n11
',i Ill 'I\ "I 

1-nL'Vlfl'Wfl Fluorescence in situ hybridization �1ii1nrn�i,i..:i1i,L�'W�'1n1:i'V'l1JLf'el Wolbachia 1uf-.i1'11 iru'Yl:: 

LL��1�t.1:::li1'1'el'el'W (embryo)m1iirf'WLLU:i''ll'el'1L1J�L'WU'W Wolbachia surface protein .J'(wsp) 'll'el..:iL'll'el 

Wo/bachia �1iJ11UV'l1JL�i-.iLuMu G
1 

'W'elnr.i1nili-.1�1mrn'Y'lu Incomplete cytoplasmic incompatibility 
. ' 
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Wo/bachia L'Vlt.1Unu�..:i�1t.1U1'W'Vl biJlill?lL'll'el Wo/bachia 'Wu:i'il1lliL'Vl11n'WV'lU'11[11t.lVl�..:)n11'Vl1 LVllill?lL'll'el 
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L'llL�'ellil'fl'eln 24 'll'J L3-J..:)u:i'3-J1CUL'll'el L'llL�'ellil'el'eln 'Wt.l..:)�1t.l'Vlli1"1L'll'el Wolbachia 3-Ju13-J1CU'W'elt.ln'111:N�1t.lU1'W'Vl . ' 
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Abstract 

Wolbachia F-supergroup from naturally infected Bed bug Cimex hemipterus was 

transfected into female Aedes aegypti mosquitoes by microinjection. The total of 41 newly emerged 

adult females Ae. aegypti were injected, 26 (63%) survived and 12 (46.1 %) of the survived 

mosquitoes were positive for Wolbachia as detected by PCR. Transmission efficiency fluctuated 

between generations. At the time of this report, transfected lines of a total of 9 generations post-

injection remain infected. Fluorescence in situ hybridization demonstrated the presence of 

Wolbachia in ovaries, testes and embryos of infected mosquitoes. Mutation of the Wo/bachia 

surface protein (wsp) gene was observed in the G
1 
progeny. Incomplete cytoplasmic incompatibility 

was also demonstrated in the transfected mosquito lines. Mosquitoes transfected with Wo/bachia 

when infected with dengue serotype 4 have 2 times less number of dengue virus than 

untransfected mosquitoes. This is the first report of successful transfection of Wolbachia from C. 

hemipterus into Ae. aegypti. Bed bug Wolbachia has potential for used as a novel tool for a gene-

driving system in genetically manipulated mosquitoes by suppression or replacement of vector 

populations. 

KEY WORDS: Cytoplasmic Incompatibility, Aedes aegypti, Cimex hemipterus, Wolbachia 
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1J'YIU1 

f11uJ1iJ1n.i111a::f11UJ1Tlflty'llo.:iuiy111 

1 ml u �1Tu uiY-h 1 'i fl� fl� o,--nnu'llii fl t111J l'i t1 fl 11.Jfl ll 1 � 11� 1 'i fl� fl� o � ii 111J n.:11 ,'J 1-n-irn:: ri'-rn.:i1rlmli\jm'l'l H 

.d,.s u 
.I 1 I ,: 1 11.,"' d "' 1" .. 1 

� A 
ffl'lilHllq''ll'l111lfli\j'IJO.:lu'i::1'11ff �wrnvn::oui.:iu-:i rn !'1111.'ltlflt)t)f)<]/,:jlJll\.11 '1-llJfll'Hflfl 'ifl\1.:l'll'l-l l'I-IO.:llJlUlflfll'j

IU�U\.l!IUM'111.:Jff fll1::� '1111fl;t)lJ '111,:JlffnlJ fl uua::ff' .:imJ fllWYW'l'l'IJO-lU'i ::'l11m 1-u'1\ii11ilo-:i fll'j 'IJU1Ui1'110.:J1J� fll'j yf 1'1-1 

ffl'lil'i t\JU lnfl 1,J 1 yf ff fl ti1u ffll'Vi'l-ln nu fll'i 'lltnui1'II o .:J'Jtll'll'l-l 1rn::iiff'ufl111J1i'Ju o�'llo.:iu 'i t'lll'll'l-lli'l '1-l ti1u 11-1 aj <B -:iii ti1u vii
q., I 1 , .. ,.,,, I d ,, 

1 1 ' ..::::l..:::1 ... 1 QI I 11-1q-:imll::'Jtfl'Jtllll't'ltflUll'l'lrn'itU1U 'HI u lfl0Ul.:J'i1fll'i111t'ltfl1WU11-l flUmm:: 'l-llll1M'Jtll'l1\.l'l11Ju'it'l11fl'it)lffUOQ

0Vl-3ll'Ulll'U'l-l [l] [2] 

,, 1.1 q.:ia1m.11u (Aedes aegypfl)

., u �. • 1 ,d.,. ..s u 
,, ., .J, 1 �. 0 

q-:ialU'Ul'l-l (Aedes aegypti) Ufllu\.lQ-3'1'11llt\.ll 'ifl'l11Jfl1llJ11lfli\j'l11.:Jfll'Hl'l'l'l1U'l1'1-lfl'lf\.l,:J flUm'l'lltfll'ilu\.l'l'llll::'1-11 

1 rn W1ih:iflOOfl 1m W1iioflOOfl (Dengue Hemorrhagic Fever) 1r!'U 1 rn�fl14o�lflf1Ulfl Dengue virus iiii'mHu:: 1 rn�ffltli\j 
4 d.\li ,,, QI d. 4 !:11 .d.:::ii (LI 4 QI 1 u i Q/ ,-=t d d O ct JI .d. ,-=t� , • ., I 
flt) lJ l'll'i11Jfl1JlJOlfll'ilntlflt)t)fl 01Ulu\.1'11�1l1'U.:JUa::/moo1u1::mu '1-1 111.J fl llfltlJfllJfll1t'l10fl'l/-3'111 ll11ffU'l119l fl ff1'U 

t d.  d,.:i::t, I d  4 \11 r cv1• cv d cv  I Cl QJ  ,q 

q-:imuirn 1J1.:JU'i'l1191 Umoomtlu 4 'i::u:: flO 1'1J �nm 111 1Jrna::m1111J1u n1J119lat'itUt'IJo-:inTHU'ii\j1Jflu::nunm 

U'i::mru 1-101'1-1 imJt)N'l-l 11a::u::u11m'U1i'J'U 18 - 20 1'1-1 1'1-l(]t)l1'1-111 [I] q-:iiio1qu'i::mru 1 1�0'1-1 i1�'11o-:iq-:i'tlfl'l1Ufl ill 

vJvl 1iiov111�ii;191 o dMyf 1um'i �fl J 11-111m 1nflon M ti1ui11ii UvJfl nu iii o fll ,'Ju o 1m'i 1 �o 11-:i 'l,j 1 fl uti1u 11-1aj q-:i u:: 11-:i 'l � ii 
u �. .!i ,d,d.,. u ., ., .!i 

1 
.1, �. ,, d u I 1 ,, Mll OJ:; I u 'I-! m:; U lUfl llJ '1'1 '1-1 '11 '\'llHl flll ru:: i.]ll O 1 fllffll 1Jm O 'U 'l/'U'IJ O -3 a fl 'l/ -:iq-:ia 1m u 'I-! Q-3111\.l 'VlO 1 ff UO gmu 'U II a:: rn 1J '71Jl 1-l 

q-:ii11iimvi ,Ju�vJflfl'l-l 1iioflfl'U1i'.lllo1m'H 1. m::na1nawf ll 1m::vi'U:q1 ll J, 1uiwn'l1'1-lt 1.Jiu 1 o-:iJ, o'1urn-:i'll1� 11'U1Jv1 

II ij il'U fl Of) ,,r UH 'j t1U'l-l91 ,1 ij� 1J'U U,l'lllfl1fl ;'1-1 ll � t) lJlfl 'j fm il 0-:Jfl'l-l �iiU'i:: ff'Vlti fll'l'l i \.I fll'j fl11JfllJll't'lt avi�mi f) l'i ru f)l'j I flvl 

11 ,, "' d q I 'a'I"' .,,. .r ., u ., ,, .. • I ,, 
l'llltlt)vJt)Of) <]/,:j !'Ull9lt'ltulJf;!Vlfll'l10 nm !'IJ!tlt)flt)t)flu'itlJltll 100 t'll'Ufl'U (32]

,e!i d. 0 �I I ..::& .d,, QI �" I 4 ,q � def. ., ,,..::t .. 1 A ,q A ,4 
ij,:JlJfl 111JU 11 u'U OUl,:J U,:J'\1110-.l'l'l\lll'U 1Q'11'1i1'1i I l11J'7 l'l'I OI ff'ilJ1'1i mm 11Jfl lJ'l'llllt'\'llJt) Q ll lJu'i tff'l'l'li fll'l'llJlfl'IJ'l-l ll 'U ,:J 

1 t '" """ d.1 . " i 
"'" .I 1-l'l-l'l-lflOQ'111i11if11'ill'l'l'U'l1u'i::'l11fl'i (Population replacement) 'IJO-:iq-:ialU'Ul'l-l Aedes aegypti 'l-l1i'i'ilJ'l11�fl1Uu'it'l1lm

.I u,,,,.,. l j/  1 1  .f11uljV"i I 1" 11"' q-:iaiu11ua-:it11U'l'lll1i l1lJfl111JfflJJl'it19109ll'Ufll'i'iHtllUl'l10 nm 1'\Jmovioon 1'11'1-l fll'i '11!'\'lfl 'U flU'IIO.:J RNA interference
� JI <v I/� 1,::l�,::t I S/ ,l I 1 I (V Cl/ I 

ua:: Genomic Sequencing 1'1'10ff'il-:i�..ia1ut11U'l'lll1i 1l11J'l11JU'l-l�Om'l-ll'l/Ofltl rn11a::t11mrnmu'l1ov1M1Jtlltfl-:ina11'11H 

vi'll1imrn1iod1-lt111'i [3] [4] [I 9] 

Ji,.,).!,,.. 'I' 111"'" 
1.2 !'110 l'HY 1'\llt'lt}�t)t)fl (Dengue virus) tllfll'illllttllfll'illtlm'\IOsl l'ifl 1'\JrnomJOfl 

bi'TI'W1iioflOOflli'J'U Single-strand positive-polarity RNA virus ogim-:iff Flaviviridae 11iJ.:i1i'.J'U 4 'l/Uvi fiO dengue 
Ji

i
u .d V � d '" J.,.,l "1

-lu A oqV<> 1 Ji�p u 
types 1-4 fll'i'it1Jlfl'IJ0-31'110 1'ifflf1U1'1JO�fl1Jf11rnq�t)vlln0fl'l'llJl'l1011'11 uflflfl'l-lO'U'l'll llllflvlfll'itllU'VlVfll'l/0 !'fl 1-1a-:iu1nq-:i
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Mi'u1�tHllflfll'i�vllUtlvllli1 hmad1,1 8-10 1'U (extrinsic incubation period) i1f«1ui1q-m:iiflm�1niiu1u1u 
, 

1 
... , QI , r ..A , .x .-::s t ,: 4 4 �1 mononuclear phagocyte [32] llft::11wrn'J::'iJ1tJ utH9ltllJ'WlftltJl'l'ftlrnOW'Yltlvll'lfOtlflflH 'Utlfl'illfl'Ufll'J�vlmtlvitlOlu'Ufll'J 

,, , ,, .. i ... �. ' 0 ,.t'>I ., ' .K j- • ., , ' "' .K , ' ' j- • ' .K m::91u 11q,1mff1l.lo11,1 'U'il'11u'U ,om«m 11 11'Jffff1mrn11W'Jl'lftl uo,1 'Um::91v11'Jfo 'UQ'11'U9ltl u 1m::mmrnmonov11'Jfo 
t o ct. ct.:. J ..:14'1:lt. 4 ti i SI 

Nl'W1'1'iJ'Jfll'Jvl11'U'U'lf19l'Utl'1lJ"1lOllft::1'1'iJ'J'lf19l'Utl-:JQ'1'1'fl11::11'JoQ•rn701Jl'U Aedes aegypti vi 

,,,4 ct 4 .-::1 GI GI ..::,,A, GI 
tllfll'Jl lft::tllfll'Jllffvl-:J'Uo-:1 'UmtlvltltlfllJ 2 111J1Jfltl classical dengue fever lJtllfll'J 3-8 1'U11M'iJlflQflQ-:JlJl'lftlflvl

d,.s ., • • "'' ' .I "'.I ., , SI .I ,I SI ,l .I '" SI ' "" '" 
tllfll'J'Ylnlflqj l'lf'U11 �tll11fJlJH3fllOU-:Jfl17ufl9l u1vl111 'UU-:J u1vlllJtlOflftllJl'Utl u1vl9l1lJfl'i::�fl11'JO'Utl9lO 1m::omnnrno

, 4 ?'I , ii ol!:l ct. ,d Ji ,=t '1 GI ct. 
dengue hemorrhagic fever (DHF)/ dengue shock syndrome (DSS) ml lu'U 'UmOvltlOfl'll'Uvl'Yll'WIIH'lf-:Jlfl01'Utl'1fl'lJ'l'ftll1i

ct.,£. GI • ct, QI J/..J i S/GI " I 9/ 4 
fffll'l'f'Yll-:lfJl.lr1lJfl'U (1mmunopathology) Uft::mvimm::fl'Uf;!'YlltW virnl'lfO dengue virus lJ1flO'Ullft1 tllfl1'i flO tllfllH11vl 

• d o 
, 

jl,::t ,.I SI t 9' .q GI 1 4 d 4 � 4 'J! tltlH'J1vll'J1 'Yll 11lJtl1fll'Ju1vl'YltJ'1'J1lJvl1tl 11�1111.:ivl m::ff'Ufl'J::ffltl 'J::fl1t11f10'1 1flftvlmtJvl9l1 11ft::tllfll'Jlntlvltltlfl'iJlfllffll 

1iivv1r-lvt1 1iivv11-u'mi'u 1rn::fl11l.liui1 if 11�-uuri-:i iliiiv1fo111�iitl'J ::tiniflrn �-11nm'Jf mrnilu fll'J fo1n11uu 

tl'i::fimh::flv-1 [321

1.3 tll'ifl11JfJ3.lffl11::nvhr1 (Vector Control)

"'• ., ,. �I """' cl SI , • 1" '., i '"'.I � "' n'l'J lfllJfll'iJvllllJft-:J (insecticides) Otllull11ifll'J l'rn'il'U llfll':i'U 1lJ1 'lffl1'UfJl.llllJft-:J'l'fTtt:: 11910'1 lJlJu'J:: n'Yl1ifll'Yn'IO
.i:!\ ct, ,X ,::t I � ,,, ..::! ct, 

.. 
Cf ct, Cl.I ,.I Ill v.:i 111mfl11 fll'J v1 tJ tll'U tJ-:JlllJ a -1 ua::mma m ::'Yl'IJ9l tJ « .:i111v1 ft tJlJ 'J 1lJMlfl v1 uqimn 1-11ffrn ! fl 111m:: ff .:Jfll.l 'U o.:iu'J:: m ff II a:: 

ri .:i�rn«::l'f ou a.:i fl1'i �llftltll 1111 riif qimffl1il'J ru iy'U J.:itlri.:i'U 1111fifll'Jfl1'UfJlJ�Utl'J:: ff'Yli fll'l'f l.11 Wi'lv-1 Ollllfl::f mn 1 rn 

i-u',ii tJ vltl t) fl6 fl� 10 if 'iJ �'U 'U tl u.:iii fll'J rl' vllll lTI fl l'J fl 1'1.Jt:} lJQ.:J 'Yillf ::� 1 on fl l'i i 1111 ti ft .:irl' 'Wt m 'jlJ'IJ tl-3 Q-11� OU'IJ 5.:i fll'J 'J ::u lvl 

,l ' ' , "' ' i d """' ,J d ., • I "' "' 1 
., ,I "' 

, 
SI ' ., '1· I ' 'Utl'11'lftlfltl ,rn l-lQ.:J1i'J'rn'lll9l tltll-3 rnvrn.111ifll':i'Ufl0'1'Ulvlu'J::ff'Yl1ifll'Yi llfll'J'U'Ulflfttl'UU'U '11tnU'Yltl11'Yll'1'1'flltfl'Jrn uu

, SI"""' ., .I ., ., ' .I ..S d , SI SI • ,l "'ct �fl11ft1'W vi 11ifl1':ifl1'JvlvllluM'l'f 'U � fl'J 'JlJ'U0-3Q'1vl-3 flftl1tll'iJu'J:: ff1JNft n ll'J 'iJ 9lv110fll'J 'U ll'lltlll'Ufl'Yll'J V Wolbachia lJ1

• I � �I ., ,I .. ' IJ ' .. , 
.. , ,, ,, ., d ,, ., "' l .... 

u'J::Qfl9llull'l'fl'l-f'l.l::'U'Ulflatl'Utl'UNlll l'lf 19l'l'fft1ff'lflJ'Utl-3Q-3 'W1i'J 'rn'll19l 11v11tltl9l'J1'YlU '1 v11Vl1ftflfll'J9lvll'lltl'U0-311'1Jfl'Yll'JU [5]

[48] 

• I "' ,o SI ., i ,,., ,l ., ,. t �I � fll'Ju'i::llJl-1 Fitness cost lf'jOfflJ'J'JO'U::'UO-:JQ.:JfllO'lJ1'Ul1ft-3 vl'i'IJl'l/tlll'Ufl'Yll'JV Wolbachia lllllullfll'Jnfl'lll

fl1ll.lffll.ll'J o 1 u fll'J tJ Q'J 0111m::fl11l.l ffll.ll'J o 1 u fll'J iYmfo Tf 'Uo-1q-11 ilu min 1 v1uii II u ru wm 1iJ1910{ vi w1 i .:ivio 1 tld tio 

fl1llJffllJl'iO 1umn1.:i i'li (fecundity) fl1ll.lffll.llrn 1u fll'Jii<liimtJ11'UO.:J�flJ1111flfll'J'Vifli1 (fertility) �ll-11ll�flJ1�'rn11 

:\i191m::i.:ittlJv11::t1::�flJ1 (larval biomass productivity) fl9l'Jlfl1'J'Yivlllll itl�1::u::v1tJ it] (developmental rate) ua::fll'J 
'., SI' ., � • .• 

, 
• ,X .I ,,,,,,1 cl 

ll'U-1'\l'Ul'UlfJNfflJ'l'f'Ul (mating competitiveness) 'UO'Wlfl9ltl1'iJIJ::ffll.llrn'Ull'l/tJ Wolbachia lJlu'J::Qfl9l 'lfl'l'fOl'l'flJfflJ'Jrn'U::
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'UO.:JQ-1�91111.lnni'ulO'VilJ (Transgenic mosquitoes) �1umnh microinjection iMiir111mnmrn11'1i.:iiufi'uq.:i911lJ1i'i'rn'lll� 

1 '1 4 
d, 1/o, ,K, -=::Id ,1 1 ,::::1 d ,:::1 ..des , .d:1 •\1 ihv J 

91 [31] 'lMQ.:J'l'l 91';iUl'll611Ufl'l'll'W Wolbachia U lJlll:::lJfl11lJU'U,IIIHll?\:::lJ'iYlJ5HllJ:::'l'l91f111Q-l'l'l lJ !91"1Jl'll6 Wolbachia

i: ,X • I A 9 ., .,_ I ., • I .. ., • � A A ., .,.,1 A .!I 
'l'l.:JlJf11';iu';i:::llJlJ fitness cost 1lJQ.:J911r;Ju'i:::noumu u5:::mrnrnflo mrnuu5mruoq-111uo-1111nq.:imr;J'l'l91911'116 

d d ' -=ti -� -=ti t ,, -'""' .di .. I d "9 -• 
Wolbachia 'll-16llllJl'•rnm)f)nNn9lu1mruoq-11'l'l.:i911lJu1mru11n:::/mot1rufl1V1 u'i:::nn'l'lfforno nnu'i:::mruoiq'Uo.:iq.:i 

q ,lq 01)1 -=-1 oqj/ -=-1 "9 .di t  '111 Q.tj/q ,l dd-=-1 .c!:I oqj,lq 
IYl'il:::f11591911'1/6 1lJQ-1911r;j611lll:::lJN?l'l'll !l1Q.:JlJ61QIJlJIJ111-f';i6fflJM 191 l110Q.:J911r;J91911'1/VIIUfl'l'll'ilJlJ61QUlJ 11:::'l'll 1l11f191

.I ,/ '1 SI A .di �I d d Q./ ./OI QI d d. A QI ,/,:::t OI ,4 
1J'ilf1{lf115U! Unidirectioal CI !91lJlf1'UlJ 1m:::/mOOllllul-lN?\91l110lJnl'ir-l'iYlJVllJlf1UQ-19111lJU'l'l91911'116'iYW'l'ilJll911J10lJ'll.:J

� OQ.:J 11::: ii'Jiim 6911Hl::: q.:ii 1rj'ff ,rn1lJ l';i tl r-l'iYlJ OU i11J.i IJ 1 �'Ht\ llJflf .:J 1.l 'i :::n 15 � 'iYllJ191'UlJ 191i 1'U6 .:J Q-1 � 1Uf11'i 191fl1llJ011'Uf>-l 

)! ';;ii .,A d-=I ..::I t I OI SI l d-=t d � 1 o q SI f 
lfflJuf) llJ 6-1111011 Ufl'l'll 'W6llllJr-lt\9lf}'\JlJ191'i Nf110'U6-1Q-1911r;J lflf)l'l/6111Jfl'l'll'i IJlJr-ltim :::'l'lUl'll-lU1f) 910'1'11 I 'H'U'Wlfl'i 1.:Jf)llJ

c, , 1 � ?1 d, , QI QI ,/(ii cv ,=-1 4 , l dd 
'Uo.:iq.:i 111t)Jn11q.:imlJ1i15lJ'l/19111:::1uu Nt\9191 v nn ll'U.:J'UlJ NfflJ'l'ilJl nu9111>Jo 'II .:i'iY1lJn tll!Vl'i m :::11 W!'IIVl!Ufl'l'll'i o 

9 .I 11 ... . 1 .I A ., -� .. d A I} Y ., ., J • ., 
Wolbachia 1lJu';i:::'l/ln5'UtJ.:JQ-l !fl91f111 f!Uuf19llltl11J5lJlU!6q'll'l'lN?l91 !91'U6.:JQ.:Jn10UllJ Aedes aegypti 0.:J'UlJtJijOUOlQ (age)

'UlJlfl'UO.:J'il.:JnllJ (body size) 'IIU91'U6.:JQ.:J (strain) 1m:::ffn1Jflll�ium'i'U1JWrl'mf'ua.:iq-1 (potential reproductive fitness) �.:iq.:i� 

ii'llm91imyn11 (fl1llJ1J111n'uiln; Winglength) v1qmnn1111:::iifflJnt1u:::11n:::m1lJ11�-m'i-1qjvnm1'1i-1cuunnN'iYlJrl'ui� 

�n11q.:i�ii'UU1911gmdo.:rn1n'iY1mrnNii916q'�iuoruCVJ::: (testes) 1m:::q.:iih�v (seminal vesicle) illummwmnn11�.:i 

., "., ., "" IJ ., ., • ., ., � "" A � ., " ?I ·" ., .!I ,S ., • 
mim tlN'iYlJVI lJl nuq.:i91111w I fl'Hn W9119161Wrn :::11 n 1u11u m'i nmfl'll11'1'l u1m'i nUVI u l'UO .:iq .:i1 uu u II II VVllJ J 1u A lflt)/91 o 

mrn1u�w;-1rl'ulffl'iYY1{'Uo.:iq.:inwml1:::illuomfl91 [40) ium.:imi'ufi'uq-1niutl'1m1'10viui Rockefeller (ROCK) 01q s

iu«1mrn«f Ho'Q'�lt.:i11>Jv1 iummmmnn11q-rn1q 15 iw1do,mnq.:i�11nn1111:::iim11�uoq-�1iiuo1u1:::1�uo'Q'�oo1.:i� 

• "' d • � "'I., ' ., JI """' t '" ?I .'f ., • ., • I .l, 
1rn:::11uw11.:iu1nm:::mu'ilJltll6q'll 1fltJUl.:JQ0916.:J [ I OJ l'IIOIIUfl'l'll'W Wolbachia pipientis WlJtlVlu\.lullllU'iYlflt)Ju'i:::mrnu.:i

iu m'i rl111w91ffm 'i t1W:::'Uo.:i11>Jn.:i'll11.la'o.:i 1iw iimnh ilf nT� N�91iW'l'�n91n.:i�ni, i Mil'i:::ff'l'l1iflll'I hm1'i u'li.:iium'i N'iYlJ 

., .t .,J.,. JI A d .I " , ' ., ., 11 1 "' 
Vl\.ll'UO.:J Drosophila simulans 'l'l9lfll'll6tlvlMl'W6.:Jlllf1\]0ll1lJ01'Wllll01J';ilf1{lf11Hllfl1llJ lJ!'UlfllJ'UO.:J I'll 9l�nl'iY'lllJ 1rn::: 

V1u11v111ii v�Nff>Jrl'w {nui1rJ�9iv114ti UllJl'i tiNii91� ni u �o lJ 1 i ¢(f o on::: 71 � .:ill' o un11i11ii u� mrnrl'u i fi'ui 1rJ�iln ov114o 

d A 
i1'"' 1! .. 

.. .!I ., 
. . 'l'l'iYllJl'HlN?\91�0 <r1ti.:irnun::: 82 '11.:J9l'i11l'iY61Jf11rn911'116vl1£J Polymerase Cham Reaction (PCR)

q ' • I" A ., ., d., .K "" A ?I • I .. q "'1 ' .. • I ' .. 1m:::l111.:Jf11'i1J{l'iYW1i 911tJ'Q'll'U6.:J Nasonia vitripennis 'l'lvlvll'lf6lJ'VH)9lffl'rnl1JlJuf)91 1lJ!'llnn I'll f16lJOmllOl1J'il.:JlJ

., ?I ' ., d d 1 1 ., ., ,, ,_ 1q " ., ., � Ad. I .K ' MEIW:::lulJll'l'l,I (Rod-shaped) 11n111:::!'HlJ!'IIW 91 'lllJff6.:J6lJ'Htl.:Jlllf11'Ul 1J llJ!'llnn flnWOU911tl'Q'll'l'l1Jntivl!'ll6ll ff,H11

"".. ,. 
•
I) 1' • .i l 1 

, .. t .,. • .s ., 
1 

.. .,. q .,1 .,, .. .. ll1Jfl'l'l!50 Wolbachia !lJ l'fl'l'llnllJl'lllJ m 'lllJ !19lf)l'jlf)fl CI lJ\.jlJf)l';i'l'llnllJWOlflJ ilrn11fln1Jff !U'l'l'Q'911l.:Jlf191f115tJ'qJl'iYO 

1 1 1 
1 ' ,q � 'JI I c(\,11 .e.t� IV t t 

fl'i lJ 'lllJ'l'll.:JVIViwm:::u1lJnl'rn1J-lW11flt\Uff'i:::U:::9llJ (First mitosis) 119lilJl'llnn 'UIIUfl'l'll'iU Wolbachia 11:::ouu.:i CI �:::lJlJ

"' ' '11'' """" ?I 1-1 "" ., ., .t "" .'f ., .l, d , q .,11.:inn11 l'fl1111Ufl'l'll5U Wo/bachia lulJ u'i9llJ1'111JfllJ (Regulatory protein) 1{llln5'U6.:Jl'llnn [51] onull�IJl1lJ.:J'l'l'lf1U 111 
QI �,, ' ...s c:$ .a. I .l ' I .::tAI ,q, ,q, .::t .K d.::t ,, ,, 

Wolbachia 'UOllJ'l'i W l I 916 Ul .:Ju 11 'i llfl tl mm llJ'l'ltlvl!'l/6'1'11.:JlllJO Ul.:JlJlJ'j::: 'iY'l'l1i m� Im 1:::lJ f)l'j m::: llllJl'l/6 'l'llJfl1llJl'U lJ'U\.l tJ' .:J 

1m:::u:::nn7.:J'UO.:Jm'ifffN1'1i (oogenesis) U�!1W anterior 'UtJ.:i1'1i191067ffU microtubule 1m::: Dynein/Dynactin complex [16]
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O ti .. , a, .. 
t/ ti � CV O � t ,d Q./ o::,\,::t<Q, QI O "J Id

ff1Uf11'1 '1:::nrn fitness cost UQ-391111JOtl'1:::flOUvl10 5:::mrn'1flfl0 urnnu1u 1'U'VIO.:JlJ'lf19lllt'l:::urnnu1u 1'U'VI

1110 (Average egg/cross and % egg mortality) 1m1::: Wolbachia Olillh·rn�m.fimrumrnf1.:i1'1l'Uo.:JQ-3 mnffh:11�tn1Jl\ll 

!.'1 "' ' ' JI ti , "" ti d "' ., ' "' 
, 

' ' 
1Jlflil:::lulJNt'l919lOf11'111'1'l'H'lfO'UO.:J '1:::'l11mq.:i lJtVirn'l119l ':i:::fll'rnffO.:JflO omlff1lJ'UO.:Jl'l'lffllJO lJll9lt'l:::1u (Sex ratio 

, t  .. .. .. ..  .!/, ,;It .. .  ,.!/,ti , 
(Female/total)) 1m 1::mnq.:i1 lJlJW')JJl'l'lffllJOlJlflllt'l::lJfll'j\)l�l'lfOilllJ1lJ1Jlflil::I UlJNt'l919lOf11':ill'l'i'j l'lfO lJ 'j ::'lf1m Q.:J lJ

.. "" ti d "' ., 1 ' 
1inlJ'lfl9lllt'l:::t'l91fll'11fl91 CI 11a::: 'l:::mrnffllJflO 191fl11JJffllJlrn lJfllrnQrn91 (% Survival; Hatch, Pupation and Eclosion) 

. t • i d. ti -=- -=- l -==t .=t ?1 ,::::i, 

11a:::01Q'UO.:JQ.:J (Longevity) 11.:ium::o:: Larva, Pupa m::m Adult l'l'lO 'l::IJJlJNt'l'UO.:Jfll'l9l9ll'lfOll1Jfl'Vll':iO mmulJNt'll'lf.:J1J1fl 

1 ., d ., !.'I ti 1 o' ' C: ' JI "'"' 11 ti J "" JI ti 
910m'l'll::';i:::o::m19llJ10 (adult) il::lulJ 1::: O'l/lJ001'30'39lOf11';if)'j:;i)lOl'l10111Jfl'Vll':iO !911Jlfl'UlJ 11a::m1ilff01Jnl'19l911'110911tl 

PCR 

.. • !.'I .... d 
,� 

"'., .. .!I .... 
'l"::1 l'Vlfl'Ufl semi-nested PCR lulJ11ifll'rnffllJTHl '11 1lJfll':i9l'11ilfftl1JOlJO'Ufll':i9l911'lf0111Jfl'Vll':iO Wo/bachia 91'Vl-3 'UQ-3 

,, ,::,t ' I 4 �I .c:w::t d.::.t O I -K ,::I ,::,t 4 !;11 A-=I d\1 j/a,, ' ..A � � 
l'l'lfff;jllt'l:: !'Vi f(llJ tlll9l t'l::: 1 u 'It-:! I u lJ 11i 'Vl91 ff01J 'VI 1Jfl111J il 11 m:: 9l 01 'lfOII fl'VI l':iO'I/ .:JI u lJ 11i'VI 191'11Jfl111JJ'U ll 'llOfl O ua::/m O fll ';j 

"' ., ., .. .!I ., .... . . . , ..., ' ,1.. .!I ., ., ' • 1 OlWlJ09l'1lfl1'19l911'lf0911U11i Fluorescence in sit11 hybnd1zat10ns (FISH) lJl'l/t'lt'l l'IJ'Utl.:JQ.:Jt'llO'Vl9l911'lftl 191 OUl.:Jilll'l'll::: 91ttil::

i'.itnlJl\llfl1'191�14o\)'.:J�1J�l1\ll�llJlf1.l'l (Anterior region) �llllltf.:J (Posterior region) llt'l::ff1'Ultl�ofl (Co
.
rtical region) 'UO.:J 

"1 1 1 • 'tlQ d Q �d d. il t u, j/  t 
I'll 1111 X1 ua::mu:: 'l'l1J11 ':i1Jl\llfl111Jfl'Utl.:Jfll':i9l911'110'1J�lrn9lu (Threshold infection frequency) l'Vllfl1Jrnua:: 20 uu 

' ' ,l ' "ti.., ,, ,d I d I CV """' ,l ' CV ,, d. QI ,::::i, '1 • .d. 
mm::ff1J9lomrn1rnm1'lfo110 1 191\luo.:i1u'VI 7 1rn:::'l'lm101111mrn911'l/01mnurnua:: 100 1m::rinilu1::911J1911Jmu1u'VI

'1' ., "" .!I 4 " dt1 , 'I '"' '.!I itl., , i" d
, 

, .!I 
9 (60] ll9l\l109l'1lfll'l9l911'110lrn9llJ'V)'j0tJt'l:: 2 \l::'l'l1J11 11JlJfll'Hl'l'l':il'lfO t1'31lJ�flllt'lllJ 911m1::f1111Jfl lJfl11flltl'Vltl911'110

� QI ,:::,t o QI ,d JI QI 4 o I .l I I .x -=Id 
'U'U fl1J'U91 il lfl9111 lJ9l lJ 'IJO .:J1 ::� 1J CI ';i 11J(l �fl 111J 'illl'l'll::'UO�fll';j II m l'llfl NllJ'Vll•mlJ!m::ffm ';i fl u::'Ufl.:Ji'lfflll 1J fl'VI 11 ti Wolbach ia

Jl .. .. . '"
ti 1.5 1'110!11Jfl'111'HJ Wolbac/11a spp. lltl::fl1'111'11\Jfl 1::'lnm (Population Replacement)

�I ,::,t d d ' QI ' 

• 

QI QI 
,I .. 

I ,., 1 \'I s,d 
Wo/bachia lulJll1Jfl'Vll'ltl'VIOQtllfftl'l11J (endosymb1osis) fl1Jff9l1'111ut'IO.:J 91t1mm::1ma.:i1m:: crustacean 'l'l1J 191'VI 

.. .!I .. ., � ., ,, . ,;,'! • ., 1 ,,.. ' 
1J'H1\llllJO!tlfl'UO.:Jfl1tl1::I11J'l'llJ� (reproductive tissues) illflfll':infllllt'llvl1Jl1Jff (sequencing) 91U 'lltllJ 16s rRNA 'l'l1J11

Wo/bachia IJ91od1umjll alpha-Proteobacteria 1ilu subdivision 'Utl.:J purple bacteria 11a::iim11Jinltif91fi1J Escherichia 1m:: 

.d!.'i "'"'d "'j"' " tl" '1 , ., ,;,'! 
' 

Rickettsia 'VllulJll1Jfl'V111U'VIOlfftl Uff9l1'Ul t'IO.:J'l'llll::'Ul rn&'lllJfllJ [37] illflfll'jflfllfl'Vll.:! Phylogeny 'V11J11 Wolbachia

1 ct, \'I ... I, , " Q./ Q .Ji I �I I eX I e::l I " Q./ � 

m::il100Q'V11 1u lJlllJt'l� llOlfftlllt'lltJ'lllJ91'1/.:JlJlil::lulJfll';i1J�'lf111Jfll':iflltl'YlOvl Wolbachia 'U11JfflO'l'llJ'.fi (Horizontal 

transmission) 1m::1:::l11H'l1Uvl'U0-3111Jt'l.:J'Ultllo.:i M (57] [63] ,'fo�'U'UO.:J'Ulvl1Tl'HlJll� OlJlfl';i fll';itlo.:inu�ijtl1::tl'Vl1lfll'l'l 1ll 

.,.. _, "" 'I ti '" j 
' �I"' """ JI 11 ., i ti '" • I ti ., "' 

fll'jfl11JfllJ!lt'l::t'l91�1J9lfll'l\llfll'llfl91 1'11lt'l091tJOfl lJll9lt'l:::ulJf;j9l911'110 11'1ff 'lllt'l091t!Oflu'l::1Jl\ll 100 t'lllJfllJ [32] il.:JJJT1111J

0 �I ' A d " CV Adi I 4 Cl Ad de:t 'i ""'ti !l Cl '4 ,:S 
, 

t � Qd 

illlulJ OU1.:itt.:J'V19lO�'l'l9lllJlQ'V11i11i lllJ'l l'l'lfllffrn11i fll';j Tl11JfllJ'l'tlll::'VllJO Q 'ttlJ '1 :::n 'Vl1i fll'VllJlfl'lllJ lllJ� lJlJ lJflflQ'V11i11i 

fll'Hl'VIU�tl'l::'lllm (Population replacement) 'UO.:JQ.:Jt'llU Aedes aegypti 1ll1i'VilJ'l1191�1Utl'1::'lllmQ.:Jt'llOi9111UMfflOvi'lJ{1tf 

"' ,., ,, JI,., .. .,.,. ' 
,
., 11"' '" 1t  ., ,,

JJTl111Jffllllrn9109lllJfll'jff.:JfllOl'lfO 11ff l'lllt'l09100fl l'lllJ fll'i 'lll'Ylfl lJ t'ltl'IJO� RNA interference l'l'ltlffll.:JQ.:Jt'llVfflO'l'llJ'.fi 
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111,j�iriiu9io/ ,w4orio 1 rn hf tnmrntiw'Ylorim.:iri'ulm'ilJ iri' (31 [ 41 [ 19) 119i1nm'i�1rlrmYo.:in1Jm'iiv111tltHri'ulm'ilJ 

q.:itl ntrmh ::«1Jfl11lJri 111\11 u m1 t11rJ'Ylt1ri'YI i.:iri'ul m 1 lJ i tl1u 1h ::,nm q.:i 1 U1i 1 'i lJ'll1�1uo9l'i ,�, 1d o.:i \11flQ'Y11i1W nn 
CV I t O �I ,, c:t 

1 
CV d; <d ,., ' I ,. d-=ttl 

.. .. .. 1 .... 
�'l.:ifltl11'U U \111u'l-!91 f).:!lJ'l'lll1'U:: (Vehicle) U fll'j 'IJ1Jlfltl f)'U fJ'U911Ul'lff)f)f) 1 'i fl'YllJ 'i::ff'Y11ifl1't'llltl::ll1 m:: rllJ l't'ltl l1lJfl1'j

' r.l 
cl

1 ' ., "ltl1 '1 
"" "' clp 

1 "'
"' 

1 
' .. cl

itl
., t "' .K 

ll't'l'im::\11fJ Transgenes \fJ'l-!'YI rll'IJ1 I l1lJ UQ•rn'rnfJU'Ylvttl.:!fll'j l1lJnl'illrlvl.:!f)f)f) UQ.:!1'111-WU'YI fJ1JfJ.:!fl1'H\1'iqJ'IJO.:i!'lff)

, 1i' ff) i tlfi.:itl7::'111 m I fl1l1mfJ 1 u 1i$ 'j lJ'l11�Motl1.:itf 91i'UlJ°9iUti::71�1111wh1rlo1no1J f)1Jfl1'j tlci,w1 tt t) lfJ'YltlvlVU 'YI 1-l 

Yi'UlmrnmlJflQ'lltl-lllJU!vltl (Mendelian inheritance) 1m::ilr1mrnu:: (Fitness cost) 1u7::1J1J'llt1.:ifl17'U1J1fltou'ilu/1w4o 

hi'ri�g .:i 1�01tf 1::1J1Ji.:incinmm7011'Ylu�tl7::'!11m q.:i 1u1in lJ'!l19iiri' 

CV t JI � I ' 
'ti ti >' 1 A >' fH'UU mfJfl11lJffllJ1'Hllltl::fjtUfflJ1J91'1Jtl.:innll't'l'il'llfl'IJf).:i Wolbachia 'a' 7::'111mlllJM'IJ1 tio.:i U1i$$lJ'l1191111fJ 

\1 CV d I " ,, JI .ct t O " -=tJ' ,/ d ' ,di 1 .... cl 
fltl !fl CI �H'Ylfltl11lJ111tl1'1J1.:j9Jl! Mfl1':illflfll':i'l-!1'1Jtlvl'UlJ1'U':i::Qfl911tlUrl1Ul1lH UQ'Vl1i11ifl1':ifl11JfjlJlltl::ll'YIU'Yl'U'i::'lllfl':i

,K ' , • .. !?I cl "'., ,X cl .I "' � 'IJt1.:i11lJt1.:i't'lTl1::'IJO-ll'lltlfltl 17fl (Population replacement and repression) (6 I] \1-lluU'YllJ1'1Jtl-l•nU1\1fJUl't'ltlu'i::llJ'Ulltl::nmn 
l ,=t,:t CV ,/ .d CV CV d. t 

r-mm::'Yl1J'IJfl.:il'llflll1Jfl'Yll'ifJ Wolbachia fflfJ'Vl'l-ll F 'Ylrlfl11\11fl911l'rnvl (Bedbugs; Cimex hemipterus) 11flfflJ'i'iflU::'IJfl-l

.I >' 1 "' cl • IJ.1.1 "1 >:'<I • ., cl .,. >' "" ., l ,K ' u'i::'lllfl':iQ-ltl1fJ1J1U Aedes aegypti U1i'irn'll111 l't'ltl'Ul 1uu7::Qfl11 '11 1Ufl1':i'l-!1'1'lllltl::'IJ1Jlfltltl'UfJU911Ulltl::/mflfJ1JfJ-ll'llflflf) 

, cl 4 ., "' "' >' 0 0 

"' 
>' 1

tl1 • I 
1 >' 0 "' "' cl

1 'Hl'Yl�fll'lff)lJfl1Jll1Jfl'Yll'i fJ Wolbachia lltl1ff-lfllfJfJ'Ul'IJ1 U u'i::'lflfl'i'IJ0-1Q.:i't'l1l1:: 11flfJ1.:jlJ'U':i::ff'Y11ifl1't'llltl::rlm7 trn::'YI 

g-11ifo.:iwo 

o o IV �V 

monm1mm1u1ilu 

firnum�n 
.K .... "' ., .. 

.. .x  l'lltlll1Jfl'Yll':ifJ Wolbachia F-supergrop \11fll'rnvl!'llmflU Cimex hemiptenis lJfl11lJffllJ1lfl11vll'l1fl 

., cl
tl 

.K "' 1 °
Q-ltllfJ1J1U Aedes aegypti 'YI M111'11fll1'rn lJ

II � ,l -=Id -=:I d f 
ti .K "' i 'Q-ltllfJ1J1U9lvll'lltlll1Jfl'Yll'ifJ Wolbachia F-supergrop lJff)J'j'jfl'U::'Ylll9lfl911-l\11flQ-l tlfl111'11tll1$fl lJ

., ti 
d .,., 191Q 'i�il',lfl'IJMflfflilfJ 

cl � .I "' "' "' ,K ' ,K "'"' cl ., 
i >' "' ll'itl11fllllu'i::ff'Y11ifll't'l'IJO-lfl1':i1111l'l1fllltl::fllHllfJl'l10111Jfl'Vll'ifJ Wolbachia 'Ylffflvl vl\1lfll':itlvl (bed bug) 

iu'1lJrllfJYiUl'1Q-ltl1VlllU Aedes aegypti 111011 direct microinjection 

cl ti � v .:ii A .::t.::t ,, ,Q .q ll'ifl 7::llJUrllJ':i7fl'U::'IJfl-lQ-ltl11J1J1'U9lvll'lltlll1Jfl'Yllrn Wolbachia F·supergrop 111Vfl17't'l\117tll1 fllllflvl 
\1 I SI CV 

fl'JllJ &lJl'IJlflU'IJfl-l Cytoplasm (CI expression)
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flJJJ.Jvi91u (Hypothesis) 

q,rn1uu'1-u Aedes aegypti �Mi''Um'iri-:irl1mio11'1Jflviifo Wo/bachia "1m1ofl 1fluii direct microinjection

"' , .I., ., , .,.,.,,. •, "" • " d.1 ,X • "" ,1 ' Ill "":::lJfflJ'irn-u::: 'Ufll'.i1Jrn\ll1 '111J'll1�fl� 'U1inlJ'll1�u�nm-:i"1nq,m1um-un1JrtfJ'fll'llO un:::muno'flfll'.i�'fll'lffl\Hlfl'Hnl'U 1'fl 
I .. I ., d ., ,, ,:::i, ,X .::1.::1 i:::t I � , ., d ,. flllllfl'il'Jl'U9l Cl 'IJfJ-3Q-3t'lltJ'IJl'U9lfll'llfJll'IJfl'l'll'itJ Wo/bachia F-supergrop lJfll\)'-3VlfJ'l'l":::Uff'fl-3 '111'1-!'UtH

1l1:::ilnimmm:::1l1::: 1u'llu9iom'ili111111':i :::qn�"'l.n-uo-u1f19l

fl':itl'IJUU1fl11J.Jflvl1w11u1it1 (Conceptual Framework) 

Transfection of Bed bug (Cimex hemiptems: Hemiptera; Cimicidae) Wo/bachia into the dengue vector 

mosquito (Aedes aegypti: Diptera; Culicidae) by microinjection 

I I 

, .. .x ' .x 'l'l'fl ff fl'IJfl11lJffllJ'.i fl 'U fl1 HI fll'l/0 mm 'I/fl ll 1 ::: di-u fl 1 1  lJ ll ':i ::: ff 'l'l i fl 1 VI 'IJ fJ -3

'U0-3U'Uflfiifo Wolbachia F·supergroup fifffl'fl .... ll 'IJ fl '1'11 ':i !JU fl::: fl111JU 'U -3 ll '.i -3'UfJ -3
'1' .. ., , ,, .Ji "lfl 'IJ'UO,l!'jfJfll'Uvl'rn'U 'UQ-3rlltJ'IJ1Wlf-l V Q ,l -=I at ,, I q,:i rl 1 tJ'IJ l'U 91 'fl 1 'lffJ U 'IJ fl '1'11 'i tlfl 1 tlfll

� 1 ... ., .. ! I 'U !JffYl9'11.:iff(lt'lfl'IJ!rn'fll'U� O'U 1iJofo1-uv1 Cl

I I 

' 

1 ., QQ./ d d , .e:td . Q./ .,,d.::i. A 
1 

d jl t od ll'.i::: tJ'lf'U'UfJ-Hl'U1\W flt) fll'.if1fllfl1111'1Jfl'l'll'.itJ Wolbac/ria ffltJVl'U�'l'l9lfl'fll'lffJ 'Ul'ifJ'fll'IJ9'1'.ifJ'U'U'U lJ
.,,..,J 1 "� ., 1 li 1111" ,X , "'" .,;., " � , "T}tllfflJ'IJ9l'l'l"::: 'Ill 'U�1ll'l'l'U 'Ufll':i 1 'llf11'1JfJlJl'lffJ 'Ulnfl'flOfJfl'l'llJQ.:irtltJ'IJl'UI 'UVl1'11::: 'fl 

'"1'1 .. .... .. .x ' .x, " mo lJ fltJfll'.iVl"l'.itulf}tufflJ'IJ9lfll'.i�'fll'llmm:::mrn1uno'fl1'lfo -uq.:inium-u



7 

CI (Cytoplasmic Incompatibility) flO 1J'I7fl0fll'Itufm 1iJ1'1i'111tJ'IJM Cytoplasm �lfl'fl'il1flfl1Hlffl.J'Vi'ii{ 

, v,JQ A .::s,:,1 QI -=1.d�•.e:i. -l t:tA o1"Q -=ii 
.. 
1Q 

'I�l117.:iUl.Jt'l.:il'Vii'l'r;j'Vl'fl'fll'l10111Jfl'VllHJ Wolbachia fl1JUl.Jt'l.:il'Vii'l'll.JfJ'Vl 1l.J'fl'fl!'l101!1Jfl'Vl!'W Wolbachia 'Vil l1!fl'flfl11l.JN'flufl'fl'IJO.:i 

\)fll1t'll'U l'Mll i1t1otJ1iJffll.JlHlrn'ity!�1J 1'111i Ut'l�'fllfJ1ll�'Q''fl 'H�O!fl'flfl'lll.Jvifll'I 

.. 
, ' .. , ,.,� .,; Fitness cost flO fl1ll.Jffll.J1rn '\.Jfll'iOQ'rn'fl (survival) l!t'l�/l1rnffl.J'IHlll� '\.Jfll'Ill'IJ.:i'IJUr11J'Vi'\.J1i 

4 ' I -=t "-' ti I
, .. ,

� 0 ct ,, QI d Q � d,::IQ t ,A ?1 1 
., 

(reproduction) !'Vi Off .:imfJfJll 111\ll ll'flO u CJf .:i'ill!Vll'flO.:I 1Jrn11Jt'lfJll'Vi(}'fl fl'i'Il.J'IJO-lff .:ll.J'l11'11'\.J'\.J!'Vi01 u'\.Jllll1'Vl1.:I llfl1'rnWlll1 
., 

1 
,, >d.o::tQ , 

1 
Q -4 ,, d d 

1.,'fl'lltH l1ffll.J1Hll.J'l11'110Q'IO'fl '\.J1i'I'Il.J'l1l'flllt'l�ff.:Jll1'flt'l0l.J'Vl!1Jt'lfJ'\.Jl!1JM 'fl 

Aedes aegypti fiO q.:imuu'1u (Mosquitoes) i110�1ll kingdom Animalia, phylum Arthropoda, class

Insecta, order Diptera, family Culicidae llt'l� genus Aedes '1'fl!�llq•rnl'H�lh hfl�iifl11l.Jff1tlllJ'Vl1.:lfll'Ill'Vi'VlfJ'l1ii'fll1rl.:i 

'I' 'I' , "<'!:I ..:t .::IQ ' ?I .:!:l , I t' QI ,. ' QI d QI ' Q 

1'flfJl'il'Vi1� l'Ifl 'IJ!t'lO'flOOfl l.J1.:J'il'I'l11'fl!lmOOfl!1Jll 4 'I�fJ� flO 'IJ \)fllll 911 1l.J.:Jllt'l�9111'fllJ1fJ 'I1l.J!l'flt'l�'I�fJ�'IJO.:Jfll'Il'il'Iqj 

,1n'il�fllll1t'll1J'I�l.J1tu 7-101'\.J 

cl cf d Q I .d O ,i::tQ ,, jl 9/ ,:!{ ,. ,/ QI I 

Cimex hemipterus flO 1rn,11i1i11J'Iff'flfllfJllOfll1.:lfllfJ'Vl'fll'I.:1'11'l'flOY 'fl'fl'lfJfll'I�'fllt'lO'fl'IJO.:l 1ffff'fl '11.:ll'llll 

., ; J, , I.. �I 'I' ., •q llfl fl1.:lfl11!1t'l�l.J�1W CJ/.:! l.Jtl0!1Jll'Vi1l1�'1JO.:I irn 1'flfJ\]fl'il'flO� !ll family Cimicidae

,e!:t d;,d • Q � 4 O d<=l ,. o ::'I 'J/ CV I 

Wolbachia flO 111Jfl'Vl!'IfJl!fl'il.J"11J (gram negative bacillus) 'lfWvl'Hll.:I CJ/.:lvll'I.:1'111'11 1vlfJ'ill!1Jll'f10.:J01i'l'fJO� 

nw1u1CJ1"1ft'IJO.:I� .:iii•r:i'fl'lfU'fltll (host) 1iJ-rr1m1 mm�1iu.:i 1u 01l11'I!ifJ.:i1..5o 1'flfJl'i'1, iJM 1m�alfJ'VlO'flnm1ru�r-hum.:i11iJ 

rvi1Ju 'Vt1J1llff'fl'l'IJ71JJo.:i (arthropods) !!t'l� filarial nematodes 'Vi1Jflf.:i11rn1uq.:i Cu/ex pipiens 'fl'1l.Jl'Imh1ttln'flm7l.J 
I j/ GJ .' 

l!'flfl'fll.:J'fl l'\.J fll'rnffl.J'Vi'\.J 1i '1J o.:i host

' 
1J1� lr.t'llunmv111<\J�i1t1,u 

O .. I:! d V di Jlo,, I I A dd 
I. 'fl'll.J1'Iflll1N"1fl1'Hu'IfJ1J!'\'lfJ1J'fl'm'Ifl'\.J�'IJO-lQ.:J"1lfJ1Jlll Aedes aegypti 'VI 'fl'i1Jfll'Iff.:ifllfJ!'l101!1Jfl'Vl!'IfJ Wolbachia

'illfl!�Ovl 1'flfJ1n direct microinjection 11J1�u'li'o1,1i,l.J11J'I�Qfl�!�llQ'Vl1i1n1llfl1'Ifl11JfllJ!l"1�11'Vlll�tl':i�'l11fl'I (Population

replacement and repression) 1J'I�'l1lfl'IQ.:J'Vi1l1�!�0ll1'liJHiJ1� 1u'11tl1unui'Jo.:inllfll':il�ll'Vi1l1�ll11rn'Uo.:iq.:i (disease

blocking transgenes) 1'flfJii Wolbachia !�ll'Vil'Hll� (Vehicle) 1um'I'U1J!fltouuuMmh.:iiitl'I�ff'Vlimmm�ll1l.J1�'fl'lJ 

�I >' ,,s ., 1 
""., 4 ' ,. I, ::3 • I;! ,. ' ., , ' ., 

2. l1Jll'UOl,!"1 r11mu fl'I.:Jfll'il'ilfJOll'flO 1J llfll'Itlflln'VlYit'lO�llJ'I fJU!'VlfJ1Jfll'Hl'U.:J'IJ'\.Jfl'l1lJffll.Jl'Ifl llfll'I ll'U.:J'IJll'UO.:J
"""" ,l ., ,.,.,, ., ., ,. ., , Q.:J'Vl'fl'fll'I/Ofl1JQ�'flll.J1i'I'Il.J'lll'fl 'fl '\.Jfll'Ifl11JfllJ'Vl1.:J'Vi'\.J1ifl'I'Il.J'UO.:JQ.:i"17fJ1Jlll 'Vi1l1�'UO.:i Arbovirus 'Vlfflflt'\J '\.JO'\.J1fl11 



.. ., 1 011n;m..:iq-nrnnnu

'°l.e:I. 0 � �Q.I 

11i�1&UU fll';i'J'llf.J 

t11o�u{q,rn1mJ1u (Aedes aegypti) 1�m'il1nfl1oi\i1ino111a::ilm1in01ffm1Jui�oino1ffltrnf
� ,I ,I \'I !II ,/QI ,I ffl1il'Hllq''II fl'HJ1'1'1Vlfflff\ll'ifll'Hl'l'l'YIO m::n·n�ffl1il'Hllq''ll l1'1J'lll'l (mice) I\PllJl'illfltJUVffm'YI\PlrlO.:i

J.Jmino1ii'm.1tt\Plr1

8 

Yi1m1vln1'\iq..i1um\Pl'l'lrllt1'9in�i'i'IJUl\PlflfH 201'11U9ill.lm 01130 l'l/U�ll.lm \J'-.l 10 l'l/U�.ll.lm l�l.llf,
• F- ,,\ , SI .!! '1 • �I f , • I "" '" SI ' i ' " ,J mlJltll I L l'1'10 '11fl.:JTifl00fl'illfl l'lllllU\)flUlfllV Ul1r!l1J'itlJltll 30- 60 Ul'Yl'l1'iOll'r1111\ll01Q'IJO.:J 'II '11M'illfl'YI

{ .!! '1 SI SI , SI d .J , SliY • I .J , SI .,. O �I d '1flUl\)flTiflOOfllllfl l'llll'rl1 l10ll1l'illJ\Pl'Yl1J\Pl '11 mJU1\Pl'l'I01J'itlJltlllllltl'rlO·UllV \ll�tll'111Jl.l 28 C 'i)UIIJU9i'11\lllJ
., l 10 tnllJ'l/U 70-80%

u i SI Jt ti Slc:t f I _; 2 m1mn.1'Yf U l FJ<1trn.1mu mo I ttt1 m1 tH tm.11,m

o .Ji g/QI ,Q ' 4 o d, 1 t .K UlQ•rn \Pl'i1Jfl1Hl\Pll'l/6 Wolbachia lllfll'iO\Pl lJl'Yllfll'i'YI\PlntJ.:I l'l'IO'YI\PlffV1Jfll'iff.:imV1'1fV (Crosses of 
. . d,Q .K -� d ,Q CL/ JTransmfected Lmes) ll'rltfflJ'irnUt (Fitness cost) 'IIO-.lfl-.l'Yl\ll\Pll'l/Ol1J'W1Jl'YIU1Jfl-3\llllJ1i'i'ilJ'lll\ll \Pl.:iU

2.1) i.hi'liq.:i (Eggs) 1Jum::mllnrn.:imvfn'l'liium::1Jt'IIU1v1 6 x 12 if1 �ih!it1::01v1mm\ll1 1.5 L �

�W'l11Jii 28°C iJ1tlJlru 30 llln - 24 i1 ilJ.:J 1floffflllltl\ll'.ilfll'ivffl t'liil'lt1fl11tl'1JtnlJltll\)flJ1J-3'11lJ\Pl�Vm::\Pllll

flHM I !!NU

'JI SI 41 t cv t  I i' d � d .Ji,s, 2.2) iml1'111'i'1fl'Ul (Lavae) 1Ulltrl'i.:JU1J\ll.:Jllvllfo 'll'itf.lt'YI I 'i) lJfl'it'l'H'itV�'Yl 4 'lf-.l 'l/'itf.ltl1lll

,J '1' .I ,,, QI -� t' t I A� QI 'itlJltll 5-611.l llii'.:i,i1nvln l'IIQ.:Jll'itlJllll 3 iu 'llllllVvl'l1VvlU1J1J'il.llUl'1flUl'l'N'11lJ\Pl\llO I mt1Jtl'l'rnl'lfllll6m1

fll'i W flll'rlttl\ll':i lfll'i \ll lV'IJO-.l'f110VlJ

� Ji v J v d QI d QI 91 v Ji o SI ,.!/'l'llllff\llfll'l'IO!Wfll'l'lff'IIO<IQ.:i '11MlllflU'ilt'l'lvllU1nmo1;'luq..:i\ll11\lllJ10 il'loh11miJ1�mru 2 1u 1::0::u lJ\llO-.l 11 

01'11l'i

QI QI d QI d OJ ,, d ,, J d� el i ' QI ,l2.4) '11'rl-.llllflQ-.l'l'lvl!Ull;'JlJml\lllJ'l(Jll'r111fl1JQ-31'11lflH!nV<l'YllJ'IIU1\Pl 9x9x9 U1 \PlVIWfll'l'lffll'rltfli:Jl.ll'l-3lJ 

.J .. flH'YI 3 flt>

.. .,. l ., ., Q-31'1'1fl'llJV\ll\Pll'l/V Wo/bachia ffltl'l'IU1i F

.,.,. l ., ., fl-31'1'1ffr;j\ll\Pll'l/O Wolbachia fflf.l'l'IU1i F

.. ,J l ., ., Q-.ll'l'lfl'llJIJ 'r!O\Pll'l/0 Wolbachia fflf.J'l'IU1i F



\lll'n:i� 1 ri1u1.h�mi1J'llt:mnrnfflJ'lltM PCR

d. , _1 ..A v v ® \lllH:J'VI 3 ff1'Uu'J�fHl1J'UtM!'lltllJ Insert DNA !'1J7fl1J pGEM -T Easy vector

d _1� Q., 1 51 \l'ITH:J'l'I 4 !!ffl'H!!ff\ll;j1J'JlJ1tu copy gene of 16S rDNA 'UV;j Wolbachia 'il7fl\ll1VtJ7;jQ;jmtJ1J7'U 

(Aedes aegypti� 

d _,� � \ll7'Jl;j'VI 5 !!ff\ll;j!!ff\ll;ju';il.llt1l copy gene of RpSJ 7 'UV;jq,rnwm'W (Aedes aegypti)

\lll'fl'lll 6 CI model resulting from the establishment of naturally Wolbachia-uninfectedAe. aegypti

and transfected Ae, aegypti mosquitoes

'li'Ul 

14 

15

18 

29 

30

45 

48 



.J t' ii d o::.t QI o ,•$1 ii �flWfl'l 2 'UQ.:J\ll1fll!'H.:J1J'Wfl'.i:;\ll11Jf1'HN'l'll\ll'HJlJ'W1Jll1'W1'W 'Uflltlmltl.:J�l!'l'l';i'H('W 

d Q/tl,dv ,::::!1 d1:v 11"" fl1V fl'l 3 H 'U'l1'1-l.:J'U1.:J'Utl.:IQ.:J!Vift'!l.Jtl '1-Hflrn::mr.1 lxPBS 'l'lfff1\ll1J'Wff ll\l1Uf11

d QJ "1. . ,::::f QI ..::::r. .. I ii 'j} , v mvrn 4 H 'U 1 t]'Uti.:JQ.:J!Vifl1l.lt1 anmnnmt1i1Jffti.:iunv.:ittlll'l'l1t1111nff1'W'l'lti.:J'Uti.:iQ.:in.:i

1 .J � , ., ., 1" ., .,'Wffl';;l!:::n1t1 lxPBS 'l'lfff1\ll1J'Wff ll\ll!!f11fl1tl \llf1lltl.:J�l!'l'l';i"rn'W 

d w , v QI ..:::r, .. 13' gJ , V mvm 5 vrucn:; I t]'Uti.:JQ.:JIVlflf;J ffn\ll111nmt1i1Jffti.:iunv.:ittlll'l'l1t1111nff1'W'l'lti.:J'Uti.:JQ.:Jn.:i

1 .J � , ., ., 1" ., .,'Wffl';il!:;mr.1 lxPBS 'l'lfff1\ll1J'Wff ll\ll!lf11fl1tl \llf1lltl.:J�ll'l'l'nfl'W 

fl1VI� 6 i'.:it'll (!1\111.J'W) 1m:::tirucn::: (mrnh.:i) 1J'Wff1nl'l super-force one plus

d .c::i .<::$ d -� . fl1Vl'l'l 7 pGEM®-T Easy vector 1m::: fl1Vlllff\ll.:Jm11ruu'l'lrn\llltl'Wltltu111mt1 (cloned msert)

fl1VI� 9 PCR O'W 16S rDNA 'Utl.:J Wolbachia bacteria 'U'Wl\ll 136 bp

fl1VI� 10 O'W RpSJ 7 (Housekeeping gene) 'Utl.:J Aedes aegypti

fl1VI� 11 Uff\ll.:J it1 in'Wff'U11Ull:::ffil111u1'Wt'Vrn'l'l LB �flt11U0'1f1'W:::Utillvi'liii'W X-Gal tm:::

IPTG un::: it1 inuiY'U11�1lmt1MTgnfl'j

fl1Vl�l 2  Demonstrates the extent of 16s rDNA gene fragments of Wolbachia bacteria

endosymbionts which naturally infected C. hemipterus and transfected Ae. aegypti (G0-G9)

d <'::t QI I ii fl1Vl'l'l 13 m1vhtff\ll.:Jf11';; amplified tl'W 16S rDNA 'Utl.:J Wo/bachia ll1f1\ll1tltl1.:JQ.:Jmt1m'W

(Aedes aegvpti) i1r.1 Quantitative SYBR Green based real time PCR

'l'llfl 

9 

10

11 

11

11 

12

17

24 

26 

26 

27 

27 

28 



fll'Vi� 14 nnvluff�-:lfll'J amplified 'tiu RpSJ 7 'llo-:iq-:iawu'1u (Aedes aegypti)

�1V Quantitative SYBR Green based real time PCR 

fll'VI� 15 Demonstration of transformation efficiency oftransfected 

Ae. aegypti, (n= number of mosquito sample tested) 

d 1 !V �-1 d ,1 fll'Vfl'l 16 Uff�-:lfll'VitllV1llf1f1aO-:!Yfi;)OOl'Jfft'llll91 

d . v v 'i QI \!1 • fll'Vi'Vl 17 Uff�-:im'Vimv,nnnaonao-:ir10u 1vl1rnaH 'UQ-:1 

d I 'JI jl d ,/Q,J t fll'l'l'Vl 18 Uff�-:lfll'Vitl1Vlllf1f1aonaovl'i;)Otll'Jff!'ll'W9191100'W 

d v 'i QI fll'Vi'Vl 20 fll'Vi'illf1f1mHflO'W 1vltrna (tJW'Yl�) 

d . " .:1 -=t I 'j/ V " I fll'Vi'Vl 21Uff�-:I Meltmg curve 'IJO-:ll'l/OU1Jfl'Vll'JV Wolbachia lllf1ff1ll'l'10-:!'IJO-:IQ-:lalV1Jl'Wf1t'JlJ'l'l�ao-:i 

d . ,I I Q.I 'JI ' fll'Vi'Vl 22 11«�-:i Meltmg curve 'IJO-:ll'l/0 Dengue serotype 41llf1ff1'Wll11!a�Vf1'1JO-:!Q-:lawrnumprn�ao-:i 

31 

32 

33-34 

35 

36 

37-39

40-41

46 

47 

48 



d "' 
m-rvi 4 fl6

"-1 ,l ., � 
q-:it'Vlfll)j1H't6Yll'll6 Wolbachia tl'ltl'VIU1j F 

9 

• I .:, '\' ,, 0 

'l-1"" ... 
A q ,, "' � ,,., 

2.5) 6Yltlll11';iq-:iu';i�lJ71.U 3-5 '111 tlN 111:nmq-:i uflUl'16Yllf\j'U11 (Mice) IVl6 1'11Q-:il'Vlf111Jtl !Ylnt 

"' A ,, ,, � ,d � q,, .I "'"" .:, '\' lU';iYIUIVl61'lltl'';il-:J 1'U'Vltl'1J\j';i1.U [4] 1'lll1'!llu';i:;1J1ru 30 Ul'Vl tH 1'111 11J-:i 

A q j,IQJ I OJ ,I q j} A dd. I .. ; 
I I I 

2.6) �YI q-:i6 6 fl'OlflflHI Vl6 t lf '01lt;!Ntl'1JVIU 1j q-:i t Ullfl1Vl'llltl'YI fl'VllJ m :;Y11'14 m 6-:J 'ljlJ l,11€) ijn'1'U'll l-:J 
' )I 

1uun'1 (m'Vlvi 1) i-:iii

fl6 

m'VI� 1 m'llu:;mdl6-:iV1"11tl'�mhwi'mi'ut1-:iNtl'llviu11ti
1

luti 
. . � 

I Q,I rl ,d.c::,, l .c::l d QJ rl t QJ j} o.l d, 
t]Ntl'lJVIU1j'U6-:Jq-:J'VIYIYll'll6111lfl'Vll';itl Wolbachia tl'ltl'VIU1j F 'Vl-:J111Pjll'l!:;Y11l1J1J (Infected 

pair of parent) 

miuB fl6 
I QJ rl d..:c\ OJ d, .c::,, A d,,:::1 QI ,I QJ "�I t;!Ntl'lJVIU1j'U6-:Jq-:iV11J\,11llJtl1!Yll'll6U1lfl'Vll';itJ Wolbachia tl'ltl'VIU1j F fl1Jq-:Jt'Vlf1Pju"16YI 

.!I 
1'116 Wolbachia (Infected female) 

nefuc fl6 
I QJ rl d_d, QJ d _ I J d, d QJ ,I QI 3)..,,,. 

flNtl'lJVIU1i'IJ6-:J1J-:!'Vl1J\,11llJtlU't't6Yll'll6U1Jfl'Vll';i1J Wolbachia n'W'VIU1i F fl1J1J-:il'Vlf1NYIYI 'U 'I " 'I q 'U 

.!I 
1'116 Wolbachia (Infected male) 

, a , QI ,1 d11 ,.,,,. J c:1 ..:t 
flt)U D fl6 t]Ntl'lJ'Vi'U1j'IJ6-:Jq-:i'Vl llJ\,JYll'll6111lfl'Vll';itl 

A q ":ii , 
(Control/ wild type) IVl6 t'JHuUfltJl.lf111ltjlJ 

OJ ,/ t <V !J} a, d 
Wolbachia tl'WVIU1j F 'Vl-:!1,11PJU�:;1,111J.Jt1 



<c:t.CV �
i., 

1i.,JJ I CL1 ,I .d.dcv d 
_f .K. cv ,,"=' A �1U1WIU !'IJ l�'l'l�t1tl1J CI �1flfJffi.1'1JViU�'lltNQ�'l'llJ�11'1JVlHHJ�l'lfflfl1JQ�IVitl'l:J��l'lffJ Wolbachia (Infected

� d ,, I q \l"' 
male) 1Ufl��lfl'IJ':i1V�1U'IJ111l;l1111fl� CI � (43] (55]

v v .ct �  ,- " "  q d v q t  cv 1rn:::hrn1"111'iq-:imvrlrn'IJ1JU1"1111u (IO% fl� 1r1ff) �1u11u11n1Vimfflllfl'IM\llfl-:i1�'1JU1'1117U't'Jfl1U

i , d cv cv rl V 
_1 cv 4.2.7) Q-3ffl'IJ1Hl1N 'II (1l1Vi'l'l 2) '11M�lfl�ff'IJViU�lli;l1IJ'i:::'IJ7W 3-5 1U 1J'Ufl'i:::�ulflrn-:i

�,mf u11l11V'IJ�-:ii1vtl1-:il'lf'fimn1u,1'u\llfJU�fl 1tli-:id f\'v tl111ri'1Vimff9in 'ltl11'1i11��� -20°c tl'i:::mw 20-30 u1'ti
<i 1 " ,, QJ �, 

I QI I q d I d d O A QI q A. IVifJ '11Q-3�1V lli;l1fl�IWflQ-3flflfllIJUfltl'IJ�,:jl'J/Ul�'IJ 1rn:::lfl1Jll'lfll'll�Q-3'1'1-20 C IVifl'iflfffl� DNA 1rn:::fln�fll'i\ll�l'l/fl

�1V PCR 1m11i11�fl 111

o QJ I QJ d 
Olympus SZ 60 flll;l-3'\JVW 2 !'I'll 1rn:::1J'U'l'lfl�l;l

d 1' 
" d d QI O l ,,, ,, ' .fll'Vi'l'l 2 '\JV-3�1fll1'11-:J1JUfl'i:::�Tllfl'ifl,:J'l'll�'iV'IJU11�1U1U l'll�1(lflj;lfl,:J�l;l'Vl'i'itl'U

. . 

,:f, q (II ' 
3 fll':ilVl':ifJlJll'-:l\ll16fJH 

,q .-=ii u l o u o 

3. I) WIWUU-3v/WllNUl'H1Utn1fl1 Fluoresce11ce i11 situ hybridizatio11 (FISH)

' ' 
0 d d 'l' d 3' 'J} 3' QI "d d QI QI 3.1.1) UlQ-:JIVitl'l'IJV '1'111-:J '111JUfl'i:::�1llfl'ifl-:Jl'iV1l'ifJVll1;l1 Vi'ifl'IJfl1JQ-:JIVitl'l:J 'll-l'IJfllQ 10 1U 'IJlfffl�

i'-:i'l�1rn:::iw'l'l::: (fll'Vi� 3, 4 1rn::: 5) flflfl'IJlLUfflrn:::1;11v Ix PBS 1Juffht11ri'1mvMnat:1-:i�1;1'Vl'i'itl'lJ

Olympus ju SZ60



.d Ql\:ll � J}  �'t .d QI  \il" " fllVi'l'I 3 H 'IJ'l1\.J-:t'IJ1-:J'IJfl-:tQ-:tl'V'lfl'llHJ 1mnrn::mv lxPBS 'l'J'i;1'0\Pl1J\.Jj;1' '1\PlU01 

11 

, I , 

m'V'lvi 4 i'-:i 1� 1 �'Ut1-:iq-:i1vmdiv 1;1'n\Pl,nnu111ru1;1't1-:i1.hi't1-:i-ey\Plvi'1mnnrl1uvi't!-:i'llt1-:iq-:i'1-:i 1u1;1'1rn::'11tJ lxPBS °¥i1;1'n� 
'1 " ., � ., ., " 

1J\.Jj;1' '11>11101.fll(J 1910'1fl-:J�'1'1'J'i'.ifl'\.J 

Pu11 ol l l lu� 

ml'I� 5 vru'l'I:: 1 �'1Jt1-:iq-:i1V1fl'� 1;1'n�1nnu111ru1;1't1�il,fo-:i-ey1>1vi'1mnnrl1uvi't1-:i'IJt1-:iq-:i'1-:i1um·rn::mv lxPBS �1;1'fl\Pl 

i ,, ., �., ., " U\.11;1' '1\PlU01flltJ 1910'1fl-:t�'1'1'1'i'ifl'\.J 
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,,£ CV ll ' 'l rl 
d " t d -;:ii jl '1 rl " do 1H'll'UH '111J'Uff illil Super-force one plus (fll'Vi'l'l 6) 'l'l'HllJ'l'l..:Jllillilun 1 '111..:J11'3il..:J1J'Uff illilllfl1l'l'IV

, "1g 
, � d '" d , 'l "'d "1 d O _., � 'lfnfflfl'll'Ullil'IIV..:Jq..:i (Body size) ff1'UV1t11::�..:J'l'll11aV101J 'U11i!Vlil Eppendorf'll'Ullil 1.5 ml 1'11�W'U -20 C r;i111'i1J

� ,l ,, �.ct.ct rl I 'l-1 \ll';i1\l111mrnlill'lfVlil1tl11i'l'l'llmrnv u

d �,I QI I l!l ✓ f11'1'1'11 6 N 'II (Ut:111J'U) un::vtuCVJ:: (Ut:11i!H) 1J'Uff illil super-force one plus

. 'l ✓ , 1 ..3.1.3) 'Ulff illillJlll'I/ 4% Formaldehyde 'U coupling jar l1il1 15 'Ul'l'l

,, l "'J} 0 t d ,, d ·1 ✓d 3.1.4) il1..:Jff lnlillil1tl 0.1% tween 20 in l x  PBS (1:1) \J1'U1'U 5 fiH'']il:: 3 'U1'11llil1ln1Jff illil'l'l
Jld O .,A cv �W'U -20 C 1'1'1Vrnlflfff11Vl'll�MDNA [60]

., .. " 3 m·:nrnvtvtlV�l()

:Ii .,...; � .I """' lu'U11i'l'llillillluil..:JlJ1\J1n11i Modified salt

o d ,, ., d , ., , 3.1) 'U1�..:J'l'lll'II 'U�W'U -20°C 'U 1.5 ml. eppendorf Uil1 homogenize q..:i 'U 100 µI

extraction buffer [0.1 M NaCl, 0.2 M sucrose, 0.1 M Tris-HCI, 0.05 M EDTA, pH 9.1 1rn:: 0.5% sodium

dodecyl sulfate (SDS)]

3.2) \J1mTm.ii'liluilu Water bath� 65°C 'Ul'U 1 i'1 fo:i mi-mmfu l�lJ 15 µI 8M KAC

(potassium acetate) i:-lffJJlif1'1i'1nu (mix by vortex)



l3 

' , "' >I • 'I. I .;. .,I ,, cl 3.3) U'lla.:i 'U ice box 'Ul'U 45 'Ull'l Ua1'Ul LU1J'UIVWVlflVl�fH)'UICJ/aa l'1 12000 rpm 4°C 'Ul'U 

IO -u1Yi 11K1�,1ih-u1irn�1-u 1.5 µI eppendorf�1vi1uJJii'h1,j 

3.4) 1-ni'��1mf-uvinvi�mrn DNA �1u 250 ml 100% ethanol fl'iil.JO'Ul1Jl'lllel� J.:iii'�'H� 
"'., "'t"ltln1.f.]lJ'l10.:j 'Ul'U 5 'Ull'l 

3.5) ., • .,I • • 
ua1-u11iJiT-urrrnvtflVl�flO'UYi 12000 rpm 4°C 'Ul'U 15 -u,Yi 1mh-u1a"n.:i uK11H 

'11i'!Ofl eppendorffl'lltJ'Um�fllll'tl'll'I! (dry pellet) 

� 
y 

., 3.6) '!1a.:i�lflU'U resuspend Y11U 10 µI O.l x  SSC (15 mM NaCl, 1.5 mM sodium citrate) ua� 

19imlimfm.J'imm 30 µ111K1r-urnriu1m'l [38] uK11�ufol!1'i'l'mV1�1gum� -20°c [29] 

"' Jl ., "'"' • • 4 fll':i\ll'J1'\1fll':i\llYll'IIOYl1£J1fi Polymerase Cham Reaction 

'Ul DNA �'i'l'Ofl 1�lJllfilJ�l'U1'U�lg'UIOUK1'11':i1�'111 Wolbachia �1Ull'lfliifl Polymerase Chain Reaction 
.,I , >111 >1.f.! "' d d "' , .,. ,1 (PCR) 1mJ '111f11J'.ilJltllYIIO'UIOl'llVltJ�VIOVIOfllHln�11fl'n�'l1 ua� Quantitative SYBR Green based real time PCR

l.:i��minrio 1,J

TI Polymerase chain reaction (PCR) IY1t.11'1i"lm1mJf�li1Joti1.:i�11m�rimhwutHV'U 16S rDNA '\l'Ulfl 

136 bp I) INTF2; 5'-AGT CAT CAT GGC CTI TAT GGA-3' Ila� 2) INTR2; 5'-TCA TGT ACT CGA ATT 
G QI A ,d,d. • GCA GAG T-3' [45] [63] ua� RpSJ7 'i'l'l'l1'rn11'i1�1'110111Jfll'll'itJ Wolbachia m1� Housekeepmg gene '\lo.:i�.:iaw 

lll'U Aedes aegypti mmilvi11 ff1'UN'i'l'lJ'\ltN PCR tl'i�fl01J�1f.l !Ox Taq polymerase buffer mmm 2.5 µI, 25 mM 

MgCl
2 

mmm 2.5 µI, 2 mM dNTP mmm 2 µI, forward and reverse primer 1nlJ111'i I µI, m-u1CJllJ Taq 
.f.! .f.! ... rel.I 

1" 1""1"'polymerase 5 U 1Jrnl1t'i 0.2 µI, DNA (100 ng/ µI) JJ'.ilJlVl'i 5 µI lli'l�IVllJ'Ull'l1J'ill'l�lfllO'U CJ/lJ DNase '11 fl 
• e _y , � .: _ f.! � ., .,1 

1 "' . 
I� 1J'.ilJl1l'iq'fll'llUll'llfl1J 25 µI l'l'tlJ1J'ilJltll'i'l'lrn'U1jfl'i'.ilJvl1Ulfl'iO.:i thermal cycler (Eppendoft) flUlJfll'iJJ'j'IJ'i'\'fll1�

OJ J SI f, � 
.. � JI u J'..!t d O .c:::t " fl.:j'U l!Ufl'i'l'W DNA Vl'iOlJl'l.:ilVllJJJ'.ilJltllfl1tJ'i'l'fll1�fl<l'UflO Initial denature l'1 95 C na, 2 'Ull'l 11llJfl1U 35 HltJ'\ltN 

d o  Ci d  • .d o  Q -=t  , d o o::i i:=1 ,, denature l'1 95 C nm 30 1'Ul'YI, annealmg l'1 55 C nai 30 1'Ull'l ua� extens10n l'1 72 C nai 30 1'Ull'l 11llJf11tJ 

final extension � 72°C na, 7 mYi mi'.:i�1mfu-u1r-iii11rl'ru'l1�Mmli1 electrophoresis ��tl'ilflt]II01J'\J'Ulfl 136 bp 
al ,d, Ji d.  Ol dc:f I JI  1 ,d ,=t  SI jl fjl

'\ltlW'Ul6S rDNA IO I bp '\ltlW'U RpSJ 7 llJtlll'ltJ1Jfl1JfllO'UltllJ111'iJl'U1J'UUN'U1'Utl�fll 'i'i'l'l'1111'itJlJfl1tJfl1llJl'\llJ'\l'U 

2% 



1 .r.'! t, 
ti ., ' ti ., ,lvlVu'HJltuffl'H..,fflJ PCR YlnllJvl 25 µI 1::fHJ1Jvl1Vff1'U 1::fltJ1Jvl�'U 

�mH� l rl1-utl1rntJ1J'IJt)�ffl'HlfflJ'IJt)� PCR 

Component (lnvitro gen) Volume (µI) 

I OX PCR buffer 2.5 

25 mMMgCl
2 

2.5 

2mMdNTP 2.5 

0.5 µM Primer Forward 1.25 

0.5 µM Primer Reverse 1.25 

5U/µl Taq DNA polymerase 0.19 

DNA template 5 

Deionized water 9.81 

lnlJl'fllffl'HlfflJ'lilJ 25 

14 

.iA A A ,, � . . l'l'ltJYlvlfftl1Jfnrnvll'lftlvl'"lVlfl1tl� ABI thermal cycler (2720 Thermal cycler, Applied B1system
" QI e¥ mv1�fff111::'IJtJ� PCR vl�'U 



mn�ii 2 'il'm1::Qw1-u;iii1m::mn'IJfM PCR 

Cl • � ti 1. QW'llfJ).J Denaturatlon l':i).)91'\.l 

2. ri1mhrnou PCR i1u1u 40 ':iOU

2.l)  Denaturation

2.2) Annealing 

2.3) Extension 

3. QWmJii Extension '!lv!'ti'1t1

,,'J ., d >pl.l 0 4. ril'Hrn PCR product lfl1J !Tl'l 4 C

95°C, 5 mn 'Ol'\.11'\.l l ':i01J 

95°C, ..

'\.ll'l'l 

55°C, ..

'\.ll'l'l 

72°C, '\.ll'l'l 

720C, 5 
.. 

'Ol'\.11'\.l l ':i01J '\.ll'l'l 
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mf 1th PCR product ,nmnnh PCR rnuurnci�ii'llmvi 438 bp M,nn Primer�� I m,tv,rn� 200 

l'th�1t1 Deionized water 11a'1vii PCR ':i01J�'il'tM.f11t1'1.vi''il'm1::QW11f.)iilln::mnm).J91Tn�� 3.2 111ifounmo1JU':iflll� 

Aid d i,, ,d ,, d � 
l1Jlltl'\.IIU'\.l 'l/ Primer fJ'l'l 2 lnlll91'.i'IJO� DNA 91'\.1111J1J'illfl 5 µl lU'\.l 1 µI un::rvrnmmm Deionized water 'illfl 9.81 

11 .J, '1 .,_ F- ' ., ., ' ., ., '1 ., µ1 lu'\.l 13.81 µ1 '1/�'il:: vlu':illl91'.i'IJO�'il'l'H-l'il'lJ PCR l'l'llfl1J 25 µI vl�l'l/'\.llvl).J 'il'vl'l'lltl'il:: Iv! PCR product 'IJ'\.llvl 241 bp

t o � t  � rl JI JI ,- -=td "l 
'illfl'\.l'\.l'\.ll'l/'\.l'il'1'\.l DNA 'IJ'\.llvl 241 bp ).Jllltlfl11f fn::mmu DNA vl1tl 2% 1irn::m 1':i'il' Olnfl 19l'i 

... I d, ,, 0 ' " JI d " � .. " d "i "'i A I Tiill':i'11'il' llll1'\.llllN'l-l1'1-llJltJO).Jffvl1tl ethidium bromide 1m::m1'il11rn1::mmu DNA v11t111'il'��1 1vit1 rnrnnrn Gel 

Photodocumentation System (Bio-rad) 1m::1nt11J01Jllfl1J DNA ).Jl91'i!l'l-l'IJ'\.llvl 100 bp 'illfli1'1-lt�m1'il'l1Tfili1J 

ii!:11 -=l<j' \') r/ .:A � QI d O I d � d-=-1 
'\.11flll 10 1'\'lvl (Sequence) l'Vl091':i1'iltl'\.ltl'\.1Nll'IJO� PCR 'l'l'illl'Yn::910tl'\.l 16S rRNA 'IJO�l'l/0111Jfl'l'll'W Wolbachia

5 DNA Cloning and Sequencing 

5,1 fll'ilVl�l'Jil competent cells illll E. coli ffl'H'5Ulll'ifil transformation 

., .I ,/ "' J ' t a ,/ "'"' j >I >I '1.lj 191Qu':i::'il'�fl'IJO�fll':il9J'jtJ),J Competent cells l'VlO'il'�tlltllrnl'il').Jvl 'illfl'\.10fll'111lll'IJO�ll1Jfl'l'll':itl '111'\Jl l1J '\.I 

1'111ln'IJO�ll1Jfln� tl'il'ltl'rl'l-l{ DH5·alpha l�Olyj).J'Ol'\.11'\.IIIUfln� mm::1vilJtn llltu 'Yinl'il'iivl h1"i�'Ol'\.l 1'\.llJlfllvitJ�'YiO 

a o' .::1.ct d o 
j

,, � d v d. d " v 
j 

QI d d. d competent cells flOl'111l.n'lJO·Ul1Jfl'l'll':itl'l'l�fl'l'l1 '111flv!J'IJ'l-llvlmfl911tlllflnl'11tllJ'l'lfl11).Jl'IJ).J'IJ'\.l m::911J'l'll'l1lJl::'il'lJ v!IO'\.l

d " , , v " 
., 

i ., ., 'i r d t o 'L 1 
IO'l'l910�fll'i'il'�tntll'IJ1 competent cells 'il'lm':ifll'lll 1il '\.11'111lllv11tlfll':i incubate 1m:: !I'll '1-1'\.llll'IJ� 'illfl'\.l'\.l'\.11 rn heat 

.d o , d �• Cl .c:t " r d -=t r, 4 o i ,, GI ..::s c:1 shock 'YI 42 C OtJH':i1vll':i111J'\.ll1nl 45 1'\.ll'l'lllll11H1J'\.l'\.llll'IJ�Oflfl';i� 'il�'l'll 11 competent cells ffl).J1Hl':i1J9110'\.IIO

'\.IOfll'linll"1M [25) 
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• Ji .... � ,., d d .,� .. Ji ,, 5.1.1 'Ull'll0111Jfl'l'll'HJffW'l'l'U� OHS-alpha 'l'llfl1J 11 l'UfH'll'l/O'rnalJ11Wl::l'llOU'Ul'l'l'fl'l'l LB-agar ll'fl1

1.h.J� 37°C .,rllJfi'U

5.1.2 1nmfu Pick I 1fl 1nii'llfll'Vl'fl'l'l TI-31'Ufflrn::nil'J SOB mhu,1,hh.1� 37°C .,rlJJfi'U 1�oli1

«mf 91191of (starter)

, ":c'I ri � 1 .,.. ,., ,.,_f.'! , "' ,l.,. 5.1.3 'lllll 1>1091 'UJJVl�9lff9ll'i9119'10':i1J'rnl91'1 5 µI M 'U flask 'IJ'UlYl 1 'fl9'1HlJJffl':i'fl::nw SOB

.. r= ,, 0 \t I d Q, 0 ..A 
, 

� ,, d'd � ,. d cl ,, di ..A 0 1J'rnl91'1 250 ml ll'fl1'Ul 11.ll'IJl'Jl (shake) 'l'l�tulf.f.)l.J 16 C mo '1119'11'1/'fl'fl'l'll9'11J 19'1'1'1 Log phase ':i::U::l':iJJ9l'U'll-3IJJO'Ul

«Trn::mvd1iJ191 00
600 

ihho�1wih:i 0.4-o.51imn1.l':i::JJ1tu 24-36'1711,N 19lv1.l':i::mru

111Jfl-vi�v

A \1J J/ I .d j} O ..A I JI :: d �I d 5.1.4 ll.JO 19'1fll OD '1'11'11"1::ffl.Jll'fl1'Ul Flask OOfHJlfllfl'rn�l'\Jl'Jlll'fl111'1'1HfUll!'lMl1J'Ul1nl 10 'Ul'l'l

o '1,J-" ,., d d o rJ "' ,i � .. ,., 5.1.5 'Ul I 1J'U9lf19'1::flO'Ul'll'fl'fl fl1ll.Jl'i1':i01J 4000 rpm '1'14 C I 'Ul1nl 10 'Ul'l'I IW0fl9lln0fll'l/'fl'fl

' ,,f  � dd JI 0., : _Cf .!,,,5.1.6 l'l'lff1'U1ffm11n::191JJffl':i'fl::'flllJ TB 'l'lll'J'U lliJJ19l'i 80 ml lliJ'JNfl'UfJUIV1?VUU1ll'U-11'1'10 '11 
d' 111 V f cl d 91::flO'U!'ll'flillll'JflOOfl'llflfl'U ll'fl111�1J'U'Ulll'IJ-3 10 'Ul'l'l

o .. Cf d d o �I ,::1 5.1.7 'UllJ11J'U9lf19'1::flO'U'l'l 4000 rpm '1'14 C l1J'Ul1'fll lO 'Ul'l'l

' , � ,, Cl. 
d d At'= JI V ' , 5.1.8 l'l'lff1'U ff'l'l.:J 11'11!9ll.Jfflrn::nw TB 'l'lll'J'U ll'rnlVl':i 20 ml lliJ'JNUUflUtJllWU1Ul1::1111u-;in

� : d SI Y C\ d' d O SI 4 t o 
,

,, 
.I:! flfl'v!VUU111'11-111n1mJJ9'111'Jfll'jl9'1JJ fflrn::mu DMSO (!f11J'l'l-20 C 'IJlJJfl'Ufltl'U'Ull.Jl 'II) lJ'iJJlfl':i 1.4 ml

. 

' !'<I ' d ri . F.! ' 
91 • '1,J 5.1.9 lllHl'll'fl'fl lff'11il09'11"fll 'U Aliquot IJ'rnlVl':i 200 µI 9ltl I '11'1091 1.5 ml Eppendorf llil1'Ul 1 

d" d o I QI v lfl1J'l'l -70 C Ol'Jln::l.J9l'i::1.:J



5,2 pGEM
®

-T Easy vector

® d_11 It" ,. � . pGEM -T Easy vector tJ110 Promega l�lllfllJ'Hl'VI Madison

pGEM,•T 
Vector 

(3003bp) 

T7 Trarscrlptloo Start 
► 

\ 

I/ J. 

Apa I
Aatll 
Sphl 
Bstl. I
Ncol 

· Sacll 

Spel 
Notl 

BstZ I
Pstl 
Sall 
Ndel 
Sac I
BstX I
Nsil 

f SP6

1 start 
14 
20 
26 
31 

37 
46 

55 
62 
62 

73 
75 
82 

94 
103
112
126 

5' ... TGTPA TACGA CTCAC TAT.11.G G GCGP. ATTGG G::CCG ACGTC GCATG CTCCC GGCCG CCATG 
3' ... ACATT ATGCT GAGTG ATATC CCGCT T MCC CGGGC TGCAG CGTAC GPGGG CCGGC GGT.o\C 

T7 Promoter I IL_JI I I II_ 
Api I AD! II 

S,:hl 
BstZ I 

/Jco I 

GCGGC CGCGG GAAlT C3ATT3'f�toned t,sert) ATCAC T/>GTG AATTC GCGGC CGCCT GCAGG ,cGAC
CO:::CG GGGCG CTTAA OCTA \� 3'TT/'13TG ATCAC TTAAG GGCGG GGGGA CGTCG AGGTG 
4hJ--µ I I L_JL_JW--U IL__J 
J�� S el EccRI � � Sall

B�tz I p BstZ I 

SP6 Transcription Start 
◄ 

CAT AT GGGA G/>GCT CCCAA '.:GCGT TGGAT GCATA GCTTG AGTATTCTAT AGTGT CACCT AAAi. . 3' 
GTATA CCCT CTCGA GGGTT GCGCA ACCTA CGTAT CGAAC TCATA/>GATA TCACA GTGGA-T TA ... 5' 
L_J L_Ji l_J 

Ndel &lei BstXI /isil 
sre Promcter 

17 

flJl'i� 7 pGEM®-T Easy vector ua:: fll'Ylllff�•m111tu11mn�lglJ1mfl11n.nv (cloned insert) �/o-rnl'iffmll 

thluu1f1�1o 1'YI� 
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5.3 DNA ligation 

1 •1 c\ .A ., .,  ® d 'Ufll'Hll tU'l'U'U� PCR product Qfll'l10'1Jl'lllfl1J pGEM ·T Easy vector (Promega) (tll'Vl'Yl 7) um: 

Qflff·Hlllll.,f111.l1-ut'llmi' competent E.coli murl'-u{ DH5·alpha 1'1tJVl'M ri'�,l'-uvio'U'11011.ltl 

O t J Jt . ,,  @ 

5.3.1 lll PCR product il1fl'llll910ll'Yl 4.4 lJ1l'l10lJ9101'111 50 ng/µI pGEM ·T Easy vector 

1 
.,,. .. .,,. 

1 
d (Promega) ll'IHHJYl'Ylfll!0-3 Eppendorf'Ulllfl 0.5 ml Yl�'Yl 1'101i1Jlll 'U911Hm 3.3 

SI d 11 Sid SI <1 SI 'I SI 
5.3.2 Nff'IJIU1'7 llll11fl1J 11'Yl 4°C 'Ul'IJflll (Overnight) llll1'W1 11.hi1m':iff�tlllll'lllf11J 

l'lllltl competent illfl E.coli «wrl'-u{ DH5-alpha 1mhiuio11.l 

d I .I ..i ., ., ® mnrn 3 ff1ll1J1::f10U'UO�l'JIO'IJ Insert DNA l'UlflU pGEM ·T Easy vector 

i½1,nh::miu U1"1\111 (µI) 

5X Ligation buffer 2 

pGEM®·T Easy vector

T4 DNA ligase 

PCRproduct 5 

Deionised water 

Total reaction mixture 10 

' ' � " ' " 5.4 nT'rn•mlfJ'rllnmm1'1119't•1nrn Competent 

1 "'=" !11 ., 1 ..,. ,, 
d "' 111' " "'"' ., " 

5.4.1 'lf1Jl1J9109l ll'IJVl�Yll'llllll Competent 'Yll91':ill'IJ l'flillfll'lltHUIUfl'Yll':iV E. coli ff1V'Vlll1j OHS-alpha 

mmm 25 µI n.:i1mmOY1'YlYlll0-3 Eppendorf'Ulllfl 1.5 ml 

5.4.2 l�lJffl':iNff'IJ ligation reaction 'ITT'IJ191':i 5 µI il7mY-uvioll� 4.5.3 11�111.:i111-uJ111�.:i1;'.J-u11m 30 mli

• 'LI 1 
d "' o !ii "' "' 5.4.3 lll rn Heat shock ll water bath 'Yl�tll'IHJJ.J 42 C l1Jlll1nl 45 1ll1'Yl 
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5.4.4 Ul 'hJ Incubator shaker ��WlUJii 37°C mn 1.30 'IJ'1 fo-3

5.4.51911rm1vrn'l'l hw mn.J X-gal, IPTG 1m:: LB-broth 1'I-IOVl'nff1ll 30:30:40 µ11'1-llHIOVI Eppendorfmf1

, d,. "'"'"' 'I >' >' ,. • 'I.I d O • I ,. ' spread tl-3 ll LB-agar 'l'll.JfJlllOlJVl'IHlll 120 µg/ml nfll'IHlfiO'l-ll l1J OU'l'l 37 C u'i::l.JlW IO lll't'lflO'l-l

t O V I d ,c::t J1 I ,,l 5.4.6 'illfl'\.lll'\.llOOfl'illfl Incubator shaker 11n1'UllVlflV1::noll'l'l 3000 rpm nm 3 '\.ll'Yllln1vJVlff1ll1ff'l'H 900

µI �miio 100 µI vJvl spread U'\.IIVln't'l�IVl1tmH11n'1 1m::u11uou1u incubator ,r,,.itiu� 37°C

Q r/,. ,. ,c::t 
,::t ,c::t .::l1 JI I I 

.c:r, ,. .c::i, r/ 5.4.7 Vl'i1'il1!fl'n::'H lf'l 1nll'U0-311Ufl'l'l!'HJ'Yl 9l'illflfnlff-3tllfJVltllfflJVl 1vtfJ11f'll7::'H Blue-white colonies

' 

5.5 tm 1vl mi 1u 1u11ut1n1�u 1 �mn 11,i 1n-v111 v11v1 a� ua:: fll 'i vi 11\1uuuu m 1 « -:i d1uvta1 n-ilvi

A :II " ' "' A ., "' ,, ., "" " d 'I '" 
1 ,1 ,K 1 1 .,,,. !VIOlu'\.I f)l'i9l'i1'il!'lfrl11l.Jfn'i!'l/Ol.Jfl'U'UtHVlnlfflJ'fl!'UlflUVl!O'\.l!O't'lff'U 1 'ii m,::mon 'AfJ!tlfJ-31'l/0 fl n'l-lff'Ul1

J .. d IV q d-=t-=t d ,, ,, 
1 

d.d .d.l . .c:r,qq 1.Jllll'ln't'I l'\.10-3'illfl!'llnn'IJ0,3 E. coli 't'l'i1.JI01Vlnlff>J'fl'Yll.JVIIO'l-ll01Ul'Hl.Jltl!'Ul U 'iJ::>JfJll'l'l'AOVIOfJl!IOlJ'l'l'llnlll!n::VI
.,. d A "'.i !'I ,, ., .,. "" • 'I t'l1 ' ., .I 1 1 """' J tllfflJ'fl'l'll'l/OlJ'fl!O'U!0!1Jl'Hl.JlfJl'U1flUU'i!1WfJ'U /acZ 'I'll 1'11 1l.Jffl1Jl'Hlllffvt-300fl 'il,3u'ilfl{J fl nllff'U11'UllU'U!Vln'Yl

" J .,.d1 ,-=:1o::1 d "' .A • QI a .J , • ,, 1 1 1 -=td. r Q 1'1-l'Utu::'Yl!'l/nn'l'l l.JlJ'fl!Oll!OllJl'Hl.JlfJ!'l/OIJOQflUVrnlfflJ'fl'Yl\]flff-3\llfJ!'Ul U'iJ::tlnno f'l n'l-lfflll!•rntlll'Ul1Ullll'ln'l'l
• • 

fl�'U'UVIO'l-l9iO 1,Jij

' 

'" 11
"'

"' 11
"'

" ,1 ,K 1 5.5.1 !Mfl f'l nllff'Ul1'i}lfl!Vln'Yl I fl nun� 11-lOl'Hl'i!tlfJ�!'l/O LB-broth 3 ml ll'Hn09l'l'lvtn0,3'U'\.ll'fl 15 ml
-=.t.::t <=:t.Q.et. V ii ' 'l'll.JfJlllOIJVl'lln'\.lf11llJ!'UlJ'Ull 120 µg/ml Nff>JOQ 3 µI

5.5.2 '1111,J !'U01l137°C .,Y11Jft'W

"' ""' " YI >' 'I ,1 ,l • � • .Ji 5.5.3 9l'i1\11!fl'il::'H9l!O'WIO!u1'HIJlfJ'fl1fJfl17vJ'flffl'rn::n1fJ 1'WOl'H171tlfJ-3!'l/Ou7mm 5 µI l.Jl'l'll PCR '11-1
'I>' . ,d 

1 cl 1 
. . 'I t d 

1" 
,. .i d ..l'lf Primer t)'Yl 2 'flfJffm1::1m::1-30ll 'U'U0,3fll'i'l'll PCR YlllJ'iOU!lrn'U0,3fll'i'Yl111-l'U'\.IYIO'W'l'l 4.4 'ii:: Vl!!flU'fl!O'U!O'l'llJ

'U'Wl'fl 241 bp

5.6 fll'iffflvl'l'ttllffilvi (Plasmid mini preparation) 

QI Q r/ I r/ ,c::t d. d \1 ,,QI I q ,, r/d, ,,l -=I d ,, J. I '11M\J1nY171'iJ11m 1:: '11111'1/n nu Uf'l'Yl 11 fJ'Yl 1 'fl 1 u m1 n ,3Vltl 1ff1JV1!'U 11'1/n n>J 'lf'U v11ourn 1iJ1'11>JlfJ!'ll01J o Q
t O d..:t ,l d ,d, I d � QI ct. j/ QI @ GI I '11,J ,1\Jlflll'W'\.llfflrn::n1fJ'l'llJ!'l/Ol!Ufl'l'l!'ifJff1'\.l'Ylll1nO>Jlfffl'fll'ln7ffl.Jvt'fl1fJ'ljvlfffl9l Nucleospin Plasmid (MN) 'fl,3Yl0 I ll 

d-=t ,l .c::1.c:t t � v 1 ' 5.6.1 �'flffl'iti::nlfJ'l'llJ!'l/OIIUfl'l'l!'iU\Jlfl'U'\.IVIO'W 4.5.5 M 1'\.l'HnO'fl Eppendorf 'U'\.ll'fl 1.5 ml un1ll1 iJuu

d d .c:t �SI aSI 9lfl91::flO'U'l'lfl11lJ!'i1'iOU 5,000 rpm nn, 5 lll'l'lfllfJ IVl�W'HfJIJ'H0,3

I Cl .rl ,, q t ,, ,, QI ,, 5.6.2 �'flff1'W &ff'Yl-311n1!9ll.Jffl'in::nlfJ A
1 
buffer tnl.JlVl'i 250 µI \Jlfl'WllNfflJ1'11!'Ulfl'Uvl10 vortex mixture
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<I:\ ,, c, .11. QI � .. I :', ,, l, 5.6.3 l\lllJffl'H'l�tllll A2 buffer 'ITTlJl\ll'i 250 µI lltl11'lfflJfl'l-lv11llfllrntl'U'l1tlflfl'tWltlfl.:! llJlJl 6-8 flH lltl1\ll.:i

i.:iH 5 'l-llvi�fjW'HtJihfo-1 

.. ., � y � '1.1 t ., . 
5.6.4 l\lllJffl'H'l�tllf.l A3 buffer 'ITTlJ111'i 300 µl lltl1NfflJfl'l-li>11llfllrntl'U'l1tlflfl'Ylfltlfl<I 1ulJl 6-8 m .:i lltl1'U'I-I

'1 d .. , '1 ""'1 \llfl\ll�flfl'Uvl1f.lfl11lJl'i1'ifl'U 13,000 rpm 11tll 10 'Ul'Ylfllf.l \llflt\!'111,)lJ'Hfl.:i 

' , , .,l '1 .'I '1 d 5.6.5 �flff1'1-1 ffM '1-1 spin column l'l'lfl bind DNAmnu'U\llfl\ll�flfl'Ufl1llfl1llJlnrnu 13,000 rpm nm I

.. , ., .. ., 'Ul'Ylfllll \llfli.ll'111,)lJ'11fl<I 

.. - I';! ., .g ., � �. � 1 -- ., ·" 5.6.6 l\lllJffl'itl�tllll A
4 

buffer urnlm 600 µI NfflJfl1f.lfll'J�fl'lf'Utl<lfl'Jllulu\llfl\ll 'l-llJ\lllltl'Ju'U\llfl\ll�flfl'U 
" d "' , V """ fl1llfl11lJl'J1'rn'U 13,000 rpm 11tll I 'l-ll'Ylfllll \llfli.ll'111Jtl'11fl'1 

• '1 d "' , '1 "">I .,\ , '1 '1 5.6.7 U'U\llfl\ll�flfl'Ufl1Vfl11lJl'JTHJ'U 13,000 rpm 11tll 2 'Ul'Yl11lll \llfli.ll'111,)lJ'11fl.:! l'l'lfl '11 Column 11'11<1 
r, d 

, . ,, .q  
t� ., ,,d .c:i.jl d 

'illfl'U'UIUtlll'U'Ht'IVfl '11lJlltl11\lllJffl'H'l�tllll AE buffer 'ITTlJl\ll'J 50 µl lltl�\ll<l'Yl<I 11'Yl�W'111JlJ'11V<I 1 'l-ll'YI 

A ., d .. ,.,, "'., 5.6.8 u'Utl�tllf.l DNA 'illfl column mvmllJl'i1'j{l'lJ 13,000 rpm 11tll I 'Ul'Ylfllll i>lfli.ll'111JlJ'l1fl<I 

d J.c:1 .q d 0 

5.6.9 lfl'Utl'1rn�mvnJJ'VitllfflJfl'l'I - 20 c

5.7 tn1m1il'l1U'1vl'Ul'UIX (Sequence analysis) 

,! d d d OI O V V d 1 I t ,11 d �I QI 0 
1uv.:i'il1flfllfl'UIVIU'l-l\ll1fll'l1'Ufl'lffl\jtl 1unntl'n.:i ltlrni1 flllf-ll'l-l'YIH mRNA n.:iu tl111'\.l'il�lu'l-l\ll1fll'l1'1-111 

nn11ru��llt1fl.:ivvn hn�r1'U1'liaa 1ilm�v v101� vinvfl'ill-1� .:iii:iiiviJ.:ih.:imv mrn1rl1ri'u1utl''lfv.:iou�iivdi1mi-u 1-u� .:i�ii 

;ii11v1Wl/'Uflfl'I-I 1'liu small subunit ribosome RNA gene Jutl'llJl'rn'UllJllllill'UIYillUfl11lJ1mf;fllltl�fll'JifllUJ1fl'H�1'Ul;.:i 
.q � -=l QI � Ad-=l I \1J ik:SA' 

fl\l m lJ11i l'U\lltl {)fl 'ill-I mm flllltl'lf.111\lll'Ulfll'j'lf {l <!ff .:ilJ'lf1\ll\ll l<l'l I 11fl'lf '1-1 

...,S c, 4 c, Q ' dd , '1 .. 
11l'l1rnfll'JV'l-lll'l-lfll'i\llvll'lfV'lffl,:u&1Jfl'Yll'JV Wolbachia 'U�<ltllVUl'U (Aedes aegypti) 'i)lflfll':i'l'lvlt'IV<llJ 

,: A d d 1 1 t::t d ...A , ., .i, , f dd d 1'1 d J I CV .q 5. 7. I ltlll<ll'lfVIIUfl'Yll'i tJ'i)lfll'Vitl'l'I 3 fl tl'Ulflfl11'1'1fl 'HlJ'U 'i)'JllJfllfl'l-llfllul'HlJlll'l'll'lffllJt:lYflUVitlltl'lJfl 
t O ,: A ...A ..:!_  O J/ QI .q !/QI I, t d 

'i)lfl'l-l 'U'UllJlltl fl<ll 'lft)l'l'Wl'l'llJ'i)l'U'J'Ulltl 1ff fl\ll1J'j t1'1'11i fl-11'1/'U 'U'lf 'U\ll fl'l-l'Vl 4.5 .6 

QI i,I ,,  .q J/ t .,!\ ,�,,, JI j/ t O I 

5.7.2 1flfl1llJl'lflJ'lf'l-l'lffl'1VitllfflJvlfl1flfll OD260 l'l'W l11flfllfl11lJl'lflJ'lf'U 100-500 ng/ul 'illfl'U'U'Ulff<I

i1r1rn:ttd1r11J'U1flii1v 1'YIY111Jffl{1mfliv.:i ABI 3730 Sequencer (Applied Biosystems) �u1'!J''l'I First BASE Laboratories Sdn 

Bhd, Malasia 1flfl'UTGY<ir-huu1'!J'n Ward Medic Ltd., Part, Thailand 



21 

5. 7 .3 t1,.,f m.1nm11r1n::"Hrl'1i1Jil1r1nlv 1vi�nrn hwHi ,Jrnnrn NCBI

BLAST (HThttp://www.ncbi.nlm.nhi.gov/BLAST/blastTH) 1m:: hJmnrn Cluster algorithm (CLUSTALX) 
d, _f.! d o QI ct. d \} ,/ QJ tl QI '1 � l'l'IVlu'HJ'Ul'l'IIJ'Uf!lvl'U'U1flf! ltJ l'l'lvll'Ufffl'U Gen Bank 'UVOlllO'UtJ�hhJ-rnmll GenDoc MFC application (GENDOC) nm 

11,Jnnlfflllf) a1i1Jil1r1nlv 1vi�l'Uffli'l"U 11h9i'U 

,l "'"' "' .F- .. ,l ' � , � �., OlHl'nlll'l/Vll'Ufl'l'll'.ilJ Wolbachia 11n::1V11J'Uu'i1Jltufllrn'ill'l/V Wo/bachia vlVl'l/'1'1'UV�q� 'Ul1'U�l'lf'1'1f1'U 

mmru Housekeeping gene (RpSJ 7 gene) mrn,mmru copy number 'UV-lV'U �11J real time PCR hwH' Primer �ffllll'Hl 

llfJfl'l/Uvl'UtJ•:114v111Jfl'Yi� fj;; -11Yivrnim V'UiJijm IJl (Ct) fll'i tvillm 1Jltllffll'Vl'U7IO':i'ilJ'UV�i1mimf �«t1-lJ1 (duplicates) O'U 

,., ... I ct, ,I O Id, 4 ,K ,=t 

lff'UO':ilr11J1mjl'U (standard curve) 1m::11m1::'11fl1llJllll'l'l1::vlVfJ'U 16S rDNA l'l'ltlvl'nll!'lltl Wolbachia un::fJ'U RpS/7 'Utl-1 

q-rnwrl'1'U Aedes aegypti �11J Melting curve analysis ff1'UNfflJ'UV-liJijmv1iJ1::m1'U�11J 2X SYBR Green buffer mmm IO
d " ,, " I QI I ct,� ,=:ii t' , � ,, t- I QI 

µI, forward Im:: primer reverse primer 'l'lfl1llJl'U).l'U'Uq'vl'l'lllJl'l'llfl'U 0.4 µI vlV,Jt)O':ilJl lnt::lvl).l'Ul '11 1v1m1J1m'l'l�'l1).lvll'l'llfl'U 
.t .E ., JI .,l • • "' � >' 20 µI !Vrnurn1ruffwv1u1mrn9>l11J1mtl� 1llumma 1m::11m1::11Nnv111J Eco™ software

4.6 f11'.illff�Hfll'.iflvllf tl�1£11fi Fluorescence i11 situ hybridization (FISH) 

.::i, ?I ..::i. d ct, dcv � d, ,-=! t d 

l'l'lfl'Ufl FISH !U'Ul'l'lfl'Ufl'l'll-1Vt'\j'l111'1'11Jl'l'l'l'H9l'Ul'U'Ul'l'Hlfffl'l41fll'illffvl-rnVn'Utl.:J'l'I� DNA un:: RNA 1v1t1'1'1 
,, ,, d ' 

1 m-rnf 1.:i1'1fnn1li\l nvi1nw'l'i.:ii1u.:i«�v11n nv11111m�,Jnvv1siviv�nmV1v1n v-i ttnnm1: ri1u'Ut1.:i DNA «1mv1v1Yi9iv1 

d-=t I d. .c::I QI .::i. d
1i, <1d?1 I QJ 

mnn (labeled single-stranded fragment of DNA) 'l'lll1Jf111 "labeled probe" ).lfll'il'ifJ.:Jvl1'Utl-llJ1fl'1 V !'l'lvl'l'llu'Ul'UfftJff"n'U 

YI .,., YI t -. ,i, ,,, d .,:'.,,.'1:!'l"""" J'.,l� DNA l1Jll1"11Jfflmrnll'Uf)'U DNA !ullflJllJlJlJ!f)vl!UlJ "hybrids" flllJ 'ilfl11::V1111m�ff).j vl.:J'U'UIJ.:J !vi !'111'.lifllllJl'l'ltlflf)lll

fll'.illffvl-ltltlO'UV-lVlJ 16s rDNA (Gene expression) 'i1).IO-lf11'Hlffvl-ltltlf)'Utl-l lm.:ifff1-1,J1::'l11m (Population structure) 
QI A ct, _,ct. IV QI ,I ' ,I A 1:.1.:.1 d 

'1'1'11vlfll'rn'i::llllJl'lltl (Dynamics) 1m�fll'itn'ilut)ffl.l'l'l'U7I'i::l111-ll'lf'1'1 (cell-cell interaction) 'UV-ll'lltlll'Ufl'l'll'.itl Wolbachia 'YI 
"' ,l , QI \.') ,Ji d I v \1 QI d ct. .e:1.c:::i. _(OJ � Cl 91 SI QI ,:!. V 

v1v11'1/t1 UH 1'll'lf-ltlllll.lNnv1vnnllru�nn 1n'l'IH'l'l'U7Imrn ff'Vi::1V1v1 1�1J'i'l11vl un::m'.iu'i'Uvl1 1lll'UlO'Uff-1111v1nvl.l'Ut1�

q-1n1vrl'1'U 1!10 Fluorescence in situ DNA-DNA hybridization (FISH) [21] [30] 

o C\o v �o OJ OJ SI 

4.6.1 fll'ifllU1tu�tu't1<QiJffl't1nJ Hybridization 111.'l��tu'tt.fJ1Jffl'tt'iU'UUVU>Unl'.i1.'1H 

0 c:t, QI O \1 vv QI Jm1mu1ru�tullfJl.lfflllrn Hybridization fflmnnn 1v1v11tit,'vl'.i�M'U 

Melting Temperature 

Tm = 81.5 + 16.6 (log. Na+)+ 0.41(%GC)-0.61(%formamid�)-(500/n) 

Probe Wm 



VK-INTF = 81.5 + 16.6 (log 195x IO.3M)+ 0.41(42.86%)-0.61(20)-(500/21)

= 51.27°C 

.. 
Probe rlU0-3 

VK-INTR = 81.5 + 16.6 (log 195x 10.3M) + 0.41(45.45%)-0.61(20)-(500/22)

= 53.24°C 

Hybrydization Temperature 

Probe urn VK-INTF 51.27 -15 36.27°C 

,. 
Probe 'YlfJ'fN VK-INTF 53.42-15 38.42°C 

. . 

�.:itl'ur11milv'llo.:i Hybridization temperature 1'11lf1'lJ 37°C 

Washing Temperature fl1':il'l1ilon11�tul1iJii Hybridization 1.h::mtu 5 -20 °c \ltll'ut�l'11lf1'lJOQ1'W'Jf1.:i 42-57°C 

4.6.2 ,1'uvtO'U'\ltHfll1'lll Fluorescence ;,, situ hybridization (FISH) (Dako denmark A/S) 

'I .,q ,, ,, .i, q , " ... r ., .,,; "',, I) vllflff !?WI 1l1Ul1.:illi'ltlJ'W &'l111lJlJl1Vvl'Wllfllt'U'Wff li'lvl'Yl�tlll1iJl.ll10.:i

" 'I ., V 
I •q ,;., " •. I •. I _. d ., t2) i'll..:iff li'lvl\'11V Wash buffer vlVfll'ill'lf !'W'IJ1\'l'YllJ'lJTIITIO'i 1ilumn 3 'Wl'Yl 2 flH

22 

'I � !'I 
, ,l )f .,l V d 'I ,(�I.I"' �I ""3) 11.:Jff i'lvl 11 !'W Moist chamber VOV'lf'Wl'WOWO'IJO..:jlJvl�fl'IJO.:JQ.:JvlilJIO'W CJ/lJlrnJ'lf'Wlu'Wl1i'll 3 'Wl'Yl

�I.IQ Cl V I Q ,l ,l ..A ..d .:::. 0 (l1V\'IIJJJJ'lf'WYIO &l1'Yl1lJ'lJ'H1tll'l/'Wl'WOWO) 'Yl�tlll1iJl.l 37 C 

4) 11n'1wii«1lii�1u 10% Formalin 1i'hmii1 1 mvi

v , _. v 
I 

•q d .. " •. I • .I o/ �I ., t 5) m.:iff iiv1mv Wash buffer l'IVfll'ill'lf &'W'IJ1vl'YllJ'lJTIITIO'i lu'Wl1i'll 3 'Wl'Yl 2 fl'j.:J
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'i"'1 o GJ d " "  c:t ..A o a., 1:  6) ll'lfff n'f'I 'U 70%, 80%, 95% 1rn� I 00% IV'Vl1il'Utrn�rnrn1'f'11J't1fl1llJl'U1J'U'Un� I 'Ul'VI l'l'Hlfllll'f'l'UlOOfl 
.t .K .!i ,, ,t,,, ,, d "'" lllfl'lt'Ul'UOWO lln1'Vl.:J '1111'1N'Vl�tll'I-UJ1J'l10.:J 

.Ii 7) l'l'l0'11U'f'I VK INTF probe (5' fluoro TCC ATA AAG GCC ATG ACT) un� VK INTRprobe (5' fluoro
d-=r. ,, ct .c::t .c::t ,, ,, 1 ., _r.:! TCA TGT ACT CGA A TT GCA GAG T) 'Vl\l1'flflnlflmuffl•mo.:iuff .:Jff!'UU1 fl111Jl'UlJ'U'U 200 'Ul 'Ufl'rn lJ'rnltll 5-

1 i "� " . " " 11 "1 .,;,. 8 µl \l10ff n'f'I u'f'lmU Cover shp 1rn� seal 'f'l1Ufl111rn111.:iff 1n'f'I 'U'VllJ'f'I 

8) l\l11vmf.:i11.lrnnrn'IIO.:Jlfl�O.:Ji!l1Jn'f'll'lf0l H'�rumJii Denaturation � 94° C 1D-unn1 5 'Ullllln�

�tll'111Jii hybridization� 37° C 1D-unm 40'1711m (Overnight) 

'1 r1 .d. ,, ,, d � v ,A ,, 1 " d 9) 'Ulff 1n'f'loon111mmo.:i Hybridizer 11n111'lf 'U stringent wash buffer 'Vl�tll'113,Jll'l1fH 11n�l'l'ion1.:i '11fll1'VI 

il'f'l'U01J cover slip ttq'f'I 

10) u'li1-u Stringent wash buffer �11.:il-um�o.:i Water bath� 55° C 1D1mn1 10 'Uln'l'ff ollil'f'lr•hlfl�O.:i

Water bath 

t " 11 "" 1 •1 d-=1., " �I -=t t 
11) lllfl'U'Un1.:i« ln'f'l'f'l1U Wash buffer 'f'IVfll'Hl'lt 'U'U1'f'l'V11J1JYhvlv'j lu'Unnl 3 'Ul'VI 2 m.:i

I 
i ,, I 'I 

"1 • ., d ,, ,, 12) U'ltff n'f'llu 70% ll'ltff rn'f'I -u 70%, 80%, 95% un� 100% 1tJ'Vl1il'Uonm1Jnl'f'l1J'Vlfl1llJl'UlJ'll'Un� 1
-=1 -' o QJ f  � A. JJ ,, •t"1" "d �,, :'I .c::t 

'Ul'VI l'l'iOfllll'f'l'UlOOfllllfl'lt'Ul'UOWO lln1\l1lflff ll'f'I '1111'11-!l'VIQtll'11f,)1J'l10.:Jlu'Ul1lll 10 'Ul'VI 

13) il'f'I Cover slip 1rn�il'f'l'lltl1JffinYi'vi'-wm1

• ,- I ,, " I ,/ I 1 , �I ,/ d .Ii 14) 'Ul ut)mtmno.:iv,�OOl'jffl'lf'U\l1 Olympus 1-u SZX 9 'f'IU 'lt-n11\l10'j GFP 'Vlfl111JU11fln'U 488 nm 

4.7.3) nAumnuu 8\l1'alfll'rt1fl 

f I I/ t 

fi1mnm�01mV1J1llV1Jf1'U'j�'l11H'\1.:J 3 nqmi.:illlm.:in 3.5 

flt) 

pair of parent) 

I QI ,I d� .l ,:::Id, QI ., t QI ,, QI .c::t 
t]f-lff1J'l'l'U�'Utl.:JQ.:J'Vl\l1'fl!'lt0111Jfl'Vll'jV Wolbachia fflV'lrn� F 'Vl.:i\l11r;JUn�\l1111JV (Infected 

nqll B tio �f,lff1J'rl''Ui'Uo.:JQ.:J�iii1djv�Yll,O!l1Jflll�V Wolbachia mv'rl''Ui F fl1JQ.:Jl'l'lft'rj'uno'f'I 

140 Wolbachia (Infected female) 
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mjJJ C flO 

140 Wolbachia (Infected male)

I d ' Cl,/ ,I .d1t lc:ii l .cS d GI ,I : QJ ,, G,I .d, 
nqJJ D fl() t;ii:H'l'JJ'VIU'f\10.:JfJ.:J'l'l LlJ9l�l'lf0111Jfl'l'll'HJ Wolbachia ff1fJ'VIU1I F 'l'l..:J�1�111:1::m11w 

d q,, ?I (Control/ wild type) l'VIO 1'lf1UUnqJJfl11Jf)JJ 

6'11'i1nl1'J N 7,i

o U) I I CV 
Ni:1'.i1tHll'U1'U 1'\lmfllliJ n Vl1 

o I ., 

{ll'Ul'UlliJ n Vl1 

fi11utiumnvi'tlo-:ii'li 

, • •  1 

Eggs 

144 



KP111m1nn 

0 0 f U tll'l-flU\]fl\flffHllOl!ll n Vl1 x 100 % m1vfni'li n Vl1 

4.8 tn1llfl11::llm•UY091 (statistical analysis) 

A ,, QI ,, q ,, t ci,.ci ' d fl1'n.h::1lJ'IHYmrnu::'IJO.:JQ•rn1um'UlJflll1'1JO 1'lffll'Vl1.:Jfftw1 Independent t-test 111n hlrnnrn SPSS llJ'YI 12

Cl <'I Ciel , , ii , 1. m·rn�!'lftil!1Jfl'YU'nl Wolbach,a \.UfHtltJ1Jl'U Aedes aegyptt

25 

ihi�'IJO.:Jl�6'1 (Cimex hemipterus) hnJ'l 5 'l'lo.:i lJ11J'1�1tlffTrn::mt1tl''1'11'1'1ofmm�n 50 µI l'U'Hntlfl Eppendorf 
" ,S ., " .. ,K .... q " ., _, 'IJlJWl 1.5 ml mu Pestle ril'H'i1J1JvlQ.:Jlrn1llvlff1'rn::mm'lrnllml'Yll'rn Wolbachia 1uq.:imumw,nn::u1::mtu 0.2 µI 

,, .1'. ,, I d <d " Yi.:ilflJmhmlJ 41 9i1 mnmi.:i111mfo 48 i11lJ.:i'YnJ11�1muqmivi•fh1 26 9i1 fifl1tlu1uow11u91m1rnfl'lf1911'Vl1n1J 
� O d I d _,A JI i td t O G.I .-:!f. Ii I � Q./ jl G.I 63% (26/41) CJ/.:J\)f1f11'H'U'111J'Uc'U'YI G

0 
l'Vl01ll11<1 'IJl1J'W G

1 
111f1'U'W'U19111l0'1 \'1J'IJO.:Jl'i0vllrn::q.:imfff1'1 DNA 'Yi'iOlJf11J 

"> ,K I I ,K ,l, "> j/ "> 9111�ff01Jf1l'i9lfll'lf0111f1f1l'iff.:ifllfJl'lfO (Wolbachia transinfection) CJ/.:J911111ff01J1Jll1tu 16S rRNA gene 'tl1fJl'YlfllJfl PCR 

Lflfllfi'Yl'illJOf INTF2-INTR2 iiNn9lnmen DNA 'IJ'Wlfl 136 bp U'nf1t'J11Q.:in1t1tlllJl'Vlffliit1iu� Go �rnvi:ili91111f1f1l'i 
,c:1 ,lt Ct, A  't AQ/�,Vo AQJ ,/ ..d.:J.o A o � �vll'lfO'W'W 9lvll'l/0 46.1 % !'U<11'U111tl'W fllJ1Nn911ltll'Vl DNA 'Yll'YilJ\11'W1'Wl11f11'Ylfl'Ufl PCR 'IJ'Ulfl 13611Jff lJl'Yllf1l'inmn

0 QI Ct, ..::11 i " ,, ,A " Q,/ ., ® ,, I I A ,, " d -=l mrn1mfl1JlJ1n o 'Ylfl '11fJf1l'il'l/OlJl'IJlfl1Jl1f119lO'i pGEM -T Easy 11n1i1.:it11fJl'llOl'IJllCJ1nn competence 'Yll9l'itllJl11fl 

111Jflll�fJ E. coli fflflrl''Ul DH5-alpha 11if1n.:imn'YI LB plate m'Yi� 11 �iit11 llOlJvi�nlJ 'Yi�omf.:iNfflJ X-Gal 11m: IPTG 
QI .J o 1 1 -=l 

t -=l d r .ci :x <cS 1 1 -=t.:ci , r, .J c,i ,:. .x , MM�1no1JY1 37 c 11::'Yi1J fl n'WY1.:Jff'lf111rn::i1m1.:iu'IJ'W1J'Wl'Yin'YI CJ1.:imm:: fl n-wff'lf111mu-wY1\)fllnilnm1nt1.:i1'110 1-w
I Jo ?1 'J/ .d d. tl A JI Ct, Q,d, 'i::lf1H'U\1llu'W916.:J9l'i111ff61Jf11'il'l/6lJfJ'W 1'U'YinlfflJflfl1fJl'YllJf111i PCR (INTF2-INTR2) 
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fll'V'I� 9 V'U 16S rDNA '\lfl� Wolbachia bacteria '\l'Ulfl 136 bp, M; 100 bp DNA ladder, P; plasmid DNA of 16S rDNA
,, . "' ' ,, � a 

partial gene, N; negative, 111:1:::: Wl-Wl4; DNA \l1fi911fl01�Q·:i1:l101Jl'U91fll'lffl Wolbach/a.

>RpS17 sequence

ACATCTGATGAAGCGCCTGCGCAATAAGATCGCTGGTTTCGTGATACATCTGATGAAGCGCCTGCACAAC 

TACGTGCCGGAAGTGT 

d "' 
fll'V'l'Vl 10 O'U RpS17 (Housekeeping gene) '\Jfl� Aedes aegypti '\l'Ulfl 101 bp, M; 100 hp DNA ladder, P; plasmid DNA of

• • a1 1 91 Q J O GI  .<::1 

RpS17 partml gene, N; negative, 111:1:::: Sl-S5; DNA \l1fi911fl01.:JQ.:Jtl101Jl'U91fll'lffl Wolbach/a 111:1::::1:l1fl'IJl'Uff'\lfl�O'U 

"' ' 

11�n1:111 

!J) nf • 9/ S, ,J/ 9' QI i I 9/ ,! � 
0 111:lTnl Gel electrophoresis fl1tJ1'Ufl11tlliilJ'\l'U 2% (WWol) lttl�\l1fi'U'Uil111Nll1'UlJ1u6J.JI1'\lfl� Ethidtum bromide

111:1::::91':i1\lfffl'Ul!Cl'U'\l'Ulfl'Ufl� DNA IMnl'it')�llltlff�l�ff UV �10lfljfl� Gel Photodocumentation System (Bio-rad)

.. .,, J d _:!' .,. .. .A "l' "l' ,.9 ,.,1 ,J d .,\ , 
l'l'lt.l'Ufi'U DNA lJ191'ij1'U '11�'\l'Ulfl DNA VlllYl\lNJ.J'\l'Ulfl 136 hp l'Ufl�\l1fi !fl 11:l'UI1'U11J.J'lfllr;i1'U DNA Vll'lffll.lfl� 'Vitllff-

lJ�lltl::::ffnfl vttl1fflJfl�1!l'Jiflffflflllif 191':i1\lfffl'U'Ull1�'\l6.:J DNA
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.. 
'l' 1 .. � � 

0 

.. 1 .... _,.... .. .... 
111V fVI 11 l!fffl-3 lfl �l-lI1'1Jl111ll:::uml.:Jl-l 1-ll'l'i�l'I LB l'llJlllUt)'lf11-l:::mnm'l1nl-l X-Gal 1m::: IPTG 1m::: 

.:: . ':'I • ., ,J .... ., ., cl ?,  .. ., .. ,J
, ll101-ll-ll'llnl'H10lllm�ll11Jff (Sequencing) '\JlMl'l1tlll1Jfll'll'ilJ Wolbachia ffWVil-l]j F l'l'itlllll-lnl'illl-llll-101Hl�l'11tl 1-1 

'l�l�tl� 1�W'U1Nii1tt1illct1{1-1 DNA �1�i'1Jnl'il�lJ'Ul-ll�'illOll'lfl'Ufl PCR m1'1tt:i1J1iu'1t11J'l'imffii�'ll'U� pGEM®-T Easy vector 
<I$ � o'dc:1, I O CV \ o' \; ,/ p I I A ,1J j} GI 

'11.:Jl1Jl-ll1fll1itl'il'llJffTUm�1J11Jff'IJtl.:Jltll-l l'lllJ SP6 1m::: mu l'llll T7 RNA polymerase llt11ff-:icnv 'l'illlffllfll1fll11tlnll'IJ101J 
" d d dd Q) " .d � 0 d 1 jl O I O QI 

l'll�ll competence VllmlllJlllntl1JflVll'rn E. coli fflll'l'il-l]j OHS-alpha l'l'itll'l'ilJ'illl-111-1 DNA l'lffl-1 'illlll11-llff-311'i1'i111lll1�1J 

l1Jff�t) '111 �-:ili1hi'm11J11�1�1J'U1fl�1v 1Vl�'\Jt).:J DNA 911tlVHfflllmll°ViV1Jt11J�1i1Ju1r1�1v 1ll'l�'\Jtl.:JV1-I J 6S rRNA '\Jt),:j 

l "'.. 
.;.. l 1 ,. 'l! '1 'l! • ., ' • ., .. "'1 '1 .,,. l'l1tlll1Jfll'll'ill Wolbachia l'l11fll'l1tl l-llrn�l'IJ111tll-l Cimex hemipterus 11>1 Nl!Ol'i'l11ll1�1Jl1Jff'l'i1J11 mfl1Jl-11rrn tl l'lflllfl11ll

a Q,/ o CII .d .J d o 1 .d dc1 d f1i 111lltll-l01Jmfl1J11Jff'il10 GenBank (DQ399344) fH 98% identity '11.:JVllJl'l'ilJ-:J11111111-l-:Jl'I 55 l'lllnlrn'Yll-ll'I 'illO Adenine llll-1

. .J d ., ., .I"' ..,.., 
1
" 

., ., 1 
., ., Guanme '11-:JtlllllOV1'\Jtl-:J01Jnl'iu'i1J'\Jtl-:Jll1JflVll'ill 11111m:::n1Jfffln:::111,int:ilJ l-ll'llnnq-:imvmu 

� M n u u � a � " m m m m 
.... j .... j .... 1 .... j .... j .... j .... j •••• j .... j •••• 1 •••• j .••• 1 ..•• j .... j •••• j •••• j •••• j •••• j •••• 1 •••• 1 •••• 1 •••• 1 .... 1 .... 1 •••• 1 .... 1 •••• 1. 

DQ399311 

GO 

AGICMCMGC,CCCITA!C-G.>,G!C-C-GC!ACACM:GIGCTACAAIC-GIGGCTACAA!C-C-GC!GCAAAGIO:.CGAGGCIG.�GCTAA!CICTTAAAAGCCAICICAGTIO:-G.mGrACTCTGCAACTCGAGIGCAIGA 

Gl 

G2 

G3 

GI 

GS 

G6 

G7 

GB 

G9 

, , , •••• , ••• , ••• ,, , ,, •• , •••• , ••••• ,,,, •••• ,,, , ••••• , ••• G ••• , ,,, •••••••••••••• , • , , •••• , ,, ,, • , , , , •••• , ,, , ••••••• , •• , , , , ••• , •• , •• , •••• , ••••• 

, , , ' ....... , ... , . , " .. ', ... , ·• .............. '., .. ,, ".G.,,, .... , .. " ...... , , , •,," .. ,,,,,.,.,, ... " ........ ", .... , "",.' .. , ' .... , .. , .. 

• , , , ••• , , ••• ,,, , •• ,, •••• ,, •••••••••• , ••••• ,, ••• , •• , ••• G ••••• , ,, , • , •••••• ,. ,,, • , , ••••• ,,,,., •• , , •• ,, •• ',,, •••••• , ••• ,, ., • , ••• , ••• , •••• , •• 

•• , ..... , •• , ... , •• , '.,"" •• "." ... , ................. G ......................... " ...... ,,.' •• , .. ,," •• , ... " .. • ................... " ... 

• ,, •••••••• , ,,, , •••••••• ,, ., ••••••••••••••• ,, ••••••••• G ••••••••••••••• , ••••••••• ,, •• ,, •••• , •••• ,, , ••••• , ••• , ••• , •••• , ••••••••••••••••••• 

• ,, •••• , •••••••• , • , •••• ' •••• ,, •••••• , •••••• , ••••• , •••• G •••••••••• ' •••• , ••••• , , • , ., ••• , •• , • • ••• , •••.• ,. , •••••••• • •••• , ••••• , ••••••••• , ••• 

••••••• , ••••• , ••••••••••••••• , •••••• , •••••• , •••••••••• G ••••• , •• , •••••••••••• , , ••••••• , •• ,, •, •••••••• , •• , •••• ',, ••••• , ••••• , ••••••••••••• 

•• , •••• , ••••• , ••••••••• , ••••• , •••• , •••• , ••• , •••••••••• G •••••••••• ' •••• , ••••• , •••••••• ,, ••• • ••••••••• , •••••• , , ••••••• , ••••• , ••••••••••••• 

•• , •••••••••••••••••••• • •• ·• •••••• , •••• , •••••••••••••• G ••••••••••••••••••••• , ••••••.••••••••••• , •••• , ••••••••• , ••••••••••• , •••• , •••••••• 

m'l'i'Vi 12 Demonstrates the extent of J 6s rDNA gene fragments of Wolbachia bacteria endosymbionts which naturally 

infected C. hemipterus and transfected Ae. Aegypti (Generation zero to nine; GO to G9) 

A A dA ., ., 
tlrnlllll'lltl Wolbachia Vl11�11-11'11llllQ-3 11'1/M (Copy number of 16S rDNN Copy number of RpSJ7) 'illOOl'i 

0 ,. I ,::t. ' I I -4 ct ·2 .J O 
1 

d flll-11ill 1flll Quantitative real time PCR 'l'i1J11llflltl�'i:::lf11'3 9.2xl0 o-:i 9.9xl0 copy genes '11-:Jflll-11ill'illONa 1-1111n:rn 1 
' ' ' 

i1llt11J fll'l'i°Vi 13 1m:::1tl'il-:J°Vi 2 i1llt11J fll'l'i°Vi 13 
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d n,I d GI I ,, J/ .flTYiVI 13 O'Hrtllil'�Nf11'i amplified fl'U 16S rDNA 'IJV.:J Wolbachia 'illOlil1Vfll.:J�.:JaW1Jl'U (Aedes aegypti) '11fl

Quantitative SYBR Green based real time PCR, ffl'Vll flV Lff'U STD 'UVnL'l1UV'illOffl'VllflV�.:Ji1mh:i (iw) ua�

m1�ui1111-:imm.J�arniiuuili1rnuri'UJ6S rDNA nrnifuml�llllil'i'Jl'U ('1117) Slope:-3.14507699 (-2.8 to -3.6); R2 :

0.995; Efficiency%: 107.95 (90-110%)
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Sample•- As$i11f Namc M2r� a; CqMoan .Std. Der,. � ►-q:y. Std.°""· l,nl 

Qu,s,llty 
NiSJ!i( 1 Standard 33.97 33.97 ff/A 9.71,1 9.71:1 0 81.l 

- Assay 1 Posll:Ne 20,87 20.96 11.14 l.46e+ll5 1)62)0..8 13fj33.0l 81,t 
l'lflB Assay 1 Posll1'-e 21.06 20.96 0,14 1,26e+OS 136231).8 13tl;l;l.03 81.1 
1'10hAe09 Assay 1 Unknow,, 32,17 32,21 0.07 37.27 36 1.79 61.1 
\\ClhAe.09 Assay 1 UnkncYl;n 32.26 32.21 0.07 3'1.74 36 1.79 81.1 

AssA'f l Standard 31.13 31.06 0.09 97.11 97.8 0 81.1 
ASsa'( 1 Staooard ll 31.06 0.09 97.8 97.!I 0 81.1 

\\Oh Ae 01 Assa'f 1 unkn"""' 34.48 33.94 0.77 6,Bl> lUl3 5.89 81.1 
\\ClhAe 01 Assay l l.lnf<now.n l3.:l9 33.9'1 0.77 15.19 11.03 5..89 81.1 
\\Oh Ae. 010 Assay 1 llflkt'IO\Nfl 34.27 34.7 0.6 7,9$ 6.12 2.62 11..8 

..at, Ail,. 010 Assay l unknown 35.13 34.7 0.6 4.27 6.12 2.62 81.1 
Assay l Standatd 26,% 26.96 ff/A 978 978 0 111.1 

\\ClhAe 04 Assay\ Unl<now.n 33.45 33.39 O.O!I 14.54 15.25 un so.a 
\\ClhAe 04 Assay 1 Unl<now.n 33.32 33.39 o.w 15.91 15.25 UH 8D.8 
\..OhAeOU Assay 1 unknown 31.82 3L&6 0.22. 48..06 54.21 8.71 ilD.8 

l'ldhAeOU Assay l unknown :U.51 3l.l;6 0.22 6Q.37 54.21 8.71 BO.I! 
IW,a,/ l Standatd 24,81 24.46 0.51 9780 91$0 a 110.11 

Assay 1 $tanda,d 24.1 24.46 0.51 97Bi> 9780 0 SO.B 
l'ldh M 05 Assay 1 unknown 34.62. 35.1 0.68 6.17 4.62 2.2 80.8 

..ah Ae. 05 Assay 1 unknown ]5.SB 35.1 0.68 3.07 4.62 2.2 80.8 

l'IClhAe.013 Assay 1 un""°""" 31.71 32,13 0.61 52.25 40.08 17.21 81).8 

\\ClhAe 013 Assay l IJokru,-Nll 32.56 32.13 0.61 27.91 40-08 17.21 80.B 

l'dsaV 1 Standard 21,41 21.76 0.37 97800 97800 0 BD.8 

Assay 1 Standa,d 22.H 21.76 0.37 97800 97$00 0 80.8 

Assay 1 Standa<d 21.74 21,76 0�7 97800 97$00 0 80.11 

Yidh N!. 06 Assay 1 l)nknpwn 33,68 .ll.&] 0.21 12.26 11.06 1.7 80.8 

\\OhN!.06 Assay 1 unknown 33,911 33.l!J 0.21 9.86 11.06 1.7 BO.II 

u,rnrected Ae DN • .- "86a!f 1 N!!gatt.-e 35.17 35.62 o.63 •U2 3.13 l."1 72.7 

uninfected lie ON ... Af&y 1 Negatlile Jo.07 35.62 0.63 2.14 3.13 l."1 72.4 

Af&y 1 Star.:lai<I 18.17 18.l 0.1)9 978000 970000 0 81.1 

/Issa'( t Stardar<I 18.14 11"1 D.09 978000 97l'Kl00 0 BU 

Assa'( I St,mdatd 18 U!.1 0.09 978000 976000 0 81.1 

1,0h N!. 07 ilssa'l 1 Unknr,wn l4.7!l 34.17 o.sa 5,49 7.74 3.18 81.l 

\\Oh,V,,07 MS.li/ 1 l!nkn0\11!\ 33.97 34.37 o.sa 9.98 7.7-1 3.18 BU 

waler Assa!( l NTC 34.92 34.92 fl/A N/A It/A NlA 72.4 

/16,Say l NTC 38.13 38.13 II/A N/A fl/A II/A 71.l! 

,ml�� 4 llffY!�mrn�m,rnu copy gene of l 6S rDNA 'IHH Wo/bachia 111ni101h�q-rn101l'1u (Aedes aegypti) 1'1-l Mean Qty. 

(red column) �1fJ Quantitative SYBR Green based real time PCR 
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S..mploll>mc /us,J/ll1mc A<soy lie!• Cq °'""""' $Id. o.-,. Q>.lmll:)· Mc.nQty. std.°"'· frnl 
�lly 

Assay l Standatd 29.24 29.01 0.31 69.7 69.7 0 Bl.2 

Assay l Standard 29.12 29.0l o.:n 69.7 69.7 0 Bl.2 

Assay 1 standard 28.66 29.01 1).31 69.7 69.7 0 83.1 

I\Oh•AEOl Af.sayl Ullknowll 20.31 20.31 a 53019.94 S30\l6.W 108..!!6 82.9 

l'IClh·AEOl /16Say 1 Uoknowll 20.3 20.31 0 53174.!14 S30\l6.W 108..!16 82.9 

1'10h•Ail010 Assa'J l 1.Jnb'IOWll 20.28 2lt3 0.03 54200.14 53297.03 1288,51 BM 

\\Clh•Al!(ll 0 Assay l unknown 20.3:i i0.3 l).Ol 52385.91 53297.0:i 1288.51 81,9 

Assay 1 Standatd 26.78 26.67 0.09 697 697 0 Eii.9 

/lssay I Stand..«! 26.6 26.67 0.09 697 697 0 82.9 

/lssay 1 Standard 26.63 26.67 0.09 697 697 0 82.9 

1'1Clh•Ae04 Ms?.'( l \llll<natlll 1�1.96 19.97 0.01 66007.8 671'!1.32 34(1..$11 82.9 

1'10h-Ae04 N.say 1 unf<tlO'tlll 19,97 19,97 0.01 67514.83 67761.32 348.58 1!2.9 

\\Clh·M011 Assay 1 unknown 20.53 20.!ii D.02 45110.5$ 45555.62 629.42 82.9 

\\Clh·AE011 /lssay 1 Uflknowll 20.51 i0.52 o.oi 460i)().69 45555.62 62!U2 82,9 

/lssay I Standard 23.'13 23.39 [l.11 6970 6970 0 82.9 

�(I Stand;,,d 23,47 23'3? o.u 6970 6970 0 82.9 

Assay 1 Standard 23,26 13,39 o.u 6970 6970 0 1!2.6 

v.Oh-Al!OS Assay l unknown 26.58 26.53 0.08 STi.8 5'97.21 34.Si Bl.9 

1.0h-Al!OS Assay 1 U!lknown 26.47 26.s:i 0.08 6il.62 5'97.21 34,52 81.6 

Y1Clt1·AE013 l'&ay 1 U!lknown 20.69 20.59 o.u 10404.64 13483.0S 1353.57 82..6 

1'1Clh•Ae013 Assa'( I Ullla'latin 20.49 20.59 0.14 46561.52. 434113,05 4353.57 82.9 

Ms?,y 1 St,uld;,,d 19,87 19.9(i 0.14 69700 69700 0 82.':I 

A55ay 1 staooaro 20.12 19.!16 0.14 69700 69700 0 82.9 

Assay 1 Stal'ld;,,d 19.89 19.ll6 0.1'4 69700 69700 0 82.6 

\\Clh-AEOO /lssay 1 Unkno-,wi 20.6i. 20.37 0,35 422:&4.8"' 51505,19 13039.54 aM 

1'10h·Ae05 I\SSay 1 Unknown 20.12 20.37 0.35 60725.54 51505.19 13039.54 82.6 

Bedt<.1g Assay 1 Nega!Ne 36.H 36,14 N/A 0.5$ 0.58 N/A 8D.2 

Bedbug Assa'/ 1 Negative H/A 36,14 f�A N/A 0.58 N/A N/A. 

Assay l stardard 16.75 16.92 0.15 697000 697000 0 B2.9 

Assay 1 stalY.fard 17.03 16.92 0.15 697000 69700J 0 Si.9 

Assay 1 Standard 16.9!! 16.92 0.15 697000 697000 0 82.9 

1'10h•Ae<l7 As.•,ay l I.Jnl<nOi'lll 20.56 20.62 il.O!I 44121.8! 42326.95 2538,3i 82.9 

1'10h·Ae07 Assa'.( l Ll<ll<nO'tlll 20.68 20.62 o.os 41:631.09 -t2326.95 2538.32 82.9 

water Moa'f 1 NTC 27.53 28.81 1.61 N/A N/A N/A 76.3 

�f Assav 1 NTC 30.09 28.ljl 1.81 N/A N/A N/A 76 

Assay 1 Standard 13.34 13.21 0.11 6970000 6970000 0 82.9 

Assa'/ 1 standard 13.12 13.:U 0.11 6970000 6970000 0 82.9 

Assay 1 Stand;,,d 13.17 13.21 0.11 6970000 6970000 0 B2..9 

V.Clh•A� ASsay 1 unl<no-Nn 26.65 27.27 o.6 472.96 JM,2 153.i!.2 76.6 

110h·AE09 /\SSay 1 U!lknown 27.7 27.27 0,6 255.43 JM.2 153.$2 76.6 

rowatet /lssay 1 NTC N{A N/A N/A N/A N/A N/A N/A 

1v.1 watet Assay 1 NTC N{A N/A N/A N/A ff/A N/A 82.9 

Yll'H3� 5 llfffl�llfffl•nfhntu copy gene of RpSJ 7 'lltM��irn.1tl'1ii (Aedes aegypti) (red column) �1f.l Quantitative SYBR 

Green based real time PCR 
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II II ., 

., . 

lll'Vi� 14 m1vlml'�·:lfll'.i amplified au RpSJ7 '116-:J�,rnW�llJ (Aedes aegypti) ;{11J Quantitative SYBR Green based real time 

PCR i11'1'11 �8 ,�u STD u8m11umnni11'1'11�5�-:ii1mh-:i (�w) 11":;m1vlmrn-:i111m.l�1J111vimnJ!mwou RpS17 n1J

1�um1vlllllll'.iJllJ ('1111), Slope: 3.19 (-2.8 to -3.6); R2

: 0.996; Efficiency%: 105.80 (90-110%) 
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c! .et. J  'I SI 4.e! I Ji -=tct ,, 
2. Ol'ifl01llt11'i\Jl�l'llfl Wo/bachia 1UfflillfJ1JlUl'VH>fl01llt11'itmJ't1fl�l'llflll1Jfl't1l'ifJillOl!il\H)O 

fl1Hl'I'HIO'UV'Ufl11��114m1rn1vi1�£J Wolbachia ffWi'U{ F 11-Jq,rn1au'1'U Aedes aegypti 'l�,h DNA '1Jt1.:iq.:i1'Ui'U� 0 

i.'i-:iitJ� 9 lJ1ffflll1l�JJ�7'U1'U�1£J PCR Vj1J11iinm11£Jl'10�u401m::i1Ji'l.:i�m::J.:iitJ�1�1 i.:iml'j� 15 m1::ii1::ium1 

owl'10�1�0�'hil'l.:i�a.:ii'U�1�, 

tested) 

60 

e 50 

' 40 
30 

20 

'#- 10

0 

0 2 3 4 5 

Generation 

6 1 

n -100 

6 9 10 

flll'jfi 15 Demonstration of transformation efficiency of transfected Ae. Aegypti, (n= number of mosquito sample 

.et. Ji  -=t.CS Sl .et,ct 
3. Ol'.i\Jl'i1il!Jfl1JOl'i\Jl�l'llfll!1Jfl't11'ifJ�1fJ1fi Fluorescence;,, sit11 Hybridization

ll'li'l"Ui'l FISH (Fluorescence in situ Hybridization) l�'Ull'li'l"Ui'll'11·-ltl�,h1l'l£Jl�ivll'Ul,f 'Ulviutrmnn1rnff�.:JtHlfl 

'llfl.:iJ.:i DNA mi:: RNA 'llfl.:JV'U�ff'Uhi .:i1tJ111£Ji1�1,ia'l�ff'Uhiffmnmrnff�.:iuun"1Ju.:iotJ 16S rRNA '1Jt1.:i1�0111Ji'lvi1�£J 

j) d .Jq d d I d.::1 ct Ill 
Wolbachia �1£J DNA ffWl�£J1l'l\JlWiHllfl (labeled single-stranded fragment of DNA) l'll'.i£Jfl11 "labeled probe" l'lJJfll'.il'.i£J.:J\ll1 

'\Jfl.:J"U1i'l�1u 
1

ll'lYl�l�'U�ffJJfl1J DNA 1ilrnmmm::ff1JJ1rnli1Jfl1J DNA 1'1'JTHlJ1£JJ'U1n�l�'U "hybrids" fl1£JMfftm::� 
. ,, 

I d d� ef, q QJ l,11 QJ I Ill 
j) 9} 'If 

I .:!I, 
1'11JJ7::ffJJ \llfl£J'U 16S rRNA 'llfl--l Wolbachia l'l\ll\Jll'lffl 1'UH '\J \Jl1flfl'U !l!;l::fltu"il:: '\Jfl.:Jq.:Ji;ll£J1Jl'U �1£J 1Vj'.i1J I tJ i'lfl VK INTF 

probe (5' fluoro TCC ATA AAG GCC ATG ACT) 1m:: VK INTR probe (5' fluoro TCA TGT ACT CGA ATT GCA GAG T) 

.. .,, 
l 

d dc15.. .,, 'i' • d _>j .J ti . 5.. .,, .,, \Jl\JlU. i;llfl� 1£Jffln' � flfll'.i'l/'Ul'llJ'CI I'll £J1 lli;l1\ll'.i11lfffl1J fl1'.i Hybridize '\JtM I 'Vl'.i1J\llfl£J'Ul1Jll1JJ1£J'l/.:J1l::I i;l.:Jllff .:ir1 I'll £J1\Jl1£Jfli;lf),,l 

vl�t1fl!'.iffl'll'U� 1rn::111unir0.:ii'lt1'U lvlflu" 



.J SI ,! v "I ' 

.fllV ft'l 16 .fll'W'illflfltltl.:.1�9tHll'iiYl'IIUVI (H I'll) 

a. f:i1'1i'hJ��l'lltl (Uninfected ovaries)

al 

' V 
� 'l' do:::,, � d d 

b. H 'll�.:.1'1'1\ll\ill'lftll!Ufl'l'll'HJ Wolbachia (Infected ovaries) 

bl 
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a2 

b2 

11l'Vi� 16al mi:: 16a2 tiu flll'l'llti-:ii'-:i'l'li�'l:i.l�\ill4auur1vi1'.lv Wolbachia 'ff1'Uflll'I� 16bl i'rutim�'Uflll'll�V1tl'Utl1J 
.d, � Q.I \

1
1.d,q � d d J} d � _9 d 

� flll'IVI 16b2 fltl flll'l'lltl.:.IH 'llVl\il�l'lftll!UflVll'WWo/bac/iia U'<l'\il-:ihmm!u'U�\lln!'llV1 (ijflff'.i'lfJ 

L\ilVflll'I� 16al 1i'.l"Uml'l�ri1mnnvhu111u1'1la-:iu'<l'-:i Light ri1uml'I� 16a21i'.lu�ri1mnnvl1;111>1a1 GFP 'llti-:ii'-:i1'1i�1li 

��14ui-:iJJu-:i'l111i'.l"U�\ilffl�V1'1lti-:i'<l''<l'uvl�am1"1'1'll'U� ri1"Uml'I� 16b2 tiu flll'li'-:i'l'li���14u�ri1mnnvl1;11\ila1 GFP 
I ct Q,I d � 0 1 ,, d ,, .9 d 

� 
d .,.J Cl, d d 

l'lf'Ul\ilV1flUfll'VIVI 16a2 IMVl1 11JJtl.:Jl'lf'UOl'jff::V1tJ'UU'<l'.:Jr1l'IJV1 (ijflff'.i'lfJ �lfl'<l'uvl�titl11'<l'l'll'U\llVl�fl\ll\11Ui;llflVI tvlrn'll-:i 

�lll'll::�u{uri1ua'U 16S rRNA 'lltl.:JUllfl°Vil'.lV Wolbachia �911!111U.:Jl�V1tl1J1-l'l'li1uml'I� 16bl �-:i1i'.luml'li'.:.i1'1i�ri1v�lfl 



c. i1tiouo�lu1ifmto'\lo.:ii'-:i 'l,l�'hJ�,1140 (Uninfected ovaries and embryo)

cl 

SI I I SI 

� ' 
,, 

.:!I .:!I a,, ll '"''l '"' "' 
d. \Pl100UOg lllllOW0'\10.:JH '\l'VI lJ��l'l/0 (embryo in infected ovary)

di 

• 

34 

c2 

d2 

d_ d 4 a,, a,, I ,d I ,J J. a,, l ,.J 'l lq _J I d. mvrn 16cl lll:'I� 16c2 1uumVH�t11nu'lfo.:i�1oou'Vloglummt10'\IO.:JH l'll'll.:J lJ��l'l10 Wolbachia "1'1llfll'Yi'VI 16dl

lll:'I� 16d2 1rlumw'llo.:ii1tiouluici'mto'Uo.:ii'.:i'l,l���14ourn1viiiu Wolbachia i.:ia1mrn1Jo.:i1iiu11a.:iiMu1'1fo.:ia11vl�oo 
,I\ jJ d � l':ial'l/ll� l� (�Otl'':ia'Ul1'll) 



11niil t1 m-wmnnira.:imiuT-rlr1,rn d'.:ii,h 

' � 
Q} "' ldll ·� "' 

a. N l'U'Vl lJ��l'IIU (Uninfected ovaries)

al 

b. f.:i1'1l���14u (Infected ovaries)

bl 

35 

b2 



' 

,cf, II .. .I 
J � ' 

lll'VlYI 18 .fll'Vlill0008.:inQ881'Hl'l'IIUfl (fl188U) 

a. 9i'1tfou1ii9i�14v (Uninfected embryo)

al 

b. 911tltlU��14v (Infected embryo)

bl 

b3 

36 

a2 

b2 

b4 
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.fll'l'i� 18al Ill!� 18a2 1i!Ufl1Vi'IJV-3\P116V'U�'l,i�,11im1mrniiv Wolbachia Wvlm,iv{'IJV-lll'tl'-3 Light ff1'Ufl1Vi� 18b2, 18b3 

� d � ' � ,1 ' � ,, ., •. I ,,,. • �., d ., s d Ill!� 18b4 IU'U'l'lfl1VV'Ufl,ll'JIV mmnflnlllfl{)'j GFP 'IJV-lflllV-3TI�VVl'i'fl'l'll'U\il �Mvn 1'11lJV-lll1Ufll'i't\'�'1'1V'Ull'tl'-3-c11'1JV1'il1fl'tl'1'i 

vl�vv1rn1'111-1�� CJfl�,l�ll1fl�ivmJ�-3'ill'l'i7�\livi1-1ri11-1£i1-1 l 6S rRNA 'IJV,'.Jll1Jfl'nl1V Wo/bachia ff1'Ufl1Vi� 18b l fiV.fllVii'-3 

' ,.d. I � .J. d .d. CV CV ..d. 
l 'U'l'lCllV'illflvllllflV'ill'tl'-3 Light '11-l!U'U.fll'l'il�W'Jfl'U fl1Jfl1Vi'l'l l 8b2 

.fll'ftn 19 .flU'HllOOllV,'.JflO'Ulrlrrntl (911'10'U) 

a. \P116V'U'l,i�,114v (Uninfected embryo)

al 

b. \P116V'U��l'UV (Infected embryo)

bl b2 
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b3 b4 

76 

b5 b6 

� � QJ I d.ct. � .cS .cS ,, ,, I QJ I V 
ll'fl� 19b6 (clnFl''i'lfJ lUlJ\ll1tHllJ'Vl9l�l'IHl!l1Jfl'l'll:HJ Wolbachia mlJ'\JVI 'ff1lJ111 (Anterior pole) ll'fl�'ff1lJ'VlltJ (Posterior pole) 

V 

'\JO..:J\l1160lJ 1:11Wl1Vi� 19b41:fon9l'illn��ffl;tl1'\JO..:J1Virn�1fow\1nf'l''i !!'fl� fll'Vi� 19b5 1rlum'Vi'\JO..:J\l1160lJ���l4o 

11rn1viifo Wolbachia 1:fon911�1.J��ff111�0..:ihi'l'li111o�tl'flltl\1nfl''i 1�auffiumfo,jlJffll�..:J'Vl 1�adwmm11nvl'fll9101 GFP 

<J} "i .. .l d O q !)} cf J/ g d I d .t.d .ct. d
"i' 

.J, 0 I 
'\JO..:Jn'flO..:JfiOlJ ll'1fi0'fl IH'Vll 1 l1lJO..:Jl11lJ nl'i'ff�'VlOlJll'ff ..:JI'I l'\JtJ1'illn'ffl'iV1\1 OOl'i'ffl'lllJ\ll'Vl�fl\ll�'il'fllfl'Vl I 'Vi'ilJ'l/..:J'illl'Vil�\llO 

iuri1uau 16S rRNA '\JO..:J!lllfi'nl�tl Wolbachia 1:111.Jfll'Vi� 19bl fio mVii'..:i'J,i�rlW'illflvl'flllllOfo'ff..:i Light �'11,jlJfll'Vi 

d Ill QJ d 
l�tJ1fllJfl1Jfll'Vi'Vl 19b2 
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c. '.i:::1J1J'l'l0 Mulphigian tubule

cl c2 

m'Vi� 19cl 1m::: 19c2 l�lJ.t11Vi'U0.:J'l'l0�1-Fl llJ"\'11.:Jl�lJlf11Jh91�14m1rn1viifo Wolbachia 1�vfo1\ll0{ GFP 'U0.:Jfl"'0.:Jfl0lJ 1 vl 

r101;1 �.:ivi11 ir'IJ0.:i1ilu ��'ll0.:i11ff .:ii11�t.11111nffnvliJ00mn'lluv1�fJfl91�'ilmfl�l Virn�.:i�11'1'i1:::�0iui11uiiu l 6S rRNA '110.:J 

111lflvil�t.l Wolbachia 1unrn� 19c2 ffl'IJl'.if.H1.:Jlfl\lllMlJ�mm1:::'1l0.:J'V10'l1\llrnlJ (1h1wunFf'ii> 

c3 c4 c5 

"' dt • • � � ,,,, s "' � "' " ,- • 
m'Vi"l'l 19c3 LlllJflTVl'll0.:J"l'10\lll.:J'l tm:::1J1JI11J'VilJ�t.10'1Jn DAPI 1"1'1t.11Jfl1Jm'Vim'Vi"l'l hybrids \ll1t.l 1v1rn 1rn:::m'Vimt.1111n 

' ,, 
� ,, ,. �,, � .I,, ,, ' ,, ,, "'� "' d"' 
Yli;ll\l\0'.illff.:J light !\llt.l !\ll fffl\lllllflff0.:JlJl;l0.:J"\'111J'll0.:Jff1lJ"\'10.:J'll0.:Jq.:imvmu"\'1\ll�l'l/0111Jfl"\'11'.it.l Wolbachia

d q ,,� .- ,, •. I d .- ,. o q ,, d 5 a •. I d ,,.,. � 
l'IJ0 1'1/i'11;ll\ll0'.i GFP 'll0.:Jfll;l0.:JYliJ001'.iffl'lllJ\ll 11.:J"\'111lf'IJ0.:JllflJ�\ll'll0.:Jllff.:JI11'1lt.1111lflffl'.iYliJ001'.iffl'lllJ\ll"l'1 fJfl\ll\ll 

'il"1fl�l Virn�.:i�ll'Vil:::�0iui11uiiu l 6S rRNA 'U0.:Jl11lflviL�t.l Wolbachia i.:i t'Um'Vi� 14c3 (l�'Ufll'Vif.l11Jlllfl1Jimu1�t.111111 

fll'Vi� 19c4) ff1mrnri'.:ilfl\lllMlJ�\llfttl111u (VmoonFf'i,h l\llt.1t.111Jfll'Villlflvlm\ll0{ DAPI �!Jfl Stains �1t.1ff1rn:::mt.1 DAPI � 

C), C), d d' a,::I Q,I d .d ""t ,, � Q,I 
d'"t " c(m11ruu11r11;1t.1ff'll0.:Jl'l/l;ll;l L"l'lt.11Jfl1J 4.19c4 (hybridize) 1rn:::m'Vi"l'l 19c5 "l'lllff\ll.:Jtlf 1m.:iff'.il.:J'U0.:i1:::1111n1J'Vi'U� 1\llt.1l'llvlm\ll0'.i 

.ct ,, d I ct.o::::I C), l dd 'J) " c( ,, 
'1l0.:i11ff .:i light 11.:i11ff\ll.:Jt m11u111nm111n11\ll\llL'll0111Jr1V11'.iV\ll1t.1 FISH ff1mrnfo111ffm'Vi LflHff'.il.:J'll0.:i1'111;11;1 'llllmh.:iii 

iJ'.l:::i1"1'11lflli'I 



lllfiTI 20 lllfi'lllllmf tHflOU Tvfooa (aw'l'I:::) 

� '1 ·� "' 
a. OW'Yl:::q.:i ll\91�1'110 (Uninfected testes)

al 

a 3

40 

a2 

a4 

fll'l'i� 20a3 (200x) 1rn::: 20a4 (l00x) l�'l.lfll'l'il1ioito'IJO•Hiw'Yl:::'lrn.:iq,Hn1Jrl'1u1'1'iff��'lii�Y1140111Jr1iM1J Wolbachia (l'lf'I.I 

"' d ' et " .J ' 1 , "et " " 1-,I ,. • 1 ,, '1 ' ,i IYllJ'Jfll'l'i'VI 20al, 2 (lllJfllmnnnm\910'.i light) 'lf.:iOllJfll'l'i �IJ 'llnal\910'.i GFP 'IJO.:JflaO.:JrlO'l,I nmrn M'Vll lflJO.:J llllf'l,I�� 

c::t d lf'.d ct. d. d I .[ ' cl d d I s
'IJV.:Jll'11'.:Jffl'IJIJ'J'illfl'11'7'.ivl\lOOlrn'l'lf'l.l\91'Vl\]fl\91�ijalfl'VI 1vtrn'lf.:J'ill'Vil:::\910'11'1.1'11'1'1.1V'I.I 16S rRNA 'IJO.:Jllllrl'Vll'.i V Wolbachia '11'1'1.1 n 

c::t .d  d � .:!t !5  � cv ,.! 
l'IJV'J'VllJO.:Jllf 'l,l 'l,l'l,lr) o -n '\JO.:J'l'i'l.l lf a.:J'IJO.:Jfll'l'il'VI l'l.l '1,1



41 

b. tltu'l'l:::q.:i��l'!fV (Infected testes)

bl b2 

d � J .d (L/ !ii s,d .e. l -=1 .o::1 11 ,.,� o' 

llWl'l'l 20bl (200x) m1::: 20b2 (I 00x) IUUlll'Vil'\HlWfl'llfl.:Jfltu'l'l:::'IJfl.:Jq.:Jlllll1Jl'l-llVlr11ij'l'l��l'IHlllllfl'l'll'HI Wolbachia 1'1/l'HU�fl':i 

" 4 0 q ,., d 9 d O d o'.d q d
")" 

d 
GFP 'llfl.:Jmlfl.:JflflU I vi fl flit \l.:Jm U1lJfl.:i111u��'llfl.:JU1:1'•:i-r.11'1Ju1\l1u1umn \l1n1:1nvl�flm':in'1'!fu�'l'l�n���mn'l'l 1V1rn'lf.:i 

�llVll:::\ilfliuri1UVU 16S rRNA 'llfl.:Jllllfllil�U Wolbachia l1PWmV11:::mV1 20b2 (l00x) 

tiihJ·:numrn1'i1ilfJ 

,, ,, 
d dd q ct I et.9 JI 

1. l'lltlllllfl'l'll'W Wolbachia 1u1rn�uii:::mrn1uY10�1'llo 1uq.:imumu 

Clt.G.1 .J'd � o � I d d d GI o' 
l)!il01':i'Vl�M.:J'IJO.:J.:JlU1\JUUfl01:1'1lJ1':i01VllJ\llU1U'l1U1:1'1U DNA '110.:JUU 16S rRNA 'llfl.:Jllllfl'l'll'W Wolbachia 1:1'1UVIU1j 

.. Q J 'l' Q ,, "I � q,, F IVIO�':i1\l1:1'0lll'llnl':i��l'll0 Wolbachia 1�Ul'l'lf1Ufl PCR mUfJ l'l':illJO':i INTF2-INTR2 [37] 'IIUl� 136 bp mu 1�1:1'1111::: 

hJrnmlJ'IJO.:J PCR i.:icl' �tllll!JiililJ�UIIU01:1'1U DNA flt) 95°C 11ill 5 mli uti'1mlJ�1U�tllll!Jii 95°C, 55
°C uii::: n°

c

c:!t. d O Cl, I d d I 91 d O d 4 ,., Ii ,.,� I 
�tllll!JlJil::: l Ul'Vl \l1U1U 40 mu uii:::�Ulll1JlJ01':i�01:1'1U�lf)UIO'l/1.:J'i!�'l'llU'l'l 72 C, 11ill 5 Ul'Vl [45] 'lf.:J'i!�'l'llU 1�'llU1:1'1U

DNA 'IJUl� 136 bp 1:1'0�flti'f).:Jflll.:J1U1iu�'l�nu.:i1umnouuti'1 [46] ihiuu1flliio'lm1'110.:J DNA �1od1.:i'110.:J<ii'mhuvu 

l .c1 .c:1 d. ci, l a v QI , , rd ,., o QI q 
16S 1-RNA '110.:Jl'lfOllllfl'l'll'iU Wolbachia 'l'l��l'I/OLUl':iO�l'llmou Cimex hemipterus �.:Jm'l11 !lJlJ':ilU.:JlUJlU'IIOl;Jil'IIO.:Jill�lJU 

1flli1o 'l'l'llPl'IIUl� 136 bp 1u GenBank 

\, a ,., q Clid 3Ji v .:::t (LI d QJ QI t (L/ 
1'11'110.:JlHl� Cimex hemipterus �1Ul'l'lf1Ufl11i microinjection l'lll lt11uq.:iiiwlllUIVlr11lJU�11�lJ1U01� 3 1U 'l'l.:Jl!lJ� 60 �1

... ,, � q ti Q d ... ,, l] � 'I""' 1I � 
IVIOUl'UOl;JillJ111JUIIU1'1'll.:J !Unl':i ':i:::llJUfl1llJll'll.:Jll':i.:Jllit:::/m01:1'lJ':iHlU:::'llo.:Jq.:JitlUlllUVl1l!:::'IIO.:J 11':in' '111"0�000 1':in'
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QI .q A _11 .q I .et Q I  .d,., 1 4 I d .q ,X QI O .d
v11 11n::r-mmrn�H\'01Jf111v1Yil'lffl�l1Vl'VlfllJfl'Vll.:J PCR l'lflJIY101fllJ'Vl vl'VIYlfffllJ lJl1flYlvtlJ1llJf1l')fl\>ll'lffl 26 911 l)lflllllJ'llJ'Vl 

dQ. .q :ft (t I ct iJ d I O 

, 

j,/ Q. ' 9/ .q O Q,/ IV c:f QI 

1flv1'1f1vl (63%) fll>llulJ 46.1% 1u1u G
0 

llffvl.:J 1'HlltlJ'llflln'll 'HQ.:Jvlvll'lffl'11Vl'VlfllJflflll'Vll Microinjection fllJQ.:Jv111vllJ10 

" .q I :II Q Qd d.c::1 .q I 

l'IJ11J'H10n::'H1H Posterior pronotum 1m:: sternoplueron [43] lulJl'VlfllJfl11ifl11'Vlll1h::ff'Vl1i.fllvt!ln�mm::fflJvlflf111 

� Q.QI J' .qQJ t '1 t J QQI JGI ,, d I ,, Q ,X ' 
nfllll'lllOlJ!lfl::.:i1u1llo1uflUlflv1Vlfl ,,J Yl.:JlJ.:JllJ'lllOlJO.:JllffYl.:Jht1'HlJ11ffllJl'Hlff11.:JVlvll'lffl Wolbachia 1::tt11.:i Order 'IJfl.:J 

• • \111 4 I ' � � QI ,/  ,, 

lllJfl.:JlllJ1JlllJ1'illJ (horizontal transm1ss1on) !YI lJflfll'HlJfllllflfl11 fllO'Vlfll>ll'lffllllJ1JlllJ1Yl.:J'Vll.:J1::1JlJTI lJ'YtlJ'lj [56] Q·:JTIWlJllJ 

di, S/0,1 d .r dd QI " J ,::1-=:t, 1 Jld QI c1 d ,r v QI , d 
'VI 11>1rnmrn1>1l'llt:llllJfl'Vll10fflO'YtlJ'lj F Ull::rnvl'lf'lvl nnlflO.:JfllJ embryo microinjection flt:lf11Hll>ll'lfVl'IJlvl'lt:lfllJ'IJV.:JlllJM'H1 

0, I 

, 

d d.et S, O QI ,:!t , I o, 

11n::1-tuvuv11nnll [13] [20] flfJH rnmll adult microinjection fllJ'IJVlllflvl VlllllJfl.:JlJllllflfl'lllJ lJl'HlJ1::ffll'IJfl.:J1ff� 

(llifl1rulJH'l/'Wvl 1'liu I) 'IJlllvllln::nmJtu::'IJV.:Jlin lfJl�lJ�H1�vl Ju 1i'Jl1om'fororJ�ffltl()!�t:lf1l'ilfivl'IJlll\>llln::n fllltu:: 

mv111r-1n1Jui1'1Jfl.:J q.:i VllllJNn� v m11 fl1>1�1v1'1J v.:i q.:imn� q-v1 1 u .:i,u irorJd rj'WrJ 1 � 'li11�mi1 'H fo� 1>1 m.:ill�fJW fflllJ91V 11> 1,j�

vtfl vi.:iJum1lJl�lJ�lJfjtufflJlJ911'HlJl::fflJ�t:lfm'Vl1>1nfl.:J 2) 'Vlflll::'IJV.:Jf;p'OfJ iv.:ilJfl1llJl:\}01'1f1()!1Um'i�l>I �ffltl()!ftt:l>.jlJ'IJt).:J 

d .J: QI QI QI .q .q d, t -=:t. d 
jl 

4 d;.c:t. d o I 

l'IJlJ'VlfflJNff fllJ N'llJ 'j 11W V fl'IJV .:I Q.:Jll Nnvl flfl11 lflvl'IJlJ lvlllNn ll 1 fll'IJlllln:: ff:: 'VI fl lJO .:J fl111 fl Yl'l/'lvl'IJV .:IQ.:J'Vl lJ llJl'Vlvln V.:Jt:l fJl.:JlJl fl 

3) 1::rJ::nm�q.:iffn1J1Jml111�.:i�mlJ1::fflJf1t:>u�v1 fl11�v1q.:inuli�q.:iffnm::'li1 hf q.:irnv1�1v1 Mmn 11n:: 4) mlJ1v11

• I'= , >I >I ,l "' "' d >I 1 "'"' ,s ., "' ., ,X, >'. I'= • I Ji ,l 
mmru fjW.fllvtlm::fl'lllJl'IJlJ'IJ'U'IJfl.:Jfflrn::n1m'lfVll1Jfl'Vll1fJ'VIVlfl.:J 'lfi!vl nl'H11J.:illJ11)fJlJ 'll1J1lJlVl'i1J1::lJltu 0,2 µI '11.:J!'lffl

.... , ,.I"', ,., 1"'<1 , .I"' d,., .. .1 
111Jfl'Vll1fJffllJUOOlfJ'Vlt:lvl ufJ.:111-J�fl l>llln'l>l.:J 'Hl'HlJ'llu'rnlvl'i'Vl 'l/ilvll'l/V Wolbachia

.... .. ,l IJ � ., I .I ., ,l .. ., � ., ,/ ' ., IJ I 

lllJfl'Vll'jfJ Wolbachia ffllJl'j()Vlvll'l/V 191 llJ'HnlfJV1fJ1::'IJV.:111.:JfllfJlllJfl.:J1J'j::fltJ\Jyl1fJ llJt)lfJflt)1fJ1::nlJ'Yt'Wli l'lf'W H l'lllm:: 

QI t J' QI d .q .l. <t I .q I "J/ A I I QI I 

Vtu'Yl:: 'Vl.:J'WfJ.:JlJ':ilfJ.:Jl'WflUvlvll'llt:l 11-J YIVnlJ 'Vll.:JlvllJVl'Hl'jff'l'WflflH nnllll'Wt:lff1'Ut:lfl ff1'W'H1 11n::n'1'W Spermatocyst [43] 

• QI .q l .q QI ,1 .q .J '1 I ,/ '1 I d d d.,::f, ,, .d QI .q 

11v1vv111m1v11>1!'llfl'IJ v .:i .:11-w 11> tJUlflvl'IJ'U 1lJffll\j'i ruun:: ill fl .:J'Vl v 11l1iJ1-11v111::111Jfl m1 av1v .:i1tln rJ1-111 tin .:in-11vtll 1j m 1 lJlJl .:i'lf'W v1 

, 

I 
.. • I"' ., 1 ., ., ., -1d cl ., , 

.. ,/"' <I IJ .. ,/ Ji 
ttllmvurnm m'U1n1Jm11unrJ1-111tlMff .:i111v1nt:1ll'IJV.:J 'lf 1v1vt mff'lfll 1>1m'lfnm1 flv11il-w 1 'lf 1vivtmff'lfll'IJV.:J1'lfnnq.:imrJ'lf .:i 

4 , ,., 0 d-=:t. " -4 Q I  QI QI 1 I d I .di.11.q ,I d �I mv tt 'ttllJl'j OYlll .:J'l/1vlY11fJfll'j vt.:ivtlfl'Wt:llfWfllJt)fJl.:JOl1lvlnVv1mn ff1'W m ruq.:inwnq lJ'Vl lJvlYll'llfllllflfll'j ii Ylfl l�llJ'U 

l .. .. IJ I 
• I., ., , ., ., ., cl ., , 'IJ ., "' .. ,l .. .. , ' 

m11::l'JlfllllJfl'Vll1fJ lllffllJlrnu'i lJvl'l 'Hl'IJlfllJff �1nv1nvll 'HlJ 191 'H'it:lt:lllllflvlll lflfll'jv]lt)'IJt) .:Jl'l/VlllJfl'VIIW 'W1::'111Hfl11

Q

I 

4 

-=t ,=t 
jl 

, 

,c9 1 J ct ,=t , iltl!l II d .f "1 !.tt QI 
... I ... I ,Id d 

fffl\>l'H'jt)'jt)lv]'jfJlJilvll'IJl 'UQ.:J 'lf.:J'lf1.:Jl1fll'UlllJfl'Vll'jtJtJijllflfll'lfnno.:i11lJ1>::lflWlJl'lft) 11 lllfflrn::mrJUnlnt:l1flvlllJ'Vl 

I) lfl fll'j ff flllltt 1i1J'W 1flfi 1 t) 1 'Vlfl� 1.mlu fJll m19iv114v11 lJflTI� tJ Wolbachia II n::ff fllll fll'j I ti� tJllll tin �llJfflJl.:J'lf'W �

4 , >I I 

, 

,/ t 4 • F,! .. o W °' "'1 , ,/ o!.. .;.. ,l 9 >I o, ,l .. <1 , , I 

lvtfl 'Ht:lij'it:lvl ll!'lfnn'IJV�Q�ll'I-J llJVl1J1tJlJl'VlfJlJnlvllJ 'W'lfln fl 'VIYl'IJV�lllJfl'Vll'itJ'VlflYll'llt:l 1'UQ.:JnlfJtJ1'WfllJl'lft:llllJfl'Vll1fJ 'W 'IJ 

c:I jl I O U o:::i, d 'i' , a'c:::t I QI di O QI o:::i. d 'i' , a' d d ,, d 

1rnv11'1Jv1rn-w VllJ17nlvllJ ll'lfln IV 'VlvllJfl'lllJllvlflvlHfl'W 'lf.:Jnll>llJ'W1fln IV 'Vlvl'IJV.:JlllJfl'Vll'jfjl)lflQ.:JnlfJlJl'WlJfll'j 

.1d • I , 0 I .. ., d I ., 0 ., .. "'1 , ,/ , II) I"' .. ,l .; �I 1unfJ'Ull1JM 'Wvllll'H'W.:JlvltJ1fllJ'Vlllflflv1Hfl'Wl)lfln7YllJll1fln fl 'VIY!'IJV.:J Wolbachia ll 1'1J1rnv111n::q�Vt�l'lft) Go 'lf.:JilJ'U 
f f f t/ I I f I I 

�111 'H'U�YiiJ11Jff!tlnrJUlltln.:i111JlJll'VllJ TI vi.:iiHM11mu .:iliiim11tlnrJ'WlltlMll1JlJll'Vl'Wli1 'W�lll'Hli.:in55 fit) ,tin fJ'Wlltln� l)lfl 

11Jff A ,�1-1mff G ih-wn,ilJ 
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� _,.J _, .,l O ., "' ""1 'I ,, ' 0 ., ""1 ' .x 
'il lflfll'Hlnlflfll'i l1Jfl tl'WII utH ll'l'l'W'l'l'llfl .:iinvi U'W 1fH1 fl 1'11vlllfl::fl111Jll\ll fl11 H'llfl -3fl lvlU flrnV:aJ 'W 'i:: l111 Wllfl 

,=id .d.ct. ,X 1 .. "' .X 1 SI l, JI at ct I o o., c.t. d1 IIUfl'l'll'itJ Wolbachia (F-supergroup) '1191vll'llfl 'Ul'i{Jvtlm::\llvtl'llfl 'WQ-3flltJ1Jl'Wm!Vlffr;Jlm::IVlffllltJCJ/-3ff1'W'lltHfllvl1J'W1flfl fl 

, 
_, 0 ., "'1 1 .,l ' 1 '" �I ' ,K ct ct O �I ., "' - l.,l -I ,,\ 'Vlvlllfl::fl 19111 fl'i 91fl::lJ 'U'llfl-3 'UQ-3'111111fl111.:Jlllfl 'Ul'J fl91 fll'illu'UIVl'n::11 l'llflllUfl'Vll'J tJ'illl 1J'W1lfl.:JlJ fll'i l1Jfltl'UII uMllW

,Ji' mi'1 hf ffllJmWh-3'J-3fj\ll 1'Ul'llfln'llfl-3Q-3 ,� fl OH h �1111Jttll1fomtil�11Jilfll'i 1,J�uu11,Jn-3.J.:in1iu ihfln1 V 1'Vl�lm::/ 

l1� vri 1iu m 91 v::ii1 u11 ff 91 .:i 1111 uflvi� tiffllJl'i (1'11 'U 9i flff 1111::11191 i VlJ 1 rt ,.hm:: ffllJ l'i (l vi l'i .:i;i119iv 1 ,J1 'IH'llfl cl' q.:ii.:i mi 111 � 

l11flfffllllri1iuihr1n 1v 1'Vl��tl11fl1ldl1�Vfffllll'U1fln 1v 1Y1v1.J-3l11J91'11V.:JO'U / 6s rRNA 'Ul'il::vmrl'n11t11::'llfl.:Jfll'i 

1,J� tl'Wll ,Ji, ,m 'l'l'U �'IIV.:JriliU 'U1fln1 fl 1 mfua ::/rt� Vfll'.i 1,J� tl'UlliJM'IIV .:Jfl'i 91V::in 'IJ 1-u lt'1 ltl"'J9illllt'U .:JlJlfl�lJ inf u t .:Jfl1'J 

"' � ' 'l_l, '" , ., 0 .I "1 i!'l.,"' """' , ., _, �I 1Jfll'i11flll191V l1J 'Ufl'Ulfl11 l'l'IV l1ffllJl'J(l'UlN'1fll'J'l'191'1fl.:JlJlu'.i::Qfl91 'l1 !91'il'i.:Jlm::mJfl'l'll'itJ Wolbachta ffltl'l'l'W� F fll'illull 

,::{ ,:;t d 4 Q,I �d :'1 d -=- 1 0 ,, ., .A I A " l ' 1 ., '_, 11 'Ufl'l'll'itJV fllt 'W .:Jffltl'l'l'U� 'VlffllJl'i (l l1J 'WVflll 'U 1m.:im Vfl 'W mm llJlff'J l.:Jl1fll\ll V'i l'l'IV'lllJflWtJ'W91l'Ul'l/V fl fl 'i fll 'IITtlu'i::'lllfl'i 

• ,K 1 ,,\ .,l ., t - I .,l1 
' ., ,K 'llfl.:JlllJ'1·:J'l'lll1::'Ull'l1V rn l'l'IVll'l'l'U'l'I 11'1::tJ'UtJ.:Ju'J::'lllfl'.i (population suppress and replacement) lllJM'l'I lJffllJl'ill\llllJl'lltl

riv1rn1�[20] 

"' ... .K "'"' 1 ., � ., ,, 
2. fll'.iffl1i11fll'.i11vll'lltlll'Ufl'Vll'.itl Wolbachia 'Ufl1tJ1::I1'1J'l'l'U�'llfl.:JQ.:J 

, d st dct. " � 
ff1'U'lltl.:J DNA ffltll�W1 2 lff'U 'Vl\llvl�fllfl911f.lffl'.i fluorescence flV VK INTF probe (5' fluoro TCC ATA AAG 

,d_,::t t df d 
GCC ATG ACT) 1m:: VK INTR probe (5' fluoro TCA TGT ACT CGA ATT GCA GAG T) 'Vll'if.lfl11 "labeled probe" CJ/.:JlJ 

fll'.i�t1.:ii1'11t1.:J'U1fln1fl i'Vlv1�1;1lu�ff1Jfi'u DNA 1fhttmt1 ff11Jl'rn1l'Uf1'1J DNA 1flrnmo,Tu1fi911;1Ju "hybrids" mu1/rm::� 

.. ., ., 1 ,, d O I Q ,d,::t, � A at ,=t ,, Q d. ,,::t I 
mm::fflJ flV11'1flfll'.i fll'.iff11i1l 111l1'U1llll11'1-M'IJ'il1Ul'V11Jfll'J1l911'l1flll'I.Jfl'Vll'i tJ Wolbachia 911f.ll'VlfllJfl'Vll'Wfl11 Fluorescence m 

.'f ., .. ' �, .. .. ., .,l ., J '" <;!! .. 
Situ Hybridization (FISH) u'il�'UlJflfl1llu'Ul'Vlfl'Ufl'Vll.:JV�'ll11'Vltll'l1'1'1Yll'Ul'll'\Jl'l'lt111fllllfll'illffvl.:Jtlflfl'IIV.:J DNA 'lltl.:Jf.l'U 

1flrnmt1191t1� 1m .:i«f 1.:i1'llm1"i,JQnli1a1t1 iiuti'IJ 1lifltifll'itl'v1J�1£J DAPI 1m::rtfr1m::m'\Jfll'i Hybridization 'llfl.:J 1oii 

1 .. ""1 1 "1 .et " -=t d ct, -=- cs , 
fl 'W1fl'1 fl '1191 mu (labeled single-stranded fragment of DNA) CJ/.:JIJ::tJfllJff'Vl'IJ'il1tll'U11fl'1f.lff'llfl.:JICJ/'1'11m::11n1Jfffl1l 

JI d 9' ' O o., .c:( t ct, j/ ' t ,e: ct, J QI d .. I QI I jl 
fll'.i f.lVlJ ff911f.lTI'111lfl'J 1 � m::«1rtrn11« .:i«m1.:iu 1Jlf1fl'1V.:Jvl�vt11'iffl'll'W11 '11.:JlJl'Vlfl'WfllJf.l.:Jff::mn 'i1911'.i1&rn::uaV911lf.11lflr;J 

� o., t !,qQJ � I! !kt� ,1 ,A � d d 
11fllll'Vlvl'1fl.:J 91..:iU'Ur;J11ltJ'il.:J lrt &'ll11ifll'.i'Wl'l'l0Mf11llfll'.illff91.:Jfl0fl'IIV..:iti'W /6S rRNA (Gene expression) 'i11Jfl.:Jfll'.illff91.:JVOf1 

1 F .I � 
,K 

. ,l """' , .l.. ,l 1 'llfl.:J flHff�l.:Ju'.i::'lllfl'i (Population structure) '1'1'111lfll'ifl'i::1Jltll'llfl (Dynamics) 'llfl.:Jl'llflll'Ufl'l'll'.itl Wolbach1a 'Vl1l911'llfl 'W 

vi'u1::ff1J�ll{'llv.:ii1flo1.:i1;1lud1t1� 1nfll'.i Fluorescence in situ DNA-DNA hybridization (FISH) ilfll'illl::ffllJl'illfffllllM 

"" ., i ., "' "' .... _,., ., 1" " ., � .11 
1 ., 'l "" ., ., .xfl.:Jafl11t11::fli1 fl'l'IH'l'l'Wlmrn ff'.i'i::1vw1 1.:i111'l11Y111a::m1urnm rtl'lllfl'Uff.:Jll191uVlJ -uq.:iawmu 91911£1 'l'l'ifllJfl'W'W 

1 ,.,� ,., \'} ,/ .c:t
d 1 ,le,, I ,c::i, .. l,c::i, C,I C,I ,I ' ,I 

Ol'il 'l111fllllfll'.iff'il.:JffllUJ'l1l'IJV 1'11l'llfl.:Jll1lfl'l'll'itl '\JICJ/'1'11l1t10'W (Germ cell) 'lltMQ.:Jll'1::fll'ilflflu{)fflJ'l'l'U1i'.i::rt11.:Jl'l/'1'1 

.... ,, 1 ,, ,. .,IIUfl'l'll'.i u11a::1'11'1'1'11V.:J !Jffyj [21) [30) &91 

<;!! ., .K .... 1 .x '" � ., � ..,\ �, "' .,;.. .K ' 
'illflfll'.i 'Vlfl av.:i11 flll lfl l'.i f)'j:: Ill f.1911'110-.ll'l/VII Ufl'l'll '.i tJ 'Ul'U f)lf.lfl'llfl.:J'i ::uu '(I 'IJ'l'l'U 11u fl .:J 'illfll1J lJ 'IJ'i 11tll'l'l91fll'J/flflf.ll.:J 

I C,I c:1, ,, d QI I ' ct A d .c:t i,., QI J
lt'Ulll'UlJ [21) 1m::fl1t11::'V1 flTI!flf.l.:Jvl..:if1'111'1'1'1J11 lJfll'illff91.:JVVfl'llfJ.:Jl'J1flll'IJfl'Vll'if.l 9191.:J'U 
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• Q.I 'JI ,, A d.c::S d Q.I �. d ,=I � t Q.I � ,, 
, 

" 
I) tl ru 't'J::: 'II tl '3 Q-1 lll!J1J1\.l l'l'ifl'l'j l'i'U fll'i fl'i::: ll ltJ'IJtl Wlftlll 1J fl'Yll'i !Jll::: J.Jll fl}! w:::111 \.l �91 ff I 'II !J1'YI 1m'!l'lltl '3tl W 't'l:::'11 Hltl '3 'l1 

O Q.I I � 
, 

Q./ I Q.I \') I � 
, 

JI I A ,c::t,:::t o ,:::( 
fllll'3'\J!Jl!JJ.Jlflfl11fl1'1nfllll \.l911fltl\.lllll:::H 1'\J lllflflllfll'infllllllff91-l llln11J111'lltlll1Jfl'Yll'i!J Wolbachia ff1J.Jl'i0911H'lf'VI 

, .,., '1" y ., .. ., d , ,. "' ,K 11"1 ,. ., 
\.ll'lllllltlW't'l:::'\Jtl'3Q'3 !vi fftl91fltttl'3fl1],:il\.l11l!J'\Jtl-l Veneti 11n:::r1w::: ml!J'31\.l11J.Jfll'i\ll911'lltl Wolbachia � lll'llff\ll (Cyst)

, ., d .K • v d ., • I ., "!!I ., " 
1 " '1 

., " fll!J \.ltlW't1:::'llt1'311JJM11111lltl'lftlll:::m11\.l1'Y191vlllull'3'Vl\.ll fl'i'i,JJ'lltl-ll'lllllln1J'Vl\.ll (mod+) 91 [53] 11\ll \.lfll-1\llHfl\.l'\JlJJ 11:::

1 1 .K d.i::t 
, 

.., .::i. 4 .l d I Q,I .. I Q,I ,I ' t 4 .d 
JJ'Vltll'lltlll 'lJfl'Yll'i !J \.l\ll 1tl'Q'll'lltl'1Q-ll\.ltl'1 illfll'lltlJJ1J'Yl1Jl'Yl91tl fll'i 919111 ull'3ffl'i 'Vl\.ll fl'i 'ilJ'\Jtl-ll'lllllll'Vlffl'Yll\.l\.lllll:::lfllltl\.l 'YI 

(I.I q, J � d Q.I d Q,I d Q,I d ,, Q.I "°" <\< , d er J. 
tJ tl flll 1 fl911tl 'Q'll fl tl \.l 'YI tl 'Q'll ll:::JJ'VIWJ \.l lfll'i I iJ \.l 'i::: !J::: \ll 1l91JJ1 !J'YI 'Vl'i tlJJ NffJJ'VI ll l fl'IJl'llll ll 1 '11 'lltl-ll'VI fl'IJJ !J [ 48] 1 \.l fll'i \.ll\.l tl '3 ll lfl

c. d d 4 1 -=t cv I t .c,., q JI d .c,., ..f J/ .c,., 'J/ ,-
tl'Q'IJ'IJ fl-lQ-lJJ'IJ\.ll911ll flll -l!Jlfl\lltlfll'i l\ll'HJJJ\ll1fl tJHllllttJlfl\ll fl fll'rn91 ll tl-lff11i\ll Ill lll\.l fll'i9191l'1ftl 911!Jl'Ylfl\.lfl fll'i hybrid 911!J I VI 

Q.I t j/ � � -1 dd 1 ., .. "' 1 "" <Cl v 
rn 91'3Ulltllllll:::\llt1'1nfllllfll'i\ll911'lltl'llfl-lll1Jfl'Yll'i tJ Wolbachia \.l911tl'Q'llll'itl Spermatocyst '\Jfl'3Q-l 91911tJl'Ylfl\.lfl'YIHflllfl-l

,/1:::,, d �. d � d d , jl d 4 <LI ,I t cv .ct .c,., 
�nm 'i ff\.l tllll fl\ll'itl lJ I 'VI 'i 1:::1 IJlJ tl fl11i fll'i 11 \.l ,l 'Ylff lJ.Jl'i (111 ff 91-1 11111\.l M 'i :::91'1Jtlflll fll\.l ll'IJ fl-ll'llll ll tl!Jl-l'lf91l ll\.l ll -ltllil 11::: ffl 1i 91 

d "' ,K '1 V111\.lfll'i\ll911'lffl 191 

cv t d d  .. .I ,/ 'i do Id A .d .:::. 
2) \ll1tlfl\.l VI 1J fll'ifl'i::: � fl'IJ fl -1 ffl'lltJ1'\Jtl-1 ffl'i TI\1 tltll'iffl'll\.l \ll '\Jtl-l I VI rn'YI Ill! m:::91 fltJ\.l 'IJ fl-ll'lftl Wolbachia lfltl'U'tJfl'U'i 11W 'II tl-l 

l'lllltli1�tl\.l 191tJm'Vllt'lJ111W'\Jfl1J (cortical region) lllltff1\.l111 (anterior side) 1m:::'tfw (posterior side) fftl91flti't1-:inmllJ1'1tJ 

d " q " d ' ,K ' , 
•• ' q ' 1 " ,!I ., ., .. 

'Yllfl!J'iltJ-lllJJ.Jlllll1'\Jfl,:J Xi um: flW::: llff91'1 1'11111\.l1ll'lltlfflJ.Jl'itlOl!J'Ylfl91 U\JQ-1 1'1-Jlll\lfl 91'YIH'it'lJtJ'11JVl'Wl'llfl-ll'Vlfl'IJJ!J 

[60] [61]

., ,., ' d� " • .I ., q " d .. ,K .... '1" ' ' .,\ .. ., ., ,., ,d
3) H I'll fll'Vl'Ylnfllllillflflll tl-lTI\jfltll':i ffl'b'lJ\11fflJ.Jl'rnllff91-l I 111'11\.lfll'i91911'lffl'IJtl--llltJfl'Yll':i !J 191tl!Jl'111\11fl\111'11J.Jfll'Yl!JtJfltJH l'IJ'YI 

1 ... "' ,K ' d11" " .. 'i •. l t ., 1 ,d.. ,K '1 ... ,K ., ,., !"1 '., JJJ.Jfll'i\ll91l'lffl ff1\.lflll"l'YI lvllllflfllltl-:J�llm'ifl'\.lflfl\.l LTiflflll\.llJ H 'IJ'Yl\ll911'lftlllll::: IJJ\ll911'1ffllltJfltltlfllllflfllJ 191 UJ'lf9111l\.ltllll

,! d CV .::i. � I ,, � CV I .d� 1 ,4 Q.I 1 "I d ir::::r, A 
l\.ltl-lJ.JllllflJ.Jfl\ll'ilfll'i91911'llflfltllJ'lll-1911 [60] 1lJ911tltJH'Ylnfllll 1191Nll'\Jfl-l Semi-nested PCR fflJ.Jl'itl!JlJ!J\.l 9111J.Jfll'i9191l'lftl

111.:i i.:iJllr;i'ii ori11/v-:iih1mJ::: 1ll fll'iffmm11vv1.:i111nnl. v-:iflfllJ 1 vi flt1ll'VlflffJ.Jfl1'i �-111:::fflJJTi t1ffnl!11m vrn'Yiorni'1vv1.:i

,
" • SI "' SI .I "' .I "' ., .I " ' q ' 0 "' 1"'1" 91tl!Jl'3\)fl\11 tl-l 11'i tltllll\lltl-lu'i 1Juc -ll'Ylfl\.lflllll:::1ffvJ�ufl'i W 'lJlWtJl-l 1m:::1111-lfll'i 911l\.l\.lfll'rn91lltl-l 11 191J.Jl\ll'i Jl\.lllllt 

lllJ.Jl:::ffJJ 

' "' 
, 

I -=I .c,., .K ' d A' ..A .::i. J Q.I 111 d ,di Q.I 0 
!Ill::: 4) 'i t'lJU'Yltl'Yl1'3l91\.l'HltJ ll 'Vl'IJ11J.Jfll'i91911'llfltltlN\J-l'Yll\.ltlltJtl'lJ'il1W \.lff-llfl\ll �llllfl�91ffl'\JtJ1'lf9111l\.lllllJ1\.lJ.Jlfl\lllJJ'YIH 

I I t ,, ,/ ,I SI ,I 
tJ11'\Jtl .:J'i :::'lJ'lJ'YI tl91 W] 'Yl.:Jfl l'Vllll fl fill tl-l�llm 'iffllvl� tl tll':i ffl'll\.l \lllm::: flllfl-l �nm 'i ff\.l fl tl u 1 vlfl till

,, QI� ,K .:::I� 
3. ffJJ'irn\.l:::'Ufl.:JQ-lllltJ1JllJ'l1ll.:J91911'lltlll'lJfl'Yll'W Wolbachia

�I � � d .Jq � d d QI do d '1 � ,A d 
I 

d
fll'i u'i:::IJJ\.l ffJJ'i '1 tl\.l :::11 'i tl fl11JJll'IJ-lll 'i -l'lltl-l�-l'Yl\ll911'lftl Wolbachia 1ilu fl fl'Ull il tJ'Ylll 11iJu91 tl-ln flllll \.l tl .:i il lfllU\.l ff -l'YI 

, " <I ,. 
"' • I "'""" ,K """" ' ., 'i 

"1 "' ' J ,. ' 
' ,. 

I ., 

llff91'3 11111\.ltl-lNllfl'i:::'Yl'lJ'\Jtl-lfll'i lfl91 ut}fl'i !Jl'\Jfl�l'lftlll1Jfl'Yll'i tJ91tll'l1llll'\Jtl.:J I !Jff\ll \.ll'lf-lfll'ill'Vl'i l'l/tl 'i1J.Jtl-lfll'iff-ltll!J utJ-l 

i'U\Jfl iu11n1tJ�flllllltJilJ fl11J.JfflJ.Jl':itl 1llfll'itl�'itl91'\Jtl.:JlltJfll1� mm:::m1J.Jff1JJ1rn 1ll fll'jff1Jlf lJi [31] '\Jtl-lQ-lllltJrl'llJ�9i\P1 

,K "'"" " "' ., .I "' "" .I " ., """' 'I' 
l'lftlll Ufl'Yll'i !J Wolbachia \P11!J'Vll'I 1JJl\lltl'i'\Jtl'3fll'i u'i:::IJJ\.l ffJJ'i 'iO lJ:::'11-lu'i tfltlU911!J fll'i1Yl 'i::: !Jtl1ll l'\Jfl'31'3 il'i'lf1\ll fll'i1H 1 'II

nmfo 1'1i fll'iOltJ'Ylfl9114flillfll!J.i��fl 'IJ\.ll91� 1-lflltJ fl11J.Jfflmrn iumrn'U'3'U\.lfll'i!IV-ltll'l1l'i mrnvw,Y1�NffJJVilll'llt1-li-:i 
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,, ,=t 
A

� ,l. -=:ti d QI ,, I ' dct 
l'l'lffrjlll;l::l'YiflllJIJ u'1lJ11.Ulm::tirumvt'lltHl'lftlt1'Q''il'lltl.:JQn'IV1QIJ.:J'IHJIJ 1m1:: Crespigny 1m:: Wedell fll;l1111'111flQn11.ltllQ 

1Jlfltll'illl::ijn,-s1�1Jtl'Q'U11i-ut111J1::1�1Jtl'Q'Ut1Vl.:J�lm::nii'U'1-:Wlfl�'i)::lllm1J1rut1-eyuMt1Vl-3\)fl9"t1� [10] fmf-u vt1'S1ih11t1f 

• J �I 5 0 �. ,., 0 Q, � ,A ,, ' � d A i:, l':t 
A

l QI I QI ,Q 

, 

... 

1'11 l;l l'UI u 'Un� 'il llu'U9l ti�� 11 'U 'U fl U nml 11 'Vt ti ff 'j 1 H) 1llJ'U 11 'lftlfl ti fl111Jl'lft11J'U ,m:: 1.1 fl 1llJ Ul;lfJ91fl IJflfl'U 9191fl''U 'i)li;l fl fl 

Q
I o'o,, ' Af -'�I -' 4 j J1?1 QI 4 o::::t d 1 ,, \'J .. I d

,. t d 
Wolbachia ffllJ'Vt'Ul91�fll;l111Jlu'S::Qfl9llu'Ul1fll9lfl'il'Yitl 'lflu'Uvtllf'U::'111Jlfli;'lfl'UIJ'U'Ylfl''U '01'111 &ull'Yl'U'Ylu'1t'l11fl'SQ�vtllft'YI 

11 • • SI • • ,K • 1 11 SI <d o �I SI ,:'! , SI • o ,. I. I -'1 SI SI "I , 
11JffllJ1rn11nm-um-sff�flllJl'llflflfl rn 191 tJ/'3'illlu'U9ltl'3nmn 'Ulffl.:J'V191l;lt1'3flfl'U'U1 uu'1::Qfl91 'll'UVfllft1'3'V191l;lt1.:Jmt1 'U 

1i"1rn'll1�9it1111 

Cross 
Number of Number of Number of Number of eggs p 

(female x male) egg laid (G2) eggs hakh (%) P value egg laid (G◄) hatch (%) value 

a,Transfected x Transfected 375 290 (77.33) 405 290(77.30) 

b. Transfected x Uninfected 454 369 (81.20) 535 423 (79.00) 

c.Uninfected x Transfected 485 91 (18.86) 490 91(30.60) 

d,Uninfected x Uninfected 725 561 (77.37) 837 733 (87.57) 

911'1Hfi 6 Cl model resulting from the establishment of naturally Wo/bachia-uninfected Ae. aegypti and transfected Ae. aegypti mosquitoes via 

direct injection. Percent of hatching and statistical difference calculated from cross replicated is demonstrated for each of four groups. 

A At:! .i=t � 
t'I I I d I ' d-=:i. ,l t I d 

!lJt1lu'W1Jl'YIIJ1J� tllJtl::flWVfn 1'11Q.:i1'U'YI 2 1m:: 4 'i::lf11.:ifl'lll'V19l911'lltl'Vl.:it]mtl TransfectedxTransfected (77.33 1m:: 

77.30 %) f11JflQlJfl1'Ufjlllf�tl UninfectedxUninfected (77.37 um: 87.57%) Im:: TransinfectedxUninfeted (81.20 1m:: 

,ct I I QI I I .cl QI QI J 'jl 

79.00%) lJfl1119lfl9ll<lfl'Ufl'llJfl11Jfll.l UninfectedxTransinfected (18.86 1m:: 30%) tllJl.:JlJ'UIJfflfl�'Vl p·value < .05 fl'tl91fl'1tl.:J 
' ' 

QI Q QI ,::::t ,, • 
I I ,::tci, 

fl1Hl'U11llJ'VllfllJ'illJ.:il'Ul.1111'11'11tl.:J Ruang·areerate and Kitt1yapong IIYI Dobson 11n::fl1.U:: '111J.:Jl'U11 Aedes albopict11s 'Yl9l91 

,l_ � ct ,c::t QI .. � \') I I 
, 

IQ .l I ,c::t QI ..$ QI Id t d ,, 
l'l/tlll'Ufl'V11'1 IJll'UU Superinfection lJtlm1fl1'1nfl 1 '111.llflfl11Q.:J 1.19l�l'lltltllJ1<11J'UIJn lfl� [ 14] 119lfl<lm::'U'Ufl111lJ'il1fl'lltll;Jl;lf-Hl 

"., ,J . I, SI' ,1 "'"' , '"' 
' -� '1 ' ' ,1 

fl1'1'V191l;ltl<l.:il'U1'illJ'Uff11.11Hlfl'1u 91111'lltlll'Ufl'V11'11J Wolbachia tll'il 1.11.1r-mm::nu11nflnnfl 1'11'11t1<1Q<1 t11'il1vtn::111'11t1 

.. .. .. 1 �, d • �. SI .; � 1 ,, 
1 

,, , r- ,., '"' , .. 
ll'Ufl'Yll'Wl.lU'V11Jl'YI 'U fl1'1 lu'U endosymbionts 'Yl'illlu'U9ltJ-3vt.:JvtlOln IJ 'UltJ/ai;'l'IJM !Jfl'9ll'Vll'U'Ull91 11J1J'U'Vl1Jl'YIY1t1vtq11mrn 

0 .... 

1 o'O.J 

I 

JI 
ct QI t .x ,::f,=t QI ,I � ,cf I ,::t 

fl1'19ll'i<l'lf19l'llfl.:i !J'i'l'9191.:Jl'lf'U�.:J'111J1Jl'U Aedes aegypti l'Yiffll.llJ 91.:J'U'Ul'llt1111Jfl'V11'11J Wolbachia ffllJvt'U� F 'illfll'itl91'il.:J'Ul'il::lJ 

I -=t CL,..:l:),d. ,:.1 I O 
.. I ,I�. ,/ .A 4 ct I SI ,N I 

1 d-=t �I QJ I A 
fl Ill m1m::1Jfllll ff1JU'fl'Vll'Yi1J.:iwn11t1 fl1'1 'U 11.llu� tQfl911 u'Ul1fll9l tl'j 1vtt1l'l/t11J IJ'U9lt19ll'Ul'l1tl fltl � fl'Y11.IQ.:J'111J1u'U vtllf:: 91-:Jl'l/'Ul'lltl 

11 ., .. 11 SI ' • I ., ' , 
,,.. 

SI ,K ' 1 "' , 
SI d 11 SI., ' .I 

111 fl'l91.:Jfl 191 t11JHunt191fllJ!ll;lt ff11.11rn fl' .:ir·rn M IJ'U9ll'Ul'lltlfl t1 rn1.1 mm fl'91.:Jt1t1 fl -u Q.:Ji;111J1J1'U 'V1 191'1U mrn11JY1t1911'llt1

"'"' .x., !'I IIUfl'Yll'jlJ'U 191 l'Utl'Ulfl9l 
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4. l)ll;l'IJO.:i1'11011uflvh�mim'lio 'hi'ir'l-u'1�o�oon 

J .ct.:::t 1 .d o  ,l\1�•1j}d ct. di j,I ,J ct,..:! 
n7':i'Yl�l;l0.:Jl)ll;l'\JO.:Jl'll0111Jfl'Yll'W Wolbachia \il0nl':il'l'l1Jll1'U1'U'\JO.:Jl'JIO 1':iiY '\Jll;lO�OOO'l/'U�'YI 4 uq.:i1;1,amu �1V1li 

1 JI I i,I 

46 

1 
JI "i' .c$ Q.I I ,:!I I d,4 .:!I .d..:::I I ,=let, di Ll � 'l"d d I 

microinjection u�.:imvmu 1�Wl'YIV1Jn1Jff')1Jl'l11Jfl1J flO nq1JY1\il�l'l/Oll1Jfl'Yll':it11m�nq1JY19l�l'l/O 1':iiY '\Jmo�oomvw.:iov1.:i 

1�£.111ni'.:i,i1mfu 40 '111 fo.:i vh Anesthetize q.:i'l'jnmj1Jmhu1'hfon� DNA 1�091':i11l1�U11J1W Copy number genes of 16S 
,, 

rDNA gene '\JO.:J1'110111Jfl'nl�V Wolbachia ,i1nri1u..¥0.:i�1v Quantitative Real Time PCR 

.<I 

OJO 

OJO 

0.16 

)54.761 
0.1➔ 

0.12 

0.10 

o.oa 

0.06 

0.0-1 

0.02 

0.00 

55 " " 70 

,. 
(nit 

" 
Tur.ptutu,c("C) 

10 IS " " 

Amplified Wolbachia from 
Experiment & Control 
(Wolbachia-infection) groups 

.d • .:. dcl I ,, J/ J/ I I Q .d I 
fll'l'fl'l 21 llffi;t� Meltmg curve 'lltMl'llOlllJfl'lllltl Wolbachia 111nff1'U'llO�'Uo�q�awmumpmmrn�11a:::mprn11JtjlJ (Tm= 81 C) lu'Uru:::'lln�lJ 

'I ... If 11 '1 ' .. � � 
fl11JfjlJ lJlJl'lltlll::: lJ 'JI curve l�W1fl'Ufl1J Positive 

' ,, 
GJ d a., _ jc:::t. .:!I \II OJ I OJ 

1 o ,, 1m�iYm1 RNA l'l'l0\il':i11l1�1Jnl1Wl'l/O 11':iiY1l70iY1'U111IIB�On 'U11'U1V PFU/ml �'JV Quantitative One-Step Real Time PCR 
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30 35 

" " 55 

.d J 1 ., ,> • • O , d 
nTl't'l'I 22 lllY�H Melting curve 'IJ!Nl'lfO Dengue serotype 4 lllnlY1'U1-11un::on'IJo���flllJ1Jl'Un<Jllll�flo�un::mpm11JfllJ (Tm = 82.9 C) 'U'IJOJ::ll 

mjlJfl1lJfllJ
1

liiii1lo1J::
1

liihi curve 1�1.nnmiu Positive U11Jl0ll1follln Stock 1vhnu 7.55 X 105PFU/ml 

d i c::t, l .c::I -=i \; !V CV c::t, I ,I !V J} c:i. cl 

'lf-:t'l'l-:t'Urn7W'lftNl'lf0111.Jfl'l'll'HJ l�t]n1�'U'ill1ill�tll'lf'1'1'110-:t�-:tff"ltlt11'i Normalize �rnitlnnw Housekeeping gene 'H'itl 
,, . A .c::I c:i. l \ QI I I CV I I q J \ QI I 

RPI 7S gene 'IIO-:t�-:t'111J1.J1U 11'1�1lltlll11J1.JUrn1w1'1/o hnl''i�1111-:tmllll'l�'10-:tn1.Jn')llfl11.Jfjll '1'11.J11 tlrn1w1'1/V h:rn·�o 

l'lf'11;l'lf0-:tll-:tfl�lll1�'10-:t (0.807 PFU/Cell) 1Jf11u'o11ni1tl!m1m4o 'hfo1un�llfl11.Jflll (1.67 PFU/Cell) 0-:t 2 l'Vl1 'Hl:l-:t'l'11fl1'i 
. . . . 
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Jsitive 

Samples 

)5 

50 ,s 

.d .: 9) I I Q ,d ci,, 
flll'l'YI 23 11'11'�� Melting curve 'lltMl'llO RPI 7S '\JO�fJ�inOUlllnl)lJ'Ylmrn�111;1:::nqm11ut)1J (Tm = 82.3 C) IYIOllOll Positive 111;1::: Negative controls 

Samples 
Mean quantity of Mean quantity of DEN4 Mean quantity of Mean quantity ofDEN4 
Wolbachill (Copy) (PFU) Wolb11cl,ia per cell per cell 

Wolbachia and dengue4 
6.64 x 10-2 2.94 x IO' 2.26 X 10_. 0.807 

infection 

Wolbachia infection 8.43 x I 0-2 
8.61 X 10

_. 

Dengue 4 infection 1.88x 104 1.67 
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a-1umm111it1 

"'" .,J'.,., � .f <> >' o,>)>10, I .!f 
�l'U'l\l!JU'U'U'U l�'l'l�tHl�llft=:t1t11Jlu'J::llJ'Uffl.J'j'Hl'U::'llfHQ�t'll!J'Ul'U Aedes aegypti 11M l�'J'Utll'Hll!J'l'IO�l'lHl 

dd OJ ,I dJ"') ,,� d OI A d ct _, � � Q.I JOI \1 I d 
ll'Ufl'l'll'W Wolbachia ffW'Vi'U'Q F ill 'l'l'U 1�nmn Wolbachia 'l'lfftl�\lltll'rn�'l'l'l'l'U 1'Uu'J::l'l'lff !'l'lmm::�l'U1\l!J'U!J� llJlflVlJ 

� I "- .di d CV ,/ Q.I tq I d -=I � 0 �I 'jl QI G) 
tll'Jntl1fllJltlO'U l'lfOll'UflVll'J!J Wolbachia ffW'l'l'U'Q F \l�Og 1'Utl"JlJ alpha-proteobacteria ll'Ufl'l'll'J!J'U\lllull910�0lfl!Jtll!J l'U 

./ ,- ,1 .., ,1 _ 1.1' di ,=t � ,1 .ei. A I Q ,f tt .c:! t ,l
l'llftt\'110� l!Jff91'110.:JlllJMff911'11lm10� 'l/�lflVl.J'jl!J.:Jl'Utll'Hl'U91tll'iilltll'J91�1'lfO'l'l'U'll91�1'lfO !'UlllJft�(l.:J 16-22% [20)(28] '11.:J'U 

CII Q OI ,id ., ,, Q. G) ,, cl .::t Q, d-=s Q iK .::Id Q.I ,/ d QI � QI ,/G) ,, ,, QI p 
lltl'l\l!J\l.:J l�t1'11i91 111111'Ufl�'U'H'lill'l'llJtllrn�l'lfOll'Ufl'l'IIW Wolbachia t1'l!Jl1'U'Q F 't101V'l=:t1'U'l'l'U'Q !'UQ�ftW'Ul'UmOlJtl'U�nv 

.!f .... .lq""' .. ., :11 .... .i .. .!f q ... I ., .. II.,, 
l'lfOll'UflVll'J!J Wolbachia 't1 !'If l'U.:Jlll'l'ilVlu'Ull'UflVll'J!J'l'l9l�l'llO 1lll'rn� Cimex hemipterus oguft19lllJ1inlJ'lf19lllft::111 1�.:Jl!J 

q • I 1! " ' • I 11 "" :11 .l q 'l >' • ., ,X .,\ • • 'I" 11 • "' q 
1'Uu'J::l'tlffl'IJ91"J0ll�.:Jl'lfllu'J::l'l'lff l'l'l!J \l.:Jlu'U'l'lff'U !\llm:: �'UllJlfftl�l'lfOl'l'lO'UllJl'tlltll'J'tl�ftO� l�W'U9l l'll'IIO�l'JO� !'U 

Q.11 ... 1 rl !l,l -=t. J/ -=:i. V Ol d GJ  o, ,J Q , . 
ffl'Jft::t\W'U'VtlTIO'J llft'lU�l'lll'U'Jl1illOtl'IJO�Q.:Jftl!J'Ul'U911191lJ'l!J 01Q 3 'l'U 'tl'U'Jl1W'J::111H Postenor pronotum 1m:: 

.al., _, ., .. .,J' • _, ;,! .i_, ..t:1, Stemopleuron mo�� II uft •rn 'U 'Q m 'J lJ r-rn tll'J 'tl�ft o �'110�� l'U 1 \l !Jll ffllJ l'J fl 'U llJlu 'J:: Qtl91 l'l'l 011 'l'l 'U 'tlu'J ::'lfltl'J Q�'l'II ull Vi 111:: 

.!i I 'I° :ff <! I .x I 'I° 'I ., 
'IJO�l'lfOtlO 1 'Jfllm::ft�fl'lllJIU'U'l'll11::'J'llJfl�ft9ltll'Jl!m m::\ll!Jl'lfOtlO I rn I� 

,. I Q JI Cl .K. .c:::t d o:!i ;l°I .,,:! 0 �, .K. d JI � OI 
tll'Ju'J::llJ'UfflJ'J'Hl'U::'IJO�Q�ftl!J'Ul'U91�1'll0111Jfl't11'JV Wolbachia flOlu'Uff�\lllu'U'l'l'Ujl'U'l'lflO,rnmn 11ft�\lltltll'J 

� q <> .!f I .!f q 'I° ,'q I o, I o, ,' .. 
't1�ft0�1'1tllllfl'lllJffllJ1'Jfl 1'Utll'J91�1'lfOlm::t11'Jfll!J'tlO�l'lfO !'U 1!Jff91 1'1-!lJ [43] ��l'll'U Wolbachia ffW'l'l'U'Q F \lltll'JO�l'\191 

V J ,A 'JI d_ � ct o .K_ -=t. -=I \'} ,/ V ,. ,/ J'\'f JI 'rn'Ull l'l'lOtl'JHfl'lllJl'lfOlJll 1'Utl1Hlll'lfOll'Ufl'l'll'J!J Wolbachia l'U'U'J::Qtl91l'lf'U'J:: 1!J'lf'UlllO'Ulfl91 �lll1i!J'U rn'tl\Plt\O�

a .K. 'i' a q V d o , da -f q «f ,A � 01 ,/ V d.t::1 .f t 
fl'lllJi'l'llJl'J fl 'IJO�tll'J fl m'lfo ! �!JffllJl'j flffl1i fl ! 11 I 11ll 9111111 'U �'1'191� l'lf O ! 'Ul'U OWO'J ::'U'U n 'U'Vl'U 'Q '110 �Q.:Jftl !J'Ulll'tl 91�1'lf O'l'l.:Jl'Vlff 

"' ., "" 'I., _, .,. .,. ;Jo :11 , q , , .!f c1 c1 , II.I , , llJ!Jl!t'l:: l'l'lffl';j 'J'llJfl .:J I� 'l'I� ffornm:: u'J:; llJ'U 'Vl l'J llJ 1910'J't1 \l 11 u 'U 91 Ofl'lllJ tlllJlrn ! 'U tll'J ff �fll!Jl'llOll 'Ufl'l'll'JVl'-llll IU\ll 'U

\]tl11t'll'UOU7�iiu'J::ffn�ill'l'l ou1�un I. tll'J1�'U'J::liJ'U'Ulll�'IJ0·3':i1�tll!J l�!J'l�fl'lllJ!Jl'llff'Uiln 2, tll'JU'U'ITTlJltul4oo"J'; 

,, ,, .::I I d di \,] ,, di., I I CV I A � QI '1 l.q ' :II ..:::i, ,, d 
'IJO�Q�ftl!J'Ul'Ul'Vlffl';jl'l'l!J�O!Jl.:JI\Pl!J'l 'II .:J !�Nft'tl !lJll91tl9ll.:Jtl'U'J::11'll�Q.:J'il�l'llOtl'UQ� llJ91'ill'J/001\llu'Ulm 1::0"J'\l\}tlff'J Hll'tl'U'tl 

,
., I d I dcl cl •• F- ., cl "'1!"1 .F- I ., ... .. ., 

�0Vl�'J1�1'J1 119111'1.Jfl'tll'i !J Wolbachia 01\llJNft910urn1tut11'iff'J1.:J'llff91 1� l'Uurnlillll91tl911�tlll 11'JO'llll1�'110�'1/ff9101\l 

I o, "J., t 9 
o :ff >1 � >1 <> .,, 

o, .,l <> .,\ � I .,j.,, .!f cl 
ll'il 1191 Htl'U l'il ;i::llll 1'UO'l-llfl9101\l \lllu'U910�1'1 tllfltll'jn''J H'llff91 'U Otu cn::'11 O.:JQ�l'VllJl91lJl'l'l01'1 tl1ll'llQ�'V191�1'lf001\llJtll'J 

>' o c1 ; , • I .,. c1 ; d ., .l " .,.,l j , 0 dq � q , " , 9 
t1''i1�\ll'U'lll'llff91lJltltl'llutl91 l'Vl'J7::'llff911il'UO'l!J'l::'l'lff'il.:JO"J'\l'll'U 11lJlm::'t1'illl'l'l'U\ll'U'lll'l'I I'll !'U 1ll'J::111Htll'Jl'llltJNfflJ !'U 

I t 11 >' d <! I :ff • f 'I° ,' I .,l I I I ,l q o, ,!{ <> 11 " 
1191ft::m.:i l�'ilt\O�!'lft111ft::'J1�1'J1 \l�'Ul\l::lu'Uu'J:: !!J'J/'UO!Jl.:J!J.:J910tll'Jff�mm'lfo Wolbachia !'U09l'Jl\l.:J'l11$001\lltl� CI !� 

I .. � ., .ir �1 I .l.. .!f .. .. .. ., .l 11 I.. .!i • .. ;q " I .. 
O!Jl.:Jt'l'lJ\J'Jill 1m:; 3. tll'Jtltl'lll09l'J ltll'J TIil 'lf'IJO.:JQ�'t19l�l'lfOl!'Ufl'l'll'J !Jl'tl!J'U tl'UQ.:J'l'I llJ91�1'lfO 119\'VlU llJl910'J !'U tll'Ju'J ::llJ'U 

0, I �I d I I ..:::i, �d .d ,, CV " � CV � I t t od 
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