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The Wolbachia is a group of obligate intracellular bacteria, belonging to the order

Rickettsiales. The bacteria are found in a diverse group of arthropods including insects, isopods

and mites. These microorganisms are transmitted through the cytoplasm of eggs and have

evolved various mechanisms for manipulating the reproductive mechanisms of their hosts,

including cytoplasmic incompatibility, parthenogenesis induction, and feminization of genetic

males. Wolbachia have recently been found in filarial nematodes including all of the major

pathogenic filariae of human, Wuchereria bancrofti, Brugia malayi and Onchocerca volvulus.

All developmental stages and all individual worms appear to be infected, with transmission

maintained through vertical transfer via the egg. Phylogenetic analyses indicated that arthropod

and filariaI wolbachiae can be classified into four main lineages (A, B, C, and 0). Wolbachia

have evolved a mutualistic association with their hosts. It has been suggested that Wolbachia

might contribute to the pathogenesis of filarialdiseases and offer a novel target for chemotherapy.
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Wolbachia d-:h.muflVlb1f.J~~'f)--1'f)l~f.J'f)ul'wL'J!~~"

'lJ'f)--1~--1Jj<J1';)L9lLvh~'W(obligate intracellular bacteria) ~--1

Wolbachia 1OJ:;'V'1w-nn1'WL'J!~~U1'L')ru~:;uU'f)1'f.J'J:;~UW'Wflq

'lJ'f)-:J~--1Jj<J1';)l'l~dj'Wlf1l:'1l91 (host) LLUflVlb1f.JWolbachia

Qn~(i)'f)~l'W'V'1'Jn Alpha Proteobacteria L"lI'WL~mrlU

LLUflVlb1f.Jl'Wgenus Rickettsia (1)LL~:; Ehrlichia (2,3)LL~:;

L1j'W1:'1~1~nl'Worder Rickettsiales (4) 1:'11~1~rI'V'1U

LLUflVlL~f.JWolbachia 1tilvr'J1t11'W~--1Jj<J1';)l'l91'V'1'Jn~l'lt)

'lJl-n'f) (arthropods) ~~(i)'f)~1'Wclass Insecta, class

Arachnida LL~:;class Crustacea 1'Wphylum Arthropoda
do. '

(l'l1d1--1'V1 1) LL~:;lOJlnn1~1:'11~'J1OJLL~~--1 species l'l1--1 1

(LL~~--1~(i)'f)ul'Wclass Insecta)'V'1U~lLLUflVlb1f.JWolbachia"

fI~'f)UfI~~~lnn~l 16 LtI'f)fL~'W191'lJ'f)--191'W'J'Wspecies 1'W
q

LL~~--1~--1'\.1~(i) (5)l'W~l'W'J'Wdj;'j'J'Wl'\.1ruLtI'WLL~~--1~¥~nrl'W~~ "
, d , ..I <v.. .,

L'11'WLL~~-:J'\.1'J(Drosophila spp., '11'f)1:'11~'1!fI'f) fruit files)
... <V ,

tJ--1~lf.J (Aedes spp.) tJ--1Ul'W(Culex spp.) LL~:;l'l'Jl'l'f)

~l'V'1'Jn parasitic wasps LtI'W~'W(6) 'W'f)nlOJlnd'V'1'Jn~(f\t)

'JI1-n'f)~'W 1 L"lI'W'V'1'Jn[;]'Jh (mites) ~--1~(i)'f)~1'Wclass

Arachnida LL~:;'V'1'Jnisopods 1tilLLnwoodlouse 'V'1Un1~

~(i)L~'f)LLUflVlb1f.JWolbachia 1tilL"lI'Wrl'W(5-7)U'V11J1'V1'11'f)--1

LLUflVlb1f.JWolbachia l'W~l'lt)'1Il-n'f)~'WJj~-:Jn1~v'hl\.\Ln(i)

cytoplasmic incompatibility, parthenogenesis LL~:;

feminization ~ -:Jtld1n!Jn1nuL'\.1~hdJj [:.J~I?i'f)n1~tlfu

LtI~f.J'W~tILLUUn1~~UW'Wfl'1l'f)--1lf1l:'1l91'V'1'Jn~(f\t)'1Il-n'f)L~'f)" q

tI~:;lf.J'11ul'Wn1dLL'V'1~h~'f)'1I'f)--1LLUflVlb1mtl'W'\.1~n fI'Jl~

~~~'WflLL~:;U'V1Ul'V1l?il-:J1 '1I'f)--1LLUflVlb1f.JWolbachia ~Jj
, "

l?i'f)lf1l:'1l91'V'1'Jn~(f\t)'1Il-n'f)~--1Ull:'1'WlIOJLmhu1tilJjn1~~m:!1
~<V ...~. "..1..10 ...",~
'JlOJf.J'V11--1'11'J'J'V1m'f)m--1(f\'f)L'W'f)--1L'V'1'f)'Wlf1'Jl~~'V11--1'11'J'J'V1m"
'1I'f)--1LLUflVlb1f.JWolbachia~1til~1t1~:;f.Jn(f\1.jf[;]'J'f)Ul-:JL"lI'Wq

L~'f)tI~:;lf.J'11'Wl.jfl'Wn1~fI'JufI~lf1l:'1l91'V'1'JnLL~~--1U1hfl~q

~l~'1!l?il--1 1 LtI'W~'W

(;IT'.n{l~ 1. lf1l:'1l91'11'f)--1LLUflVlb1f.JWolbachia ~1tilJjn1~d1f.J--11'W'V'1U((i)(i)LLtI~--1lOJlnO'Neill et ai, 1997)

Phylum Class Order
'I" .
blPlbbnGenus

Nematoda Phasmidia Spirurida Brugia, Wuchereria,

Onchocerca,DirofilariaLL~:;

Arthropoda Crustacea

Arachnida

Insecta

Litomosoides

Isopoda Armadillidiidae

Acariformes

Coleoptera

Diptera Aedes, Culex LL~:;Drosophila

Hemiptera

Hymenoptera Trichogramma, Aphytis, Encarsia,

Leptopilina LL~~Muscidifurax

Lepidoptera

Orthoptera
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~1~fU~'IiJ~';) I?lU'eJfH~i'1t)91n~'Jn~l?lrJ'lJ1ojf'eJ

tl'uiJn1r~m11~ULLUf1Vl~tJWolbachia 1U'rl'J'I2'VlPl'JnM

~ chum bfntJ~1mnl~ULLUf1VlL~tJWolbachia 1r;i'1u

~u'eJu~mfil?l'Jn~3-Jn~3-JYJ~1~tJ (filarial nematodes) ~'I.
1r;i'LLn~u'eJu~mfibrf1LVh-D1'1 (Wuchereria bancrofti LL~:;

Brugia malayi) LUU~U(4,5,8) bfntJ~u'eJu~mfil?l'Jn~3-Jn~3-J

YJ~1L1tJ~fn'eJ~1u Phylum Nematoda. superfamily

Filarioidea: family Onchocercidae mr~u~u LLUf1Vl~tJ

Wolbachia 1UbeJ~~~'Jn~u'eJu~mfiYJ~1~tJtl'u vh1,xLnfn
0 = = ..,......

~~1tJ f11tl13-J'Vl1'1m r'J9tJ 'lJ'eJ'Iun'J'Vlm Pl1~ I?lr'J1 LLUf1'VlLrtJ

Wolbachia 'eJ199:;iJ~'JUL~tJ'Jojf'eJ'InU~tJ1fi~fl1~'lJ'eJ'I n1 r

Lnfnhf1YJ~1L1m'eJ~~ (filariasis) ~'ILuuhf1~fnL~'eJ~Lnfn

, 91n~mfil?l'Jn~3-J1un~3-Jd ~'Ir'J3-Jn'lhf1b'vh-D1'1r;i"JtJ~1'eJ.
LLUf1Vl~tJ Wolbachia m99::;LuuLiJ1~3-J1tJ1umrfnM1

brf1 filariasis LLU'J'Vl1'11mJLL'VlU~LLU'J'Vl1'1mrfnM1 brf1L~3-J

~'IiJc.J~ojf1'1L~tJ'I'lJ'eJ'Im~'I LL~::;91Luu~'eJ'I1 ,xiJmrfnM1~1"

1?l~'eJfn9umrfnM1iJ c.J~bfntJI?lNl'i'eJ~U'eJu~mfiYJ~1 L1tJ

1?l'J'fJ'eJuLuuwKn (4,8-10)

Wolbachia 6h..I6t[;J1!11'2if)

LLUf1Vl~tJ Wolbachia 1U~'IiJ~';)I?l~'Jn~l?lrJ'lJ1ojf'eJ

1r;i'fUf1'J13-J~u1991nun';)'VlmPl1~l?lf3-J1U1ULn'eJU 80 U
bfntJ1uu ~.PI.2467 Hertig LL~::; Wolbach ntJ'I1Umr~U

~U LLUf1Vl~tJfl1tJ1uL"Jj~'ifU1'L'Jruf'l1'1i'lJ'eJ'ItJ'IU1U Culex.

pipiens L~'eJ~r;i"JtJn~'eJ'I'~'VlnPlULL~::;l'i'eJ3-J11r;l1~'eJLLn

LLUf1VlL1tJ~~U~1 Wolbachia pipientis (11)mrr1tJ'I1U1 U

f1f'ltl'u uu1r;i'~1LuuntJ'I1Umr~U LLUf1Vl~tJ Wolbachia

f1f'l LLrn1u~l?lrJ91~'JnLL3-J~'Ir;i"JtJ

LLUf1VlL1tJWolbachia ~u1r;i'1U~'IiJ~';)I?l~LUU

beJ~~~'Jn~ I?lrJ'lJ1ojf'eJ U1'L'JruL ~'eJL~'eJ'lJ'eJ'Ir::;uu'eJr)tJ'J::;~U

~ufibJ~19:;LUUU1'L'Jruf'l1'1i(ovaries) ~1'eJ 'e1ru"V1::;(testes),

'lJ'eJ'IbeJ~~ (1,7,12-14) f1'J13-J~Wolbachia LUULLUf1Vl ~tJ~m~tJ

'eJEnUL"Jj~'if'lJ'eJ'I~'IiJ~';)I?lLvhtl'u LL~:;tT'IhJ~1mnlL~1:;"

L~tJ'Ifl1tJU'eJn L"Jj~'if'lJ'eJ'I beJ~1?l1r;i'bfntJ1-D'eJ1~1n~tJ'I L~'eJtJn~

i'J1tJ ~'Itl'umr~fn91LLUfHLUf1Vl~tJWolbachia bfntJm~tJ

fJru~nMru::;'Vl1'1~'JLf1iJl'i1'119'1vi11r;i'mn~'I'eJrh'lhnI?l13-J

L~'eJiJmr~~U1L'Vlf1Uf1'Vl1'1'eJru~'J';)'Vlm~'I1r;i'lLfimn~3-J"

91U'JU~1r~u~ nn3-JbfntJ';)fitJBn1'm\jnb'lib ~~ L3-J'eJfLr~

(Polymerase Chain Reaction, PCR) 'lJ'eJ'I~UL'J!U 168

rDNA i'J3-Jnu m rL-D L'Vlf1Uf11 Un1rl?lr'J9~'eJu~1 ~u Lu~1u

~1tJ~Ufimr3-J~L~UL'eJ(8equencing technique)vi11,xmr,

~nM1'Vl1'1 phylogeny 'lJ'eJ'ILLUf1Vl~tJ~'eJ1~tJ'eJ~1uL'Jj~'ifLUU

1tJ1r;i'~1tJ 1?l~'eJfn9ULuumnt'eJ~1U'JtJl'i'eJmr~fn91LLun

LL~::;~nM1LLUf1Vl~tJ Wolbachia 1UbeJ~~'eJrh'lmn

Phylogeny!lf)" Wolbachia tu 6f'[;J1!11'2if)

91nmr~nM1 phylogenetic tree 'lJ'eJ'I~U168

rDNA 'lJ'eJ'ILLUf1VlL1tJWolbachia ~~U1U~'I~~';)I?l~LUU

beJ~~'JjUfnl'i1'11~U~1LLUf1Vl~tJWolbachia 1U~l?lrJ'lJ1ojf'eJ

LLU'ILLtJn1r;i'Luu2 n~3-JA'eJn~3-JA LL~::;B (ClusterA LL~:;, .

B) (12,15)u'eJn91ndc.J~91nmr';)Lf1r1::;,xphylogenetictree

~U 168 rDNA 'lJ'eJ'ILLUf1Vl~tJWolbachia ~U~11~~f1'J13-J

~'eJfnf1~'eJ'Inuphylogeny 'lJ'eJ'I~'I~~';)I?l~'JfHL3-J~'I~LUU

beJ~~(1)1?l'J'eJrl1'1L'J!ULLUf1Vl~tJWolbachia~~U1ULL3-J~'I

~~ Drosophila simulans ~'I~fn'eJ~1uorder Diptera ~
f1'J13-J~3-J~ufln~'1ifnnULLUf1VlL1tJWolbachia ~~u1u

LL3-J~'I~'Jn~Lt'eJn~1'1AUEphestia cautella ~'I~fnmJ1u"
, , , ..,J

orderLepidopteramnn'J1LLUf1'VlLrtJ Wolbachla 'Vl~U

1utJ'IAedes albopictusLL~::;Culexpipiens~'I~fn'eJ~

1uorder Diptera L'J!UL~tJ'JnULL3-J~'I~~(XtJ~1)

LLUf1VlL1tJWolbachia ~~U1UbeJ~~~~fn'eJtl1u"
,... ,... ,... ,...

order 1?l1'1nULLI?l3-Jf1'J13-J LLl?lnl?l1'1'Vl1'1~UfinnW:;~'J1'1nU,

U'eJtJ LL~fn'ln'lmrLL~iL~'eJ'lJ'eJ'ILLUf1Vl~tJ Wolbachia 1tJ~
. "

beJ~~~'JfHL3-J~'Il'i1'11 r:;~~1'1 order 1r;i' (1,6) ~'IL1tJn~1

horizontal transmission U'eJn91ndn1nL~iL~'eJ'lJ'eJ'I

LLUf1Vl~tJWolbachia ~~Ufl1tJ1ULL3-J~'Ispecies L~tJ'J

nU~U~1LUULLUU vertical transmission Luu~~n (5,6) bfntJ

~1?l'JLL~LUULL~~'ILL~iL~'eJLLUf1Vl~tJWolbachia1tJ~iu~n'" "

'Vl1'11"11bl?l~~1~~3-J(cytoplasm)'lJ'eJ'IL'Jj~'if~u~ufL~PlL~tJ

(egg} 1U'lJru::;~1~~umrLL~iL~'eJ91m~PI~tJ~tu\jn(16)
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Wolbachia (Culex pipiens)

Wolbachia (Tribolium confusum)

Wolbachia (Hypera postica)

,- Wolbachia (Aedes albopictus)

-L
Wolbachia (Drosophila simulans Hawaii)

I Wolbachia (Ephestia cautel/a)

- Wolbachia (Drosophila simulans Riverside)

- Anaplasma marginale
Ehr/ichia risticii

Rickettsia prowazekii

Rickettsia typhi

Rickettsia rickettsii

Non-Wolbachia

~tJ~ 1. LLt-J'WJliJphylogenetic tree '.nnmj'f)Lrlj'I~.xU'W 168 rDNA 'lI'EJ'ILLUrlY1(j.tJWolbachia 1'Wbb:I.J~'I LLUrlY1Lj-tJ.. ~

Ehrlichia risticii, Anaplasma margina/e LL~~Rickettsia spp. (non-Wolbachia) ~'ILLUrlY1Lj-m~"IVI~Ci1LtI'W

~~I:nn1'Wnri~Alpha Proteobacteria(~Ci1LLtJ~'I~lnO'Neillet ai, 1992),

U't7U1't7!1fNWolbachia mafl1f16J.W7nagrf!l1t1a

LLUI"1Y1b~tJ Wolbachia 'f)1~m)tJ'f)th'l1n~:nt?1nu'"

~'I~~f) 1?1~dJ'WL~~l9lVl~lmHntJ'1fflt?1 Lt?1tJUVlU1Vl']J'f)'I

LLUI"1Y1~tJ Wolbachia ~~I'l'f) L~~ 19l,x'W~n1nltJ'Il'Wl"1f'l LLm

'1 :;"1 'i' .d , ... ...
b'WU V'LPI. 2514 bt?1tJYen LL~~ Barr 'M~'IJ'J1LLUI"1VlLj'tJ

Wolbachia LU'W~ILVI~']J'f)'In1nnt?1t1nn!Jn1mr~~tJn~1

cytoplasmic incompatibility (17)~~'lJL~'f)~n1nJ~J-H~PI

~LL~~L~PlL~tJ']J'f)'ItJ'Iih'WCulex pipiens 1'l1'1~ltJ~'Wfin'W'" q q

(ttl~ 2) t-J~']J'f)'Icytoplasmic incompatibility vh1~1?l'J

'EJ'f)'W(zygote) hJ~lmj'm~1C1JL~ULI?1I'l'f)1t11~LL~~1?11tJ1'W
, ~

... . 0, "" ~ "" ~ "'"

Vl~t?1(zygotic death) ~1'W'J'W~'W\Jn9,.:nnt?1']J'W'W'f)tJ~'IVlj"f)

1JJLnt?1~'Wb~tJ91nmj'Vlt?1~'f)'It-J~J-l~'WfitJ'Iih'W Cx. pip iens
q q

v , , 0 ~ v.. v

1?1'J'f)tJl'1L'1f'WVllmj't-J~J-lL~PI~~ltJ~'W~Hamburg nu

L~PlL~tJ~ltJ~'WfOgglehausen 1~t-J~zygotic death

(cytoplasmic incompatibility) LLl'lrl1vhn1j't-J~m~PI~
v .. v'" v..

~ltJ~'W~ Ogglehausen n'IJL~PlLJ-ltJ~ltJ~'W~Hamburg

tlnnD~1 L~PIL~tJ'f)'f)n\Jn 1~91'W'J'W1?11J-ltln~ (compatibility)

91nmj'~mj'I1o111~VlnU~I~ltJ~'Wf Hamburg ,x'W~t?1

L~'f)LLUI"1Y1~tJWolbachia ~'J'W~ltJ~'Wf Ogglehausen

,x'W1JJ~t?1L~'f)LLUI"1Y1b~tJWolbachia Lt?1tJMtI~'IJ~1
q

tlnn!Jmnl1 cytoplasmic incompatibility Lnt?1~'W91n
, ~

mj't-J~m~VI~I'1L~PI~Vl~t?1L~'f)LL'lJI"1Y1b~tJ Wolbachia nu'"

L~PlL~tJ~1JJ~t?1L~'f)LLUI"1Y1~tJWolbachia L'WVll'1n«un'W

cytoplasmic incompatibility 9~1JJLnt?1~'Wj'~VI~I'1n1j't-J~J-l
, ~ , ~

L~PlL~tJY1~t?1L~'f)LL'lJI"1Y1~tJWolbachia n'IJL~PI~Y1~t?1L~'f)'"

LLUI"1Y1~tJWolbachia Vl1'f)1JJ~t?1L~'f)LL'lJI"1Vl(~tJWolbachia

n1?11~ 'W'f)n91nd~u1~~1 cytoplasmic incompatibility

Ln t?1~'W1~91nmj't-J~J-l LLJ-l~'I L~PI ~LL~ ~ L~ PI L~tJ~~mj'~t?1'"

L~'f) Wolbachai 1'l1'1~ltJ~'Wfin'W (jtl~ 2)'"

n~ 1n']J'f)'Itlnn!Jn1nw~ Lnt?1~'WdtJ'I1JJ~n1j~~tI

ml 'W'f)'W LLI'l1"11t?1~ 1 LLUI"1Y1b~tJ~ n~ 1n'IJ1'1'f)tJl'1~~ t-J~I'l'f)
, ~

L"1f~~~ u~'Wfi']J'f)'I L~PI~Y1 ~ t?1L~ 'f) LL'lJI"1Vl(j-tJ Wolbachiaq '"

mjt-J~J-lj~VI~I'1~LtJfJ-l (sperm) LL~~1~(egg) 9'WLnt?1LU'W

I?l'J'EJ'f)'W~ ~J-l'IJ nl1~'f)'I'f)1 ~tJn~ 1mi 'JtJ LVI~'f)']J'f)'I LL'IJ1"1Y1~tJ'"

Wolbachia ~'I'f)tJL'W1"1fLI?1~~I~;J-l']J'f)'IL"1f~~~'IJ~'WfiL~PI'" q

L~tJ tllL~PlL~tJ1JJ~n1j~t?1 L~'f)LL'lJI"1Vl~tJnlGj~1JJ~n~ 1nmj

'J!'JmVl~'f)L"1f~~~u~'WfiL~PI~ tJ'It-J~L~I?l'J'EJ'f)'W~1~91nmjq '"

t-J~~1JJ~lmn1 L91C1JL~'IJLI?1I'l'f)1t11~
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uj'ln!Jmml cytoplasmic incompatibility (Cl) ~bn(7l~'Wj'::;V1~1-1mj't:J~~n'W'lJ'eNbb~rNbYH'1b~tJ~1~~(7lb~'f)bb1Jr1vh1tJ

Wolbachia( ~) n1Jbb~'iNb~~~~~(7lb~mb1Jr1vh1tJ Wolbachia (fi') (a) V1~'f)bn(7l~'Wj'::;V1~l-1mj't:J~~bb~~Nm~b~tJ

(~, !) n1Jbb~'iNb~~~(~.) ~~mj'~(7lb~'f)bb1Jr1~b1tJWolbachia~ltJ~'Wfbblilnl?ll-1n'W (b) L(7lm~'f)bn(7l

cytoplasmic incompatibility bb~'d btl'Wt:J~1~\n(7l zygotic death

d,tI" 2...

91nmj'~1j',)9unnDn1nl1 cytoplasmic

incompatibility 1'Wn1j't:J~~bYH.\~~ltJ~'Wf~~n1j'~(7lb~'f)

bbUr1~~tJ Wolbachia nUb~~b~tJ~ltJ~'tJjf~1~~n1j'~(;)b~'f),
, d = , ,

bbUr1'Vlbj'tJ Wolbachla'lJ'f)"bb~~"V1,)'1!'W(;)(?]1-11(Drosophila
~ =, d..., 0 ,

spp.) b~~b(?]~ 'j/IjU,)1t:J~m::;'VlU'Vl~(?]'f)91'W')'W~'W~mu.J~"

V1~~ bn(;)~'W'j/Iju1C'i'~"bb(?]1::;~1Jb~m!'f)tJ1C'i'bbrin11~1C'i'c.J~

91'W')'Wi'W~n~ bn(;)~'Wii'f)tJ~"n~lun~ 9'Wn,,1~~ t:J~m::;'VlU, "

bn (;)~'W ~-1V1~ltJn-11 ~ t:J~91'W')'Wi'W~ n(?]l~Un ~b~'f) b~tJUq "

rlUn1j't:J ~~ bb~~"V1~ b'j/lj~ ~bb~::;b'j/lj~b~tJ~ltJ~'tJjf~1~~n1j'" q

~(;)b~'f)bbUr1~C~'tJ Wolbachia (18,19)

U'VlU1'Vlbb~::;r1,)1~~~~'tJjf 1::;V1~l"bbUr1~ b1tJ

Wolbachia rlU~-1~~~ (?]~d:J'Wbf]~~~1~11n'j/lju1rrL'W1U"

bbUU~'W ~,,~ ')'f)EJ1,,1 'Wbb~~"1?l') (?]'f)U1"91'j/1j')n~ 'f)EJ1'W"

genus Trichogramma,Aphytis, Encarsia, Leptopilina

bb~::;Muscidifurax (~'f)~13Jt1J ~'f) parasitic wasp) (?]1~

fin~'1!1 ~1~~ ,,1~ 1C'i'1Un11t:J ~~91n b6Jj~~~u~'tJjf b'j/lj~ ~q "

'lJ'f)"I?l')(?]'f)~'f)EJ1'W genus mrhd 9::;bn(;)bU'W(?]'eJi'W~n" q "

b'j/lj~ b~ tJrY"V1~(;) ~ 'J'W1~~1C'i'1Un11t:J~~fhn (;)bU'WI?l'J(?]'f)

i'W~m 'j/Ij~b~m'1i'Wn'W~"~tJmu bbUU'lJ'f)-1n11~U~'Wfi1(;)tJq " " q

Un~91nn11c.J~~~'Wfi bb~ 'J1C'i' ~ m'j/lj~b~ tJrY-1V1~(;)d~1q "

parthenogenesis bbUUthelytoky (Parthenogenesis

V1~1tJn-11UbbUU'lJ'f)"n11~U~'Wfi~~1m1n1C'i'~,,~~~(?]i'W" q q

~n~~~mnI91n 1~~un~91nn11t:J ~~~'tJjf) bb~::;~tJn 1?l'J" " q

(?]'f)bV1~1d~1thelytokousparasiticwasp bb(?]'f)EJ1"hfi(?]1~

1'W'1i,)-1~~¥'f)'W~~~ruV1JJ~'lJ'f)"'f)1n1~~"u1::;mru28 'f)"~1

b6Jj~b;tJ~n"~1nn~1 30 'f)"~1b'Jf~b;tJ~ 'j/IjU~11~~1~1C'i'1U

m1t:J~~91m'Jf~~~u~'Wfb'j/lj~~'lJ'f)-1I?l'J(?]'f) thelytokous b'j/lj~

b~tJ~'f)1 ~tJ'f)EJ (?]1~fin~'1!1 ~ bV1~1dbn(;) bU'WI?l'J(?]'f)b'j/lj~ crtC'i' (6)" "

¥x eJ' I IX "I
.. I Alive I

xeJ' IAlive I I X Gi"I

x8"
I x If

I¥x I

I IZygoticdeath

I xZygotic death

a b
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luLl 'VU'\.2533 Stouthamer LL'e1:::flru:::v11n1'j'Vl~'e1'1NL~tJ

l~m tetracycline ~--1ijiJ'j':::~Vlfi[1Tv~1'Un1'j'tJ1Jfi'ml'j'b"'11t1!

L~UL!?l'1l'f)--1LLUfl~Lrm'1')nRickettsiaLLri(;]')~'f)thelytokous

L'I'1~HijtJ'I'1U~If,J'e1'11'f)--1mtetracycline v11blli~~hJ1~fu

n1'j'f,J~1-J'1I'f)--1(;],)~'f)thel ytokous L'I'1~Hijmn~Lu'Ui'U'e1n(;]'Jq '"

~ 'f)L'I'1P1~1~b'U'1Iru:::~1~~hi1~f1Jn1'j'tJ~1-J'1I'f)--1(;]')~'f)'"

thelytokous b'l'1v'1LijtJ~hJ1~f1JtJ1tetracycline l~t'U

\1n(;]') [?]'f)L'I'1P1Lijm'l11-JiJn~ vr--1dL~'f)--1"'11ntJ1iJB~')'U:::
" , "~" ~"'" ~ "'"

tetracycline 'j',)1-JVl--1f1,)I1-J'j"f)'U"'11n'f.JruVI.1J1-JVl~--1'U'U1-Jf,J'e1

fh4'~"e1~'I'1~LU'U~IL'I-1~'1I'f)--1 thelytoky b'U(;]')[?]'f)L'I'1P1LijtJ

~ijn1'j'~~L~'f) (20) n1'j'~mn~'f)m'l'11J~1 U1JfI~L1tJ

Wolbachia ~'I'1lJJl1tJl'U1'1\L!?l'l'1'e11~en1-J'1I'f)--11~~hJ1~fUn1'j'

f,J~1-J~'ULU'U~1b'l-1~'1I'f)--1parthenogenesis U1JUthelytoky

l'ULL1-J'e1--1(;]')~'f)'I'1')nparasitic wasp (12)

'U'f)n"'llndl'U«(?]'f~I'1'1')n isopod crustaceans

L'Ji'Uwoodlouse Lu'U(;]'J'fJth--1~~'1I'f)--1n1'j"f)fi1JltJlJVl1J1Vl~'U

'1I'f)--1UlJfI~(~tJ Wolbachia ~ij[?]'f)L~~I?l~'f)IP1tJ'f)U L~tJ'"

fi'j"j'~'jjl~'1I'f)--1«!?l1~1'1'1')n[?]l--11 ~ij~I'U,)'ULfI'j'L1-JL'1\1-JLU'U

~'f)--1'jj~LfI'j'L1-JL'1\1-JL'I'1P1~1~f1J1-Jl"'11n'V'l'f)U'e1:::u~hu'Uu"'14'tJ.
fh'l-1'U~mnU'WL'ViPl~'I-1ffiL'I'1PILijtJl'Ui'U'e1n!?lI1-J'I-1«nmnhtJ'" q '"

Vl'f)~Vll--1'W'Wfin'j"j'1-J'1I'f)--1L1-J'UL~'e1(Mendelian inheritance).
~1'1-1ful'Wwoodlouse L'I'1P1LijtJijLfI'j'L1-JL'1\1-JL'I'1P1LU'UWZ

~'J'UL'I'1P1~ijLfI'j'L1-JL'1\1-JL'I'1P1dJ'WZZ L~tJLfI'j'L1-JL'1\1-JL'I'1P1~'f)'"
""""" """"'" ~

Z 1-JtJ'WL'I'1P1~Vl1-Jf,J'e1f1,)lJ~1-J'I'1W-J'Uln1'j"1I'f)--1androgenic

(a) cJZZ x ~WZ

(b) dZZ x ¥WZ + Wo!.

gland ~--1LU'U'f)rJm:::~~11--1~'f)fi:1-J'UL'I'1P1~tllhJijn1'j'~11--1

~'f)fi:1-J'UL'I'1P1~'U'I'1lJ~l«m~ru:::'1I'f)--1L'I'1P1LijtJ"'1:::LL~~--1'f)'f)n'"

1-Jl (6) l'U woodlouse L'I'1P1LijtJ~'UijU'UL'I'1P1LijtJ~'f)U1J'U'"

LfI'j'L1-JL'1\1-JL'I'1P1LijtJ(W) ~--1n~n1'j'v11--11'U'1I'f)--1U'UL'I'1P1~v11b~'"

1~ijm'j'~11--1~'f)fl1-J'UL'I'1P1~"'11nandrogenic gland f,J'e19--1

v11l~ijn1'j'LL~~--1'f)'f)n'1I'f)--1L'I'1P1LijtJ(6) 'f)ul--1hn!?lI1-J'I'1lJ~1

b'Uwoodlouse L'I'1P1LijtJ1J1--1~ltJ'W'Ufl~l1-Jln1tJ~!?li'W'e1n1~q . '"
LU'WL'I'1P1LijtJvr--1'1-11-J~LL~~I"'1:::ijLfI'j'L1-JL'1\1-JL'I'1P1LU'UZZ LL'e1:::

l1tJniJ'j'ln!)mmlpJ LLlJud~1 feminization "'11nn1'j'~mn

'I'1U~1 UUfI~ LrtJ Wolbachia LU'UU"'14'tJfll'1-1'U~L'I'1PI'j'iJ LL1JU'"

d(7.14) L~tJ Wolbachia "'1:::n~n1'j'v11--11'U'1I'f)--1androgenic

gland (21)C;)--1~'Ui'U'e1nwoodlouse ~--1Ln~"'11mL~'W'Ufl~~~q '" .
L~'f)LLUfI~LrtJWolbachia LL~~I"'1:::ijLfI'j'L1-JL'1\1-JL'I'1P1LU'UZZ

n"'1:::ij«m~ru:::n1'j'LL~~--1'f)'f)n'1l'f)--1L'I'1P1'1-1~--1(XiJ~ 3)

L~tJvr'J1iJ1JVl1J1Vl~I--11'1I'f)--1U1JfI~l1tJWolbachia

'1'11J~1hi n'f)l~ Ln~Lmt11tJ UN~'f)~--1ij~fj (?]~LU'WL~~I?l~

'f)1P1tJ'f)U'f)ul--1hn(?]l1-Jl'ULI 'I'1.PI.2540 Min LL'e1:::Benzer'"

'I'1U~1 U1-J'e1--1'1-1~~ltJ'W'Ufl~ij'f)ltJi'Un~liJn~(X-chromo-. .

some deficiency strain) ijfl')I1-J«1-J'W'WflnUn1'j"I'1lJ
"'" "'" ~ ~

LLUflVl L'j'tJ Wolbachia 1Jn'Jru~1-J'f)--1LL'e1:::L'j'(?]'UlU'e1:::

«n~ru:::dtJ--1'1'1U~I(1mhtJVl'f)~1-Jl"'11nLUJn1'j'Vl~~'f)--1L~tJ'"

l~m tetracycline LLriL'I'1P1LijtJ~ltJ'W'Ufd~--1Lu'Uf,J~l~

~lm'j'mll4'~LL1JfI~l1tJ Wolbachia 1~~'U "'1:::'I'1u~li'W.
~nij'Ji,)--1'f)ltJ!?ll1-JiJn~(22)'" .

~ cJZZ +¥ WZ

~ ¥WZ + Wo!.; ¥ ZZ + Wol

bLUf1vh1-tJWolbachia dJ'WU"9tJnlV1'W~L'ViV'\L~tJl'Wwoodlouse ~b1-tJn~1 feminization (b) mj'tJ~2-J~'Wfij':-;VI~I--1., "
" """""~,""'~ ~"o",...

woodlouse b'ViV'\~ bL~:-;L'ViV'\L2-JtJVlb2-J2-Jm'j'[11~L'i!'f)LLlJflVlLJ'tJWolbachia,,::: b~tJ~"I'W'J'W~'W\im'ViV'\~ LL~:-;L'ViV'\L1-JtJ(?]l2-Jn!J

mni1tJVl'f)~Vl1'1~'Wfim'J'2-J'1J'f)'IL2-J'WL~~(a) ~'J'Wwoodlouse L'ViV'\L~tJ~ltJ~'Wfi~&i~L~'f)LLlJflVh~tJWolbachia(Wo!.)~, .

tJ~2-JnuL'ViV'!lJ,,:-;H;tJ~1u~n~ LL~~'I~n~ru::;'1J'f)'IL'ViV'\L~tJ~'IVl2-J~LL~~I":-;~~n~ru:-;Vl1'1~'Wfim'j'2-J'1J'f)'IL'ViV'\lJn[1112-J(b). , . . .

'itl'¥13...
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"i'l.JLL'U'UfI'J13Hf3niuBtJ£h1 Wolbachia LL6U:LUGfGlVnn
...

Q.I" ...
Gf91'JtJ1tJeJ

fl'J13-J~ 3-J~'Wfld~~~ 1--1 LLlJflV1 L1tJ~'E}1 f'itJ'E}tJ'E}th--1"

ln~:n ~rllJ~--1i1~fj f?l~dj1.H91U1'W'V'I'Jn~l?l'J'lJ1olf'E}1~ LLn

mutualism nILLlJlJfl'J13-J~3-J~'Wfld'V'llJ~1 LLlJflV1 L1tJ"

9~vh~ii1~~11--1~1d'E}1~1dI?l1--11 LLnLe1~f?l1--1'E}199~dJ'W

m~'E}~m'W fjf?l1iJ'W m~i1'Jfl~~n ~1'E}L1h~'W ~--1Le1~f?l11J

~1mdtll~flJ91nmd~1n'W'E}1~1dI?l13-JtJn~ (23) LL~~'V'IlJ

~1fhil mdf119~ LLlJflV1 C~tJ'E}'E}n ltJ91n'V'l'Jn~ I?Irf'lJ1olf'E}~

LU'WLe1~i?l~'JtJfjfil~ 1 nf?l13-J9~vhlmJJ~13-J1dtl~1Li1'W'J--1

~fjf?l1tJf?l13-JtJn~1~~1'E}'E}19Vhlme1~i?l~ L91tl.jLU'WI?l'JLLn

LL~'Jl1J~1mdb1~~f?li'W~nl~'W'E}n91ndfl1vhmd~mnq "

LmtJlJLV1tJlJ phylogeny 'lJ'E}--1 LLlJflV1~tJrllJ phylogeny

'lJ'E}--1~--1i1~fjf?l~LU'WL91U1'W ~--1i1fl'J13-J~3-J~'WflLLlJlJ

mutualism 9~'V'IlJ~1i1fl'J13-J~'E}~fl~'E}--1rl'W(6) 1?l'J'E}tJ1wn'W

rf1vhmd~m~TVn--1 phylogeny L~tJLmtJlJLV1tJlJfl'J13-J

LLl?lnI?l1--1'lJ'E}--1U'W168 rDNA 'lJ'E}--1LLlJflV1~tJ~'V'IlJl'WLe1~i?l

, ~ et ,0 ~ ""

f?l1--1 order n'W n9~'V'I1Jfl'J13-J LLf?lnI?l1--1'lJ'E}--1~1~lJtJ'W 168

rDNA mnn~1fl'J13-JLLf?lnI?l1~'lJ'E}--1U'W 168 rDNA 'lJ'E}--1

LLlJflV1L1tJ~'V'IlJl'WLe1~i?l1?l1--1 class rl'W fl'J13-J~'E}~fl~'E}--1rl'W

'1'11--1 phylogeny d~~~ 1--1LLlJflVl L1tJLL~~~ --1i1~fjI?I~LU'W

Le1~i?l LL~~--1n --1fl'J13-J~3-J~'Wfl d~~~ 1--1rl'W~ iI mm'J'W1'W

d'J3-Jn--1dtJ LLlJlJ'lJ'E}--1mnhtJ'Vl'E}~ LLlJflVl ~tJ ~1'W'Vl1--1~'E} LLJJltJ"

'i'ii'W~n(vertical transmission) (6) 'E}tJ1--1ldfif?l13-J LLlJflVl L1tJ". "
Wolbachia ~ 'V'IlJl 'WLe1~ i?l'V'l'Jn~ WJ'lJ1olf'E}l1Jl~b1n9~ LU'W"

mutualistic symbionts ~--1LU'W~--1i1~fjf?l~ilfl'J13-J~3-J~'Wfl

LLlJlJ mutualism rllJLe1~i?l~'E}1f'itJ'E}tJ (23) LLl?ltln9~LU'W" "

reproductive symbionts ~ iI fl'J13-J~3-J~'WflLLlJlJ

parasitism rllJLe1~i?l(6)L~'E}--191mLlJflVl~tJWolbachia

LU'W~1L~I?J'lJ'E}--1tJd1n!Jmdn11?l1--1111J~19~LU'W cytoplasmic

incompatibility, parthenogenesis, LL~~feminization

L~tJtJd1n!Jmmrm\:'hdil~~ l?l'E}mdLtJ~tJ'WLLtJ~--1LLlJlJ LL~'W

m d~ lJ~ 'Wfl'lJ'E}--1Le1~ i?lL~'E}tJd~ LtJ'jjUI?l'E}mdLL 'V'Ii~ 'Wfl'JJ'E}--1. q
LLlJflVl ~tJL'E}--1 (6,23)

Wolbachia 1.U'VIUeJu'WEI1Gn~:J.Ivh'l1L~EI.
" "" "" ~ .-

mdfl 'W'V'IlJLLlJfl'Vl LHJJl1tJ b'WL6Jj~~ 'JJ'E}--1~'W'E}'W

'V'Imfil?l'Jn~3-Jn~3-JVJ~1~tJ (filaria! nematodes) L~tJn~'E}--1.
9 ~'V1dd~U~ L~fl f?ld'E}'W~'W'V'IlJLU 'Wflf--1LLmLU'WL'J~1n~1.

2 'Vl~'JddM~~1'Wm L~tJL'U'V'I1~Lu'Wmd'V'llJl'Wspecies

~ n'E}1~Ln ~ Ldfl~~1f1tl.jl'Wfl'WLL~~~f?lrf ~--11'Wd~tJ~LLm'V'llJ

1'W'V'Imfi'\X'J19~u'JJ Dirofilaria immitis (24) 'V'Imfi~n'E}l~.

Ln~hflLvh.jf1--1 (elephantiasis, lymphatic filariasis)

Brugia malayi (9) LL~~'V'Imfi~vhl~f?l1lJ'E}~1~'Wmmm

(onchocerciasis,river blindness) Onchocerca volvulus (10)

LL~~l~ ~ 11--1 fl'J1~~'W19 LLnunfj 'Vlm ~1~ f?lfLU'W'E}tJ1--13-J1n

1'Wmd~ 9~~ nM11?l 'E}ltJn --1lJ'VllJ1'Vl LL~~fl'J1~~ 1f1 tl.j'JJ'E}--1
, """"" """" , ~ ~ , ""

LLlJfl'VlLdtJ'Vl3-Jf?l'E}~'W'E}'W'V'ImDf?l'Jn~3-Jn~3-J'W.

mJ1--1ldfi f?l13-J mdl~fl'J13-J~1f1 tl.j1?l'E}md~nM1

LLlJflVl ~tJmtJl'WL6Jj~~~'V'IlJl'Wflf--1~'W 1~G~91--19--1 LL~~LU'W

dtlDdd3-JL~'E}11J~u~~1'Wm L~tJl'Wu 'V'I.~. 2538 ild1tJ--11'W"
~~"o ..

'JJ'E}--18ironi LL~~flru~ 6Jj--1b~'I'11md~nM1~ phylogeny

'JJ'E}--1U'W 168 rDNA 1'WLLlJflVlL1tJ~'V'IlJl'W~'W'E}'W'V'Imfi D.

immitis LmtJlJLVltJlJrllJ LLlJflVlL1tJ Wolbachia ~'V'IlJl'W~f?lrf

'JJ1olf'E}']ji1~1?l1--11LL~~LLlJflVl~tJmtJl'WL6Jj~~~'E}~l'W genus

Rickettsia, Erlichia, Anaplasma LL~~Cowdria ~--1LU'W

genus 'JJ'E}--1LLlJflVl(j-tJ~'E}~l'W order Rickettsiales ~'W

'V'IlJ~ 1 LLlJflVl L1tJJl1tJl 'WL 6Jj~~~'V'IlJl 'W~'W'E}'W'V'Imfi1?l'Jn~3-J
" , ,

VJ~1 ~tJu'W LU'WLLlJflVl~tJVlilfl'J13-J fl~1tJ fl~--13-J1nVl~ ~rllJ.

LLlJflV1l1tJ Wolbachia ~ 'V'IlJl'W~f?lrf'JJ1olf'E)(25) (dtl~ 4)"

91nmd~nM1LLlJflVl(1tJ Wolbachia 1'W'E}~f?l~~1'Wm

~'W 'V'IlJL'U'V'I1~1'W'V'I'Jn~f?lrf'JJ1olf'E}L'Vh~'W~--1~'Wmd~'W'V'IlJ

LLlJflV1~tJ Wolbachia 1'W~'W'E}'W'V'Imfil?l'Jn~3-Jn~3-JVJ~1~tJ.

9--1 LU 'Wmd'V'llJLe1~ i?l~ 'Wn~ 3-JLLm~ 'W'E}n L~i1 'E}91n Le1~ i?l.

'V'I'Jn~ f?lrf'JJ1olf'E}md~ nM1n--1lJ'VllJ1'Vl LL~~fl'J13-J~3-J~'Wfl

d~~~ 1--1Le1~ i?l'V'I'Jn~ f?lrf'JJ1olf'E}rllJ LLlJflVl l1tJ Wolbachia

'E}tJ1--1n~1--1'JJ'J1--1mLn'E}lJ 80 ULL~'J~'W~11~~1mdml1

fl'J13-J1 ~ --1n~1'JmtJd~tJ ni?lH LU 'WLL'W'J'I'11--1md~ nM1" q

LLlJflVl~tJ Wolbachia 1'W~'W'E}'W'V'ImfiVJ~1~tJl~Lu'W'E}tJ1--1~
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Wolbachia (Trichogramma deiGn)

Wolbachia (Culex pipiens)

Wolbachia (Nasonia giraulti)

Wolbachia (Muscidifurax uniraptor)

Wolbachia (Nasonia vitripennis)

Wolbachia (Rhinocyllus conicus)

Wolbachia (Dirofilaria immitis)

Cowdria ruminantium

Arthropod

Wolbachia

Anaplasma margin ale

Erlichia equi

Erlichia platys

Rickettsia rickettsii

Rickettsia prowazekii

Rickettsia typhi

Bartonella vinsonii

Agrobacterium tumefaciens

Rhizobium leguminosarum

'51.I.vj 4. LLi:-IWl~phylogenetic tree 1Oj1nm11 Lfl11:::iXth.l168 rDNA 'lI'1J'ILLUflY1L5-UWolbachia lWLL'-I~N (arthropod Wolbachia).. ~

LL~::;L'W'\n.!'1J'W~mfi1X'1LIOj~U'llD. immitis 'lI'1J'ILLUflY1L5-iJL'Worder Rickettsiales LL~::;LLUflY1L5-iJL'Wmi'-lAlpha, ,

Proteobacteria ~'W1

ntJ.n'Wn11A\~~lJLLllf1V1 L~tJ Wolbachia L'W

""W'1J'W~tJ1fiYJ~1~tJ'jju~l?h'l 1 (1?11n'l~ 2) ~1l~1""W'f}'W

~tJ1fiYJ~1~tJ"'~1tJ'jjU~~ri'f} L~Ln~Lj'f1L'Wf1'W,x'Wi1mj'~~

L~'f}LLllf1V1~tJWolbachia ~~1rr'lJ1~LLri ""W'f}'W~tJ1fi~ri'f}

L~Ln~hf1LVl1ojf1'1 w. bancrofti(26.27)LL~::;B. malayi(g,26,27)

~'ILu'Whf1~~1l1~'Wlh:::L'VlP\1'V1tJ (28-30)LL~::;""W'f}'W~tJ1fi O.

volvulus (1031)~ri'f}L~Ln~Lj'f1 onchocerciasis ",1'f} river

blindness L'W1h:::L'VlP\LLtlll'Vl'hJ'f}1mm LU'W~'W'W'f}n91n

~~'I~llLLllf1V1~tJ Wolbachia 1~'W""W'f}'W~tJ1fiYJ~1~tJ

~ri'f}L~Ln~Lj'f1L'W~U'JJLL~::;LU.J'1 ~'f} D.immitis (24-26,31)~'1'W.

""W'f}'W~tJ1fiYJ~1~tJ'jju~~'W 1 ~~ll LLllf1V1~tJ Wolbachia

1~LLriUtomosoides sigmodontis, (26,32,33)B. pahangi (24.26.27.34)

LL~:::O. gibsoni (26.31,35)LU'W~'W~'I""W'f}'W~tJ1fiYJ~1~tJ

L",fi1~~llLU'Wlh~I?1L'WiI?11~1~'1n",'W LL'-I'1LL~:::il?1'flmu~ ~

~ 1~'1nrJ '1LL~:::m::;ihI?11'-1~ 1~1l ""W'f}'W~mfiYJ~1L~tJ

, " "

'jjU~1911'11 V1i1mj'~1j"19LL~'1U'W~'1'Wmni1mj'~~L~'f}

LLllf1V1L5-tJ Wolbachia tJnL'1'W""W'f}'W~mfiYJ~1L1tJ

Acanthocheilonema viteae LL~::;O. fIexuosa ~'ILU'Wlh~1?1

L'Wi1?11L~tJ'I~n~'1tJ'W~ ~hj~ll~ 1iJmj'~~ L~'f}LLllf1V1~tJ~

~'Infi1'1 (24,26.31,36)

13n1'Rn~1 Wolbachia

mj'~ n:Ii1 LLllf1V1~tJ Wolbachia L'W""W'f}'W~tJ1fi

YJ~1~tJL'Wj':::tJ:::LLm'f}1~tJ'f}lJnnJmrn~'f} n~'f}'IIOj~'Vlnp\-wq .

~L~f1I?1j"f}'W~'I LU'W'f}lJnmr~LojfL'Wmj'~ mn LLllf1V1L1tJ.

Wolbachia ~'ILLl91~~LLm9'Wti'li!99U'W 'W'f}n91n~~'I.

'f}1~m'Vlf1Uf1'Vl1'1immunohistology L~tI~1mnj"f}~~'W

Ld'f}~tJ1fi~'1mL'f}'W~1l'f}~~91L~1::;191'f}L'f}'W1"l13S catalase

~91LYn::;191'f}LLllf1V1~tJ Wolbachia (31) ",1'f}LojfLL'f}'W~1l'1J~

~91L~1::;191'f}LlJj'~'W~~'f}~1 heat shock protein 60
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G1'1"";2. ntJ~'f) genus species ']J'f)--1V1'W'f)'W~tJ1fi1'Wn~~yj~1~tJ~~md~m~1bbUflVl~tJWolbachia l!?)tJEM,
. ~ .. ...~...

(Electron microscope; mdY'\m~1~U!?)')tJn~'f)--1'~'V1ddY'\'W'f)L~fI[7]d'f)'W)IM (mdY'lnM1VUJ!?)')tJ')fi

immunohistology) bb~:; PCR (Polymerase Chain Reaction; md~nM1~U~')tJ';jfhJiJrntJ1~nl6Ji

l~~L~'f)fLd~ LL~:;';jfisequencing) ~tlJ~nMru+ VI~'1tJn--1 ~UbbUflVl~tJ Wolbachia ~tlJ~nMru....

VI~'1tJn--1hj~ULLUflVl~tJ Wolbachia LL~:;NO VlmtJn--1hJ1~v11md~nM1(Taylor et ai, 1999)

(hsp60) (31,32)';jfimd~nM1LLUflVl(1tJWolbachia ~')tJ

n~ 'f)--1'~'V1nY'\u~ L~fI[7]d'f)'Wbb~:;immunohistology

~'W ~1.h:;ltJ'JjU'f)Eh--1mn1'Wmd~nM1~1LLVI'll--1~'f)U']J'f)--1
'IJ

LLUflVl(jttJ~'f)U1'WC9l,)VI'W'f)'W~mfiyj~1 ~tJ f?1'f)m1~~md
'IJ

~nM1n--1~1d~'Wfimd~~Li)'WL'f)']J'f)--1 LLUflVl~tJ Wolbachia
q

l!?)tJ'f)1~m'V1f111f1'V11--1'f)b\f~')';j'V1tJ1 (molecular biology) ~--1

rl'f) 1~Ln!?)fI,)1~n1,)VI1X1'f)U1--1mn 1'Wmd~nM1 LLUflVl~tJ

Wolbachia l!?)tJH";jfi tliJ n1 m~ nl~ l~~ L~'f)fLd~

(PolymeraseChain Reaction; PCR)1'Wmn~~91'W,)'W

']J'f)--1~'W L-rl'W 168 rONA (~'W~~¥1--1~1d~'Wfindd~ ~--1LU'W,

~')'Wtld:;n'f)u']J'f)--1hlUl'1!~) VI'i'f)ftsZ (~'W~~¥1--1hh~'W~

H'1'WmnLU--1C9l')']J'f)--1LLUflVlL1tJ) (25-27) 1~Lt'f)~1'W')tJfI,)1~

~ ::;!?)')nf?1'f)md[7]d')9V11 bbUflVl L1tJ Wolbachia 1'WVI'W'f)'W

~tJ1fiyj~1L1tJ']j11!?)f?11--1 1 'f)U1--1mn L~'f)--191mu'W';jfi~~

fI,)1~1,)~--1 LL~:;LVlm:;numd~ nM1 LLUflVlL1tJ~'f)1~tJ'f)U
'IJ 'IJ

mtJ 1'WL'1!~;md~nM1~1C?1ULU~~')tJ';jfimd sequencing

technique 91n~'W~1~ v111lli~ojf'f)JqJ~~1V1rumd~nM1

'V11--1phylogeny ']J'f)--1LLUflVl~tJ Wolbachia f?1'f)1t1

Species EM IM PCR

Acanthocheilonema viteae - NO

Brugia malayi + NO +

B. pahangi + NO +

Dipetalonema setariosum NO NO

Dirofilaria immitis + + +

D. repens + NO +

Litomosoides sigmodontis +/- + +

Loa loa - NO NO

Mansonella ozzardi + NO NO

Onchocerca armillata NO + NO

O. fasciata + + NO

O. fIexuosa NO

O. gibsoni + + +

O. gutturosa NO + +

O. jakutensis + + NO

O. lienalis NO NO +

O. ochengi + + +

O. tarsicola NO + NO

O. volvulus + + +

Wuchereria bancrofti + NO +



612 ~'U;j3l' yjnn1.t,n'i LL6It Of'i""" 'U'Utl'ittJ'i.1 ..... Chula Med J

m-ae:nAmni'2l£h'lWolbachia luLuiif&i,..U£)u'VUI16n6l:J.I.. .

VJ~'L;tJ

lU(N~f)I?1"1J'f)~~U'f)U~tJ1fiYJ~1~tJl~'f) llJ.J~~1~

fUJ:;tJ:;1J.JLfl~YJ~1~tJ (microfilaria) 9:;iJn1~~I9.IJU1n1~

"1J'f)~1J.JLfl~YJ~1~tJ1U~!?1')'ii'f)U~:;tJ:;~1, 2 ll~:; 3 1?11J.J'IJ

~1~U L(9)mn(9)~ulullJ.J~~~1~:;']ju(9)l?h~ 1~~1J.J1nl~(9)

l~'f)(9)1~ (!?1')'f)th~l'l1UtJ~9:;dJu~1~:;"1J'f)~~tJ1fihfllyh.jh~).
~1?11lttJ~~n~')tJUJ.J9:;dJUdefinitive hosts "1J'f)~~tJ1filu

'IJ

n~ J.JYJ~1 (~tJ L(9)m~ 'f)L~~ 19ll~~ 1~bl n llJ.J~~(9) (9)l~'f)(9)~ iJ. 'IJ 'IJ
~ ,.. ~"" ..."" ,

l']j'f)~:;tJ:;I?1(9)I?1'f) (1?1')'f)'f)U~:;tJ:;'V1 3) ni?l m'f)'f)U91mlJ.J~~

9:;l'lh1ulUL~~l9lll~:;l91bl.JlUU~tJ1fi!?1,)llrl (adult) ~'f)1U
" d ~" , ... ".."",!/

~~ ~91n'V1 ~tJ1fi 1?1,)lln l~~lJ.J tJrJ~J.J~Ufi nul?1') lln l~~rJ. 'IJ
9:;'f)'f)n~n'f)'f)nJ.J1(~tJn~1 1J.JLfl~YJ~1(~tJ91nn1~~mn

'IJ

iUl~'f)~U'f)u~tJ1fiYJ~1(~m:;tJ:;~1~ 1 Jl1tJl~n~'f)~

'~'V1n~"rnl~fll?1~'f)Ull~:;n1~~mj'1'V11~immunohistology

~U~1~1m~bl~lJ lllJflVl~tJ Wolbachia lU~U'f)U~tJ1fi

YJ~1~tJ1~'V1m~tJ:;"1J'f)~')~~f)1?1(8) Li?ltJ~9:;~umnlu~tJ1fi
q

!?1')llrl l~~liJtJ llUflVl~tJ Wolbachia ~u1~U~tJ1fi!?1,) llrl

~~l~~~ll~:;l~~liJtJ~ hypodermal cells L(9)m'U~1:;u1mLJ'IJ

"1J'f)~ lateral cords (~U~ 5A) (8,10.24,31) ~1~flJ1U~U'f)U~tJ1fi'IJ

!?1')llrll~~ liJmJ~~U llUflVl~tJ Wolbachia 1~~~:;uu'f)rJm:;

~u~uf ~~~U'f)~1ul']j~;oogonia, oocyte ll~:;l']j~;~

'f)~~'f)uvlml11~ (cell layer surrounding the oviduct)

(~U~ 58) U'f)n91n~Jl1tJluJ.Ji?l~n (uterus) ~U~1 iJ'IJ 'IJ

lllJflVl(j-tJ Wolbachia 'f)tJlul']j~;~U'f)U~tJ1fi~:;tJ:;
'IJ

embryo ~fh~~l91bl.Jl~ULI?1 (lU~ 5C) ~,)J.J~~1J.JLfl~

YJfn lrtJ~ ~ul um:;ll~ l~ 'f)i?l"1J'f)~L~~19l(8,10,24)llUflVllrtJ

Wolbachia tl~~lJ1~u~u'f)u~tJ1fi!?1')'ii'f)m:;tJ:;~ 1, 2

ll~:; 3 ~'f)tJluL~~l9l~')nllJ.J~~ (10,24)'f)tJ1~hnI?11J.J91nn1~'IJ

~mnhj~u llUflVl~tJ Wolbachia ~~:;uu'f)rJm:;~u~U1f.
!/ ~

"1J'f)~l~~~ (testes) ~:;lJlJ'V11~l(9)U'f)1~1~ (esophagus ll~:;
, ~,. . .. ~ .. " "

Intestine) ltJ'f)1JrJ')(epltellum cells) ']jUl']j~~'V11JrJu~:j..ji?l~n

ll~:;f~1~ ~')uF1')U'f)n~i?l"1J'f)~~tJ1fi(cuticle) l']j~;U~:;~1'V1q

(nerve cells) ll~:;l']j~;n~1J.Jl~'f) (musclecells)(8,10,31)

llUflVllrtJ Wolbachia ~~lJlul']j~;"1J'f)~~U'f)U

~tJ1fiYJ~1~tJ!?1')'ii'f)U~:;tJ:;~1~ 1 ll~:;!?1,)llrl'f)19iJlur1~

n~J.Jr (spherical ~1'f) ovoid) ~~iJ"1Jmi?ll~U~1P1utTn~1~'IJ

u~:;mru 0.3 ti~ 0.51J.JLfl~lJ.Jl?1~~1'f)iJ~ur1~lUUllvl~"1JU1(9)'IJ

tJ1')u~:;mru 1.5 1J.JLfldlJ.J1?1dll~~U~1'f)19iJ"1JU1i?ltJ1')

~~i?lti~ 4.5 1J.JLfldlJ.JI?1~1~ll~:;iJl~iJ,~1P1utTmn~n~1~q 'IJ

u~:;mru 0.71J.JLfldlJ.Jl?1~(10,24)Li?lmlUflVl(~tJWolbachia

'f)1 ~ tJ'f)tJJl1tJl Ul ']j~ ;"1J'f)~ L~~ 19lU1l ')ru1']jLI?1~~1~J.J~~ l~'f)'IJ

,xJ.Jl']j~;"1J'f)~ Wolbachia u~:;n'f)U~')tJ 3 -ru Li?ltJ-rUU'f)nq

~i?l1~m91m']j~;"1J'f)~L~~19l ~')u-rulull~:;iun~1~luuq

l~'f),xJ.Jl']j~; 2 iU~~¥1~Li?lmlUflVl~m'f)~ (8,10,24)lUll~q

~:;l']j~;"1J'f)~L~~l9l,rU ~1J.J1~bl~UlluflVllrtJ Wolbachia~iJ

91U,)U~~ ll~ 1 l']j~;9uti~U~:;mru 15 l']j~; ll~:;Li?ltJ

~')1u~n~UllUflVl~tJ Wolbachia91u,)uJ.J1nlul']j~;"1J'f)~

~U'f)U~tJ1fi~:;tJ:;embryo ~~n1~~l91bl.Jl~ULI?1(24) U'f)n

91n~tl~~U~1 Wolbachia iJn1dllt1~!?1,)llUUbinary

fission (~U~ 50) ~~ l~~'f)W1Un1dllt1~!?1,)"1J'f)~lllJflVl~tJ'IJ

Li?ltJ~')1u1~

Phylogeny'2l£)\'I Wolbachia lu",u£)u'WtJ'16n6l:J.IVJ~'L;tJ.
91nn1~~mn phylogenetic tree "1J'f)~t1u 168

rONA "1J'f)~lllJflVllrtJ Wolbachia ~~ulU~U'f)U~tJ1fi

YJ~1lrtJ D. immitis flf~lldn,rU yhl,x~uu'jj'fJ1U~1""

llUflVl~tJ~~ulU~U'f)u~tJ1filun~J.JYJ~1~tJ~u 1 1,,\19:;

luun~m~mnwlulluflVllrtJ Wolbachia ~~ulu~')n
q

~1?11"1J1-li'f)~~~ 1~iJn1~~n'jj'1'V11~ phylogeny "1J'f)~

llUflVl lrtJ Wolbachia ~~ulU~U'f)U~tJ1fiYJ~1~tJ']jUi?l

~u 1 l~J.Jl~J.J (26,27) ~~91nn1~~n'jj'1'V11~ phylogeny L(9)tJ

n1~f) lflJ1:;v\~1~1JbU~"1J'f)~t1u 168 rONA "1J'f)~llUflVl ~tJ

~~ulU~U'f)U~tJ1fiYJ~1~tJ~1~ 1 9 species 1~llrl D.

immitis, D. repens, B. malayi, B. pahangi, L.

sigmodontis, O. ochengi, O. gipsoni, O. gutturosa

ll~:; W. bancrofti lmtJ1JbVltJlJnlJ~1~lJ"1J'f)~t1'U168

rONA "1J'f)~lllJflVllrtJ Wolbachia ~~ulU~1?11"1J1-li'f)

ll~:;lluflVllrtJ~'f)~lu genus ~1~ 11un~J.J Alpha

Proteobacteria 1?1~'f) i?l9UllU flVl ~tJ ~~ lUU!?1') ll'V1U"1J'f)~
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n~~ Beta, Gamma Proteobacteria LL'i;'1~LLUf1VlL1EJ~Liju. , ",~ ,~.. . ~ ....

(?1(HLV1U'll!J,m~~""i;'1n'fJu 1'lI!J'IEubactenaV1'1"'~~V1U!Jn

L",w!J'"Ilnn~~ Proteobacteria V'jU~lLLUf1VlL1EJ~V'ju1u,

"m!JuV'jtJ1fir?lrJn 'i;'1~n~ ~YI'i;'11L1EJ-1Il'1~u~u Ltlun~~ L~tJ'), ,

nu (monophyletic cluster) nu LLUf1VlL1tJWo/bachia ~V'ju

1U~(?11'l11-11!J~'I""i;'11EJ (26) LLUf1VlL1tJ Wo/bachia ~V'ju1u

V'j(Jn~(?11'l11-11!JLL'i;'1~"'U!JuV'jmfin~~YI'i;'11L1EJ~U '"Ilnmj',

~m~n phylogenetic tree 'i:~EJ!Jl~EJmmn-EJULVlEJU~lc;1U

LU~'lI!J'ImU 168 rDNA LL'i;'1~mU ftsZ V'ju~l~lmnHLtJ'I

Ltlun~mj!JEJ1~~n A!J n~~ A, B, C LL'i;'1~ D 'i:~EJ~n~~" ,

t!!JEJA LL'i;'1~B Ltlun~~'lI!J'ILLUf1VlL1EJWo/bachia ~V'jU,

1u'i:e1~I'lV'j'Jn~(?11'l11-11!J~'Jun~~t!!JEJ C LL'i;'1~D Ltlun~~, ,

'11!I 'I LLUf1VlL1EJ Wo/bachia ~V'ju1u'i:e1~l'lw'Jn",u'fJuV'jtJ1fi

A.

C.

YI 'i;'11L'1tJ(26) ~'ILLUf1VlL'1EJWo/bachia ~V'ju1u",u'fJU

V'jtJ1fiYl'i;'11L1tJ 9 species -1Il'1~U LLtJ'I1~Ltlun~~ C LL'i;'1~,
n~~ D c;1'1d n~~ C 1~LLri LLUf1VlL1tJ Wo/bachia ~V'ju1u, ,

"'U!JUV'jtJ1fiYl'i;'11L1tJD. immitis, D. repens, O. ochengi,

O. gipsoni LL'i;'1~O. gutturosa n~~ D 1~LLriLLUf1VlL1EJ

Wo/bachia ~V'ju1u",u!JUV'jtJ1fiYl'i;'11L1EJB. ma/ayi, B.

pahangi, W. bancrofti LL'i;'1~L. sigmodontis (~tJ~ 6)"
.. 'i' " FJ ....

U'fJn'"llnumj'P!n~ b~mumULV1EJU phylogenetic

tree 'lI'fJ'ImU 168 rDNA LL'i;'1~mUftsZ 'lI!J'ILLUf1VlL'1EJ

Wo/bachia ~V'ju1u",u!JuV'jtJ1fiYl'i;'11L1EJnU phylogenetic

tree 'lI!J'I 58 rDNA spacer regions 'lI!J'I'i:e1~I'lV'j'Jn

",u!JUV'jmfiYl'i;'11L'1EJ (37) L~!J~m~lml~~~~ujh~"'~l'1

LbUf1VlL'1EJWo/bachia nu'i:e1~I'lV'j'Jn",u!JuV'jtJ1fin~~ ,

B.

A

D.

LLW'1Vl b~tJ Wo/bachia "nn[)]'J'EJih\l~UL~'EJWW'EJ'WY1tJ1fin~~yjrn (~tJ b~'EJ(i)~'JtJn~'EJ\l9~V1~~~-wiJLMI71~'EJ'W
q ~ ." " ,,~ ~ ="" = ...,

bL1Jf')V1L~tJ~m~bL1J\lI71'Jbb1J1J binary fission (A) fl1Y1I71(i)'lI'J"N'J1'Wb'W'EJVI'W'EJ'WY1tJ1fi B. malayi bb~(i)\lV1'EJ~'lI'EJ\I

LL1Jf1Vl(~tJ1J1mw lateral cords (B) bb~~1J1L'Jru~'EJ1Jv1mjl1~(C) Lb1Jf')Vl(~wlltJ1'Wl~~1~f1Jmn,J~wb~'J

(fertilized egg) 91n[)]'J'EJih\lVl'W'EJ'WY1tJ1fi D. immitis bY1~Li'JtJ (D)

d
':itl\1 5.o.
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O. repens
O. immitis

O. ochengi

O. gibsoni

O. gutturosa

B. malayi

B. pahangi
W. bancrofti

~~l(jtJ,rU YiU~l phylogenetic tree "lI'f}":I'~~bLUf1Y1(jtJ

bL~::;"lI'f}~LfJ~19l~WJ13.H'1'f}~f1~'f}~d::;'L-dl~rlU(26)(d1J~ 6) ;~"

lYll~~ln~Yiu1uLfJ~l9lWJn~(Wr"lll-n'f}~'J'f}th~l'J!U ~~"lI'f}~

phylogenetic tree "lI'f}~bLUf1Y1(jtJ Wolbachia ~Yiu1u

~u'f}uYimfi~ ~1 L1tJ genus Dirofilaria ~ f1'Jl~1n~<n ~

rlUllUf1Y1L1tJ Wolbachia ~Yiu1u~u'f}uYimfi~~1(jtJ
,"""" .J

genus Onchocerca ~lnmlbLUf1'VlldtJ Wolbachia'VlYiU

1u~u'f}uYimfi~~1(jtJ genus ~Ul'J!Ugenus Brugia ll~::;

Wuchereria ll~::;l~'f}f)lf1d1::;\Xphylogenetic tree "lI'f}~ 5S

rDNAspacerregions1ULfJ~19l~WEluYimfi~~1(jtJ[?11~

Xie bL~::;f1ru::;(37)nYiU~l ~U'f}UYimfi~~1(jtJ1u genus

Dirofilaria~f1'Jl~1nM~rlU~U'f}uYimfi~~1(jtJ1u genus

Onchocerca ~lnn~1~U'f}uYimfi~~1(jtJ1u genus ~U

l'J!UrlU

Wolbachia phylogeny

n1~f.htJ'YI£I~U'll'llVertical transmission

n1dbLYi1l~'f}"lI'f}~bLUf1Y1(jtJ Wolbachia ~ Yiu1u
"

~u'f}uYimfi n~ ~~~1 L1tJYiU~1~ n1dllYi1l~'f)llUf1Y1L1tJ,
~ln~'Jll~1u~1u~n (verticaltransmission)d:JuwKn L~tJ'" "

'f}l~tJn1niltJ'Vl'f}~ l~'f}llUf1Y1(jtJ ~lU'Vll~1'J1L[?1Yi~l~;~"lI'f)~
, "

1~ (9,27);~l~~'f}UrlUmdbLYi1l~'f}"lI'f}~llUf1Y1(jtJ Wolbachia

~YiUJl1tJ1Ull~~~ species lYll~ 1 ~~d~lnn1d~mil
" "

<nUl U 'f}"lI'f}~~U'f}UYitJ1fi~ ~ 1 (1 mi' 'JtJn~ 'f)~~ ~'VldU'1'W,
- "-,. 0
'f}l~f1m'f}UbL~::;~'Jm'Vlf1Uf1 Immunohistology YiU'Jl

~lmdtlYiU llUf1Y1(jtJ Wolbachia 1~Jl1tJ1u1'11L[?1Yi~1~;~

'JJ'f)~l'J1~;~ u~ufi lYiP1l~tJ [?1~'f}~~U~l~ldtlm'J~Yiu,

Wolbachia 1~U~'J'fi'f}Ud::;tJ::; embryo ~fh~~l~1tlJl~U

L[?1lllYl~::;1~~lmdtlYiU bbUf1Y1(jtJ1~ UU1b'Jru d::;uu~u~ufi ,
" """" , """ ""

"lI'f}~lYiP1~~~n~l'JbL~'JUU U'f}n~lnU Taylor bL~::;f1ru::;

Host phylogeny

L. sigmodontis

arthropod wolbachiae

arthropod wolbachiae

":iu'¥i 6. n1~mntJtJlYlmJ phylogenetic tree 'JJ'fJ,mtJr1Yl~tJ Wolbachia ll~::;'JJ'fJ'IbeJ~I?lWJn"n'!'fJ'\.,mmfiyj~l~tJ..

bi?1tJphylogenetic tree ']J'fJ'IbeJ~1?l (host phylogeny) 1~~1~lnn1d';jlr1dl::;\f 58 rDNA spacer regions

(Xie et ai, 1994) ~'1't..!phylogenetic tree 'JJ'fJ'IlltJr1YlC~'tJ Wolbachia (symbiont phylogeny) 1~~1"1f1n1d

';jlr1dl::;\fU't..!168 rDNA LL~::;U't..! ftsZ f1~~ A, B, C Ll~::; D LU't..!f1~J.JtJ'fJtJ'JJ'fJ'ILLtJr1YlL~tJWolbachia ~YitJ1't..!, ,
beJ~I?lYi'1f1~(Wr']JliJ'fJLL~::;~'t..!'fJ't..!YimfiyjmC~tJ~'I1~"1f1n1d~mn phylogeny ']J'fJ'IU't..!168 rDNA

LL~::;U't..! ftsZ 'JJ'fJ'ILLtJr1Yl ~tJ (Bandi et ai, 1998) ("1f1 Bandi et ai, 1998)
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11i1Vl1 n11V1 ~~'f)--1 f.J~'u.J~'Wfi1.-l'W'f)'W~mfiyh'n L1tJr;1,) bbn B.
q

malayi b~P!~nU1.-l'W'f)'W~mfiYJ~1L1tJr;1,)bbnB. pahangi

b~P!b~tJ ~--111i1~n111.-11~1~1JbU~"JI'f)--1~'W168 rDNA "JI'f)--1

bbUf1VlL1tJ Wolbachia ~'f)£J1'Wb~~l'l"r--1~'f)--1species bb~,)"

~U~1~f1,)1).Jbbl?ln19l1--1"J1'f)--1~'W 168 rDNA 9--1U1mH'

~ ~1?l1).J~ mnn11bb~i b~ 'f)"JI'f)--1bbUf1Vl(~tJ Wo Iba chi a

91nr;1 ')'f)£J1--11).Jbf11YJ~1 L1tJi'W~ n~ 1m91n1.-l'W'f)'W~mfiq "

YJ~l Lrm~P!~1.-I1'f)b~P!b~tJ b~tJn11V1~~'f)--111i11-n~mfir;1,) bbn"
.. . ~..~ ~~. ...

b~P!b).JtJ"JI'f)--1B. pahangt f.J~).J~'W~nu~mfil?l,)bbm~P!~

'1J'f)--1 B. malayi b~'f)ii'im~l~l~UbU~'1J'f)--1U'W168 rDNA

'1J'f)--1bbUf1Vl L1tJ Wolbachia 1'W1).JbmYJ~1b'1tJi'W~n~U~lq "
..0 ~ .. ~ 0 ~ ..
).J~1~UbUo;:qb1.-l).J'f)'Wnu~1~UbU~"JI'f)--1tJ'W168 rDNA "JI'f)--1

bbUf1VlL1tJ Wolbachia ~~u1'Wr;1,)bbnr;1,)b~tJB. pahangi

Vlmh::;n11 9--1~1t111i1~1~n1Hb~i"JI'f)--1Wolbachia 91n
q q

1.-I'W'f)'W'V')mfiYJ~1 Lrm~P!b~mU'WbbUU vertical transmis-

sion 1t1'6'11.-1'W'f)'W~mfiYJ~lb'1tJi'W~n (27)" q "...
~11.-1fUn1Hb~ib~'f)"JI'f)--1bbUf1VlL1tJ Wolbachia Vl1--1

horizontal transmission 1::;1.-I~1--1genus "JI'f)--11.-1'W'f)'W~m

fiYJ~lLrm!'W ~U~1~1.-I~n~1'W~ bb~~--1f1,)1).JbU'W1t111i1 b~tJ....
~.. ..

f.J~91nn11,)bf1n::;1.-I phylogeny "JI'f)--1tJ'W 168 rDNA bb~::;

U'WftsZ "JI'f)--1 bbUf1VlL1tJ Wolbachia ~~u1'W1.-I'W'f)'W~mfi

YJ~lLrmmtJUbVltJunu phylogeny "JI'f)--1 58 rDNA spacer

regions "JI'f)--1b£]~l'l(37) ~~U~l~n1Hb~ib~'f)"JI'f)--1 bbUf1VlL1tJ

Wolbachia 91n~ltJfjtJ 1?J.J'W1n11'1J'f)--11.-1'W'f)'W~mfiYJ~1 LrtJ

Litomosoides (Litomosoides lineage) 1t1~ ~ltJ

fj tJ 1?J.J'W1n11'1J'f)--11.-1'W'f)'W~mfiYJ~1 L1tJ Wuchereria-Brugia

(Wuchereria- Brugia lineage) 1.-I1'f)bn~~'W11i11'WVl1--1n~U

n'W (26) (1t1~ 6) '6'1,)'Wn1Hb~ib~'f)"JI'f)--1 bbUf1Vl LrtJ Woibachia"

Vl1--1 horizontal transmission 1::;1.-I~1--1b£]~l'l~')n-KI?lt)"JI1-if'f)

nUb£]o;:ql'l~')n1.-l'W'f)'W~tJ1fiYJ~1L1tJ~'W1~~u1.-I~n~1'W~UU....

~'W'Wb1.-l1?ln11ru~--1mh') b~tJ~ ,)--1~fj 1?l"JI'f)--11.-1'W'f)'Wi"Imfi
q q

YJ~lLrtJ~'f)--1'f)1~tJb£]~l'li"l')mb).J~--1b~'f)n11~1?J.J'W1n11 ~n

~--11.-1'W'f)'Wi"ImfiYJ ~1 L1tJ bb~::;-K 1?lt)91i"1')n bb).J~--11911--1nbU'W

b~~l'l"JI'f)--1bbUf1VlLrtJ Wolbachia 1?l1).Jfin).J']j1~ 9--1vh1,x

bn ~-if'f)-K'W\ht~l'W~ 1 ~f1,)lmu'W1t111i11.-11'f)1~~ bbUf1VlLrtJ
....

...

Wolbachia 9::;~ n1Hbi"lib~'f)91n b£]~l'l91i"1')n bb).J~--11t1tJ--1

1.-I'W'f)'tmmfiYJ~1L1tJ 1.-I1'f)bbi"lib~'f)91n1.-l'W'f)'Wi"ImfiYJ~lLrtJ

1t1tJ--1b~~l'l91i"1')mb).J~--1 'f)£J1--1l1nI?l1).Jf.J~n11~mnVl1--1

.. .. '1 'i' ..
phylogeny "JI'f)--1bbUf1V1b1tJWolbachia b'Wb~~l?li"l')n1.-l'W'f)'W

i"ImfiYJ~1L1mb~::;"JI'f)--1-KI?lt)"JI1-if'f)91~')n19l1--1 1 ~'W v111,x

bbU--1bbUf1VlLrtJ Wolbachia 1Ii1bu'Wn~).J£J'f)tJA bb~::;B ~bU'Wq

n~ ).J"JI'f)--1Wolbachia ~i"IU1'W-KI?lt)"JI1-if'f) bb~::;n~).J£J'f)tJ
q q

C bb~::;D ~bu'Wn~).J"JI'f)--1 Wolbachia ~i"Iu1'W1.-I'W'f)'Wi"Imfi
q

YJ~lLrtJ ~--1~'W bbUf1VlLrtJ Wolbachia ~i"IU1'Wb£]~l'l"r--1~'f)--1
... , ......
~ ,~ ~ ... ~..

i"I')n'W'W 9--1).Jf1,)1).Jbbl?lnl?l1--1"J1'f)--1i"1'Wfim1).J1::;~U1.-I'W--1 VI--1'Wq

9 --1tJ--11~ ~ -if 'f)).J~~U U~'W 'Wn11bbi"li b~ 'f)'1J'f)--1bbUf1Vl b'1 tJ" q

Wolbachia Vl1--1 horizontal transmission 1::;1.-I~1--1b£]o;:ql'l

91i"1')n bb).J~--1 bb~ ::;1.-I'W'f)'Wi"ImfiYJ~1 L1tJ (26)

U't1U1't1t1eh'! Wolbachia r;ieJ'VI\HIU'WtI16n~ :J..IVh't1L:;tI.
91nn11~ mt1 phylogeny '1J'f)--1bbUf1Vlb'1tJ

. d ,.. ... ~
Wolbachta "1!--1i"1U,)1).J f1,)l).J~'f)~f1~'f)--1nu phylogeny

'1J'f)--1 b£]~ l'li"l')n1.-l'W'f)'Wi"Imfin~).JYJ~1 L1tJ bb~::;n11~~lmnl
q

i"IUbbUf1Vl b'1tJ Wolbachia 11i1~')1t11'W1.-I'W'f)'Wi"Imfin~).J
q

YJ~1 b'1tJ 1,)).J~ --1i"1u11i11 'WVIn~ 1tJ~'Wfi'1J'f)--1i"1mfiYJ~1 LrtJq q

bbl9l~::; species ~11i1~n11ii'im~1~'W bU'Wn11~UU~'W'Wq

f1,)1).J-K).J~'Wfi1::;1.-I~1--1bbUf1VlL1tJ Wolbachia bb~::;b£]~l'li"l')n

1.-I'W'f)'Wi"Imfin~).J~~1 ~f1,)1).J-K).J~'Wfin'W'f)£J1--11nM~I?l~'f)~q

1::;tJ::;b,)~1n11fjtJOO-J'W1n11"J1'f)--1~--1~~fjl?l"r--1~'f)--1 (4) b~tJ

bbUf1VlLrtJ Wolbachia 'f)1~tJn11ti1tJVI'f)~b~'f)1t1'6'1i'W~n'1J'f)--1"q "

b£]~l'lbbUUvertical transmission bu'W1.-I~n -if'f)).J~~'W~1'W" ....

b1.-l~1~ bU'W).J~mI?l9--119191'f)n11~--1~).J).J~~1'W~1 f1,)1).J" q" ....

-K).J~'Wfi1::;1.-I~1--1 bbUf1Vl b'1tJ Wolbachia bb~::;1.-I'W'f)'Wi"Imfi

YJ~lL1tJ~'WbU'WbbUU mutualism

n11ii'i mn1t1 bbUU f1,)1).J-K ).J~'Wfibb~::;UVl1J1V1'1J'f)--1"

bbUf1VlL1tJWolbachia ~~19l'f) b~~l'l1.-l'W'f)'Wi"ImfiYJ~lLrtJ~'W

11i1~n11V1~~'f)--1Y1~9'Wl~tJ Hoerauf bb~::;f1ru::; ~--1~UU~'W'W" q

f)')1).J-K).J~'Wfi1::;1.-I~1--1n'W~lbU'WbbUU mutualism (32) n11

VI~~'f)--1v11b~tJ1,xmtlB~')'W::; tetracycline bbiim~VI~~'f)--1

BALB/C mice n'f)'W1,xn11~~b~'f)i"ImfiLitomosoides
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sigmodontis bl?1EJ'fJ1~EJj;]'dlnthrvn~~u 1'V'1mfij;]'d'fJ'fJU

~~EJ~~l?1vl'fJ~1'fJ~~EJ~~3 LLfJ~1,xmtetracycline LLn~u..
,

'Vll?1fJ'fJ'I/Qjum~'Vl 'If1nJ L'dfJ1'1J'fJ'.:Jn1~~l?J.Ju1m~'V'Imfi L.

sig modontis /Qj1n j;]'d'fJ'fJU~~EJ~~ 3 ltILUU~~EJ~j;] 'dLLn
~ ~ ~
~, ~ "" ~

U U 'V'IU'd1~fJ/Qj1nm~~'JIULU'fJ'V'Imfi L. sigmodontis
~ ,,-, '-' ..~ '-' ~...

~~EJ~ {?l'dLLnl?1'dEJnfJ'fJ'I/QjfJ'Vl~dI"IU'fJLfJf1{?l~'fJ'W LLfJ~I?1'dmfi., ~ ~. .. '-' ~ "" ~'-' ~...
immunohistology 6J!'IEJ'fJ1-J'JIULU'fJ'V'Imfil?1'dEJLL'fJU{?lU'fJ1?1

~91L'V'I1~vl'fJhh~u hsp60 '!u hi~1m~tl{?l~'d/Qj'V'lU

LLUf1~ L1EJ Wolbachia 1~ 1U'1Jru~~~1m~tl{?l~'d/Qj'V'lU

LLUf1~L1EJ Wolbachia 1u~u'fJu'V'Imfi L. sigmodontis

~~EJ~j;]'d LLn {?l11-Jtln~ ~'Il~/Qj1nWl~'Vll?1fJ'fJ'In~1-J~~I?1L~'fJ

LLfJ~hJl~fum tetracycline (~\+'Vll?1fJ'fJ'In~1-Jf1'du"J1-J)

tI~~~'Vlfim'V'l'1J'fJ'Imtetracycline ~jj~fJri191?1LLUf1~L1EJ

Wolbachia 1U~U'Vll?1fJ'fJ'In~1-J~~I?1L~'fJL. si gmodontis.. .
'!u 'V'IU~1jjf1'd11-J~'fJI?1f1~'fJ'Inu~fJ1um~~uJ-'I~I?J.JU1m~

'1J'fJ'I'V'Imfi~~EJ~~3 lt1dJu'V'Imfi~~EJ~j;]'dLLn~'dEJ~'I~~tI.
, ... 0 ~. .

~fJm~'VlI?1~'fJ'I/Qj1nf11L'U~EJ/Qj1U'dU'V'Imfi L. slgmodontls

~~I?1L~'fJ1u~\+'Vll?1fJ'fJ'In~1-J~1~fumtetracycline bI?1EJ'V'IU

~1jj91U'dUU'fJEJn~1 Ld'fJLmEJU LV1EJUnU91U,)U'V'Imfi~~ ~

L~'fJ1u~u'VlI?1~'fJ'In~1-Jf1'dUf11-J~'d1-J~'Ijj~fJ~uJ-'Imn/Qj1ru.. . . ~

L~Ub{?l'1J'fJ'I'V'Imfi~'dEJ bI?1EJ'V'IU~1'V'1mfi L.sigmodontis~~EJ~

j;]'dLLn~~I?1L~'fJ1u~u'Vll?1fJ'fJ'In~1-J~1~fumtetracycline,!u.. .
jj'1JU11?1f1'd11-JEJ1'd'1J'fJ'I~1j;]'d~iunl?1t1n~

~
...~ '-' , . ...

m~'Vl(?J~'fJ'IUEJ'I'V'IUI?1'dm1m tetracycline 1-J~~

~uJ-'Im~'fJ'fJn~n l1-Jbf1~YJfJ1L1EJ'1J'fJ'I'V'Imfij;]'dLLnL'V'I~LjjEJ~'I..

LL~ 1?1'1 ~ ~/Qj1 nm~~hj~1m~tl'V'lul1-J bf1~YJ ~ 1 L1EJ'fJ'fJnm 1U

n~~LL~L~'fJ1?1'1J'fJ'I~un~1-J'VlI?1~'fJ'I~l~fum tetrac ycline.. .
~~'1J'fJ'ImtlD;'dU~~jjvl'fJmnL'V'Ii~ufd f111?1~1jj~~~UJ-'I

1U~~EJ~embryogenesis 1-J1nn~1jj~~vl'fJl1-Jbf1~YJ~1L1EJ

bI?1EJ{?lr'!Lri'fJ'I/Qj1n~~m~~mi1~ULd'fJ'V'ImfiL'V'I~LjjEJ'V'IU~1

hi'V'luj;]'d'fJ'fJU~~EJ~ embryo i'd1-Jnum~hj'V'luLLUf1~L1EJ

Wolbachia mEJ1u1-Jl?1~n~'dtJu'fJn/Qj1ndmtlD;'dU~~

hJ jj ~~~uJ-'Imn/Qj1'1.!L~Ub{?l'1J'fJ'ILLUf1V1L1EJ1u genus

Rickettsia l~LLnpenicillin, gentamicin LLfJ~ciprofloxacin

~'I1,xLLn~\+'Vll?1fJ'fJ'I~~(?JL~'fJ'V'ImfiL.sigmodontis,!'W

'V'IU~1mtlD;'dU~~'In~1'dhJjj~~1um~~uJ-'I~I?J.JU1m~

LL~~ m~LL'V'Ii~uf'1J'fJ'I~u'fJu'V'ImfiL. sigmodontis U'fJn

L~il'fJ/Qj1nm~~ n1i1~~'1J'fJ'Im tetracycline ~jj vl'fJ

~u'fJu'V'ImfiL. sigmodontis (32) '!u 1~jjm~~n1i1~~

'1J'fJ'Im tetracycline ~jjtl~~~'Vlfi111'V'1ri19I?1LLUf1~L1EJ
~

Wolbachia ~'fJI?1f1~'fJ'Inu~fJ1um~~u~'I~~EJ~embry-

ogenesis'1J'fJ'I~U'fJU'V'Imfi B. pahangi (34)LLfJ~'V'ImfiD.

immitis (34.38)~,)EJ

/Qj1nmii)Lf1~1~1X~~m~'VlI?1~'fJ'I'1J'fJ'Im tetracycline
, ~ . ~

'Vl1-J{?l'fJ~U'fJU'V'Imfi L. sigmodontls LU'fJ'I1-J1/Qj1n~~'1J'fJ'Im

1um~ri19I?1LLUf1~L1EJWolbachia,!u jjf1,)11-JLuult11~~1

mtlD;'dU~ tetracycline '!u jj~~~'Ivl'fJLLUf1~L1EJ

Wolbachia LLfJ~vl'fJ~u'fJ'W'V'ImfiYJfJ1 L1EJbI?1EJ{?lr'l'fJrh'lhfi

{?l11-J m~'VlI?1~'fJ'I1,xm tetracycline LLn~rW)'VlI?1~'fJ'I~~1?1

L~'fJ'V'Imfi A. viteae ~'ILUu~u'fJu'V'ImfiYJ~1L1EJ~jjm~
~

nEJ'I1ULL~'d~1 hJ'V'IULLUf1~L1tJ Wolbachia UU 'V'IU~1m

tetracycline hjjj~~~uJ-'Im~~I?J.JU1m~'1J'fJ'I'V'ImfiA.

viteae j;]'d'fJ'fJU~~EJ~~3 lt1Luu'V'Imfi~~EJ~j;]'dLLn(32)

m~ri191?1LLUf1V1L1EJWolbachia 'e)'fJn/Qj1nb£]~r;\~u'fJ'W'V'Imfi

YJ~1L1EJ~'I~~m~'VlUvl'fJm~~1Lilu'd'l;'i){?l'1J'fJ'I~u'fJu'V'Imfi

{?l11-Jtln~ bI?1EJLLUf1~L1EJWolbachia jjU'VlU1'Vlvl'fJm~

~I?J.JU1m~ LL~~mnL'V'Ii~'Wfi'1J'fJ'I'V'ImfiYJfJ1L1EJ'!U LUU.
m~~UU~UU~1-J1-J~ ~1Uf1'd11-J~1-J~ufi~~~~1'1 LLUf1~ L1EJq '..
Wolbachia LLfJ~b£]~r;\~u'fJu'V'ImfiYJ fJ1 L1EJ~1LUULLUU

mutualism 'fJrh'lhfi~ f1'd11-J¥V11'1;'d'i)'Vlm~U~1U~'I.. ..
n~ln"11'fJ'If1'd11-J~1-J~wfJ~~~1'1nud~'Ihjl~jjm~~n1i1

LLUf1~L1EJWolbachia jjtl~~bEJ'JIULt'fJ'f11U,)EJ~1~11?1~1'fJ

jj f1'd11-J91LUUvl'fJL1-J{?l1U'fJ~;1-J11?1'1J'fJ'I~u'fJu'V'ImfiYJfJ1L1EJ

91LUU~/Qj~~'fJ'Ijjm~~n1i1vl'fJlt1 b~EJUn'i)'Vlm~1~{?lff111?1

~1m~~n1i1UbU1-J'1J'fJ'ILLUf1V1L1EJ Wolbachia /Qj~LUU~U

~1u1un1~{?l'fJU~1tl11-J L~~1dl~~..

Wolbachia LUU~'lh:::TtI'Uu1Un11f'11\Jf'l3-I T1f'1 filariasis.

1U'rl'd'lL'dfJ1n~12 'Vl~'d~~1i~~1U1-J1l~jjm~

~ I?J.JU1m~1~fu1ojf1um~fn1i1 LL~~f1'dUf11-Jhf1L'vhojf1'1.
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LL~:::'l~fJonchocerciasis !}th'lI?i!}L~'f)'I L~!}Vl1'1t:,ml~m

LVI~1~'W~fJru~~~l'W mn11~1tJ..r'l~mfiYJ~1~m:::tJ:::
q

L'l'JLLn(macrofilaricidal effect) u~:::~:::tJ:::1~'lfJ~YJ~1~tJ

(microfilaricidal effect) LL[:.J'W'I1'Wl'Wm~fJ'JufJ~L1fJLYf1.
.01'1vY'J'l~n~'W !}'Ifl n1~!}'W1~ tJ'l~nHf LL'W:::ihl~1-nm

diethylcarbamazine (DEC) l'WLLVI~'I~'W~~~mn:::1J1(?)

"lJ!}'IL1fJLYf1.o1'1L~~1:::m DEC ~[:.J~I?i!}~:::tJ:::1~'lfJ~YJ~1~tJ

LL~:::~[:.J~U1'1I?i!}~:::tJ:::L'l'Jun 9'1~!}'Il ~m ~(?)I?i!}n'WVI~1tJfJ¥'I

"lJ'W1(?)LL~:::mmruf1Jlh:::'Vl1'W"lJ!}'ImDEC ~!}'Iflm~

!}'W1~tJ'l~nLL'W:::U1 ("lJ'W1(?) 6 1~'lfJmf~I?i!}J1wWnL'l'J 1

m~nf~) ~'W L~!}l~m~~1I?lnlh:::~'Ifl~9:::ih4'(?)L1fJLYf1. .
.o1'11~VI~(?)1tIJl1tJl'W20 11 (~,PI. 2563) ~1LU'W~!}'I~m~

1~~(?)I?i!}n'WLu'WL'J~1'W1'W5-10 11 (39) L~!}lh:::~'VlfiJl1~~'I
qJ

~(?)l'Wm~fmt1 LL~:::fJ'JUfJ~'l~fJ~'I~!}'Im ~tJfJ'J1~1'J~~!}q q

!}Ei1'1~91nt:rthtJl'W~'W~~:::U1(?)'W!}n91n~m DEC nn
qJ qJ

~1~l.ol 'Wm~fmt1 'l~fJLYf1.o1'I1'W~'W~~LU'WLLVI~'I~:::1J1(?)

"lJ!}'I..r'l'l~fJLYf1.o1'11'J~nu'l~fJ onchocerciasis 'l(p1tJl~~

n1~1-nm ivermectin LL'Vl'W~1V1fum~fmt1'l~fJLYf1.o1'11'J~

nu'l~fJ onchocerciasis 1'W~'W~~'W L~!}'I91nm~l.om

DEC l'Wn1~fmt1'l~fJ onchocerciasis .yhl~Ln(?)[:.J~-ii1'1

L~tJ'II?i!}m ~'ILU'W'f1'Wl?lntJ!}Ei1'1~1nl?i'f)t:rthtJ1~ 91nn1~qJ

~mt1~U~1 m ivermectin ~lh:::~'VlfiJl1~'I11~1tJ~mfi

~:::tJ:::1~'lfJ~YJ~1~tJ(mature microfilaria) L'vh~'W9'1hJ
"

v v 0 v ... = v 0 "'" 0

~1~1~ntJ utJ'I m 1LL~~~'Wfi"lJ!}'I~mfil?l'Jun L~PIL~tJ!}m'l.
m'J~1~ m~fm~t19'1~!}'I'I11!}Ei1'1I?i!}L~!}'ILU'W~:::tJ:::L'J~1

VI~1tJ1I c;1'1~'Wm~fmt1L1fJ filariasis 1'Wih9u'W~'W tJ'I.
~1 LU'W9:::~!}'I~ m~~ l?J-J'W1fJru~~U~"lJ!}'Im LL~:::'Vl(?)~!}'I.
mL'l'JlmJ 1 ~1V1fum~fmt1I?i!}1t1 L~!}lm~m~~~ru

~ ~u~l 'Wm~'I11~1tJ~mfiYJ ~ 1 ~tJ!}Ei1'1 fJ11Jtl'J'W

91n[:.J~n1~~n~1~'ItI~:::~'Vlfin1~"lJ!}'ItJ1 ~trn-

cycline ~~I?i!}~mfiYJ~1~tJ~'W 'I111~Ln(?)u'W'J'Vl1'1m~fj4'tJ

L~!}U1m tetracycline mtl~:::!JnI?l1.o~1V1fufn~1 LL~:::

fJ'JufJ~hfJ filariasis 1'WfJ'WI?i!}1t1'l(?)tJ-ii!}~~91nn1~'Vl(?)~!}'I
q qJ

~'I~UU~'W'WfJ'J1~LU'W1t11~c;1'1n~1'J~'W~~tl1~c;1'1~ m~l~. q
m tetracycline dj'W~:::tJ:::L'J~1t1~:::mru 1 L~'f)'WLLn~l?l'r

'Vl(?)~!}'I 'l(?)tJ~~1~ "lJru:::~VI'W'f)'W~tJ1fiYh~1L1m"l1(\jd~I'W
"

v 0 .. "0 ... ... 0'" ..

~:::tJ:::I?l'J LLn~~\!~ruu~'J ~U,)1'l112-J1~t1tJU'Nn1~LL~~V'I'W~

'JJ!}'I~mfiL'l,)LLriL~P\L~tJl'W~:::c;1uembryogenesis ~f1n'11

'Vl(?)~!}'Ic;1'1n~1'J~'W1~~m~~n~11'W~[Jltf'Vl~~'fJ\I"'f11tJ'JIil~
"

0 , "'" 0'" ..

LL~:::~U'J1m tetracycline 2-J[:.J~tJUtJ'In1~LLV'I~V'I'W~"lJ'fJ\I

~mfi L. sigmodontis (32) 0, immitis (34,38)LLf1:::B.

pahangi (34,40)'W'fJn91n~ ~~"lJ'f)'Im tetracycline "I1nn1~
0" "

~n~11'WVI\f'Vl(?)~'f)'IVl~(?)L~'f)B. pahangi \!'W ~tI~:::'ltJ'JI\!

1?i!}n1~~n~1'l~mYf1ojf1\11'W~'W'f)~1\12-J1n~1",fun1~~n~1
0-

'l~fJonchocerciasis l'W~l?ltf'Vl(?)~'fJ'IU'W1~~n1~'Vl~f1'fJ\ll~

m~fn~1rJf,)tJm oxytetracycline LLn1,)~~~Lf'fJo.

ochengi LiJ'W~:::tJ:::L,)f11'W1'W6 L~'fJ'WV'lU~1tJ1~\lmh')~~ru

~~~I?i!}m~tJuJ'I~:::tJ::: embryogenesis l'WV'ltJ'ifiL'l')LLn

L~PI L~tJ LL~:::~[:.J~'I11f11tJV'lmfi~:::tJ:::ri(') LLn(macrofilaricidal

effect) ~')tJ ~'ItJ\I[:.J~1~~1m~t1fn~1V'1tJ1fi'llJl1V'1"lJ'fJ'Ibf1

~~'JVlU'I (41)1~Jl1tJl'W~:::tJ:::L,)~19 L~'fJ'Wn1~~n~11'W~[Jltf

'Vl(?)~'f)'I~'ItI~:::~'VlfiJl1V'1"lJ'fJ\ltJ1tetracycline LL~:::'fJ~~'Wfi
0 "

"lJ!}'Im tetracycline Vl~ [:.J~tJmj'\ln11'fJ'f)n~ n12-J'lf11

YJ ~1 (~tJ'JJ'fJ\lV'lm fi L'l') LLn LV'IPI L~tJ LL~:::[:.Jf11'W1:::tJ:::tJ1')~'fJ
"

~mfiYJ ~1 L'1m:::tJ:::L'l') LLnU'W Lt!'WtI~:::1tJ'JI\!'fJlh\l2-J1n

~1V1fu m~~n~1 L~'fJtI~:::tJn1?l1-n1'Wn11fn~1 LL~:::f1')U f12-J
q q

L1fJ filariasis 1'W~'W1?i'fJ1t1

Wolbachia LL~:!:'W!J'6RI1"Wn"Lnj;1 T, PILti',oU'\'I

~ mfi~n1V'11 'W~ 11'JtJ~~ (?)Lf'fJV'ltJ1fi'l~f1 LYf1.0 1\1~

~1 LVll?lm91n"'~1m194'tJ 'W'fJn"l1n9:::Ln~"I1nV'ltJ1fibfJ
q

'" " 0;- '" J' ..01
L'Vl1"1!1'1b(?)tJI?lNU~,) 'fJ1m~m9~'WLLNmn"lJ'WL'W'fJ\I"I1n

tI;) i'nm'Vl1'1n ~ ff ~n'W'JJ(fh111\1mtJ~iJ~'fJ'lI1~",i\l'"11nL'l,)dJ qJ q

-0;- _do J "(31)
~mfi b(?)m'UV'l1:::91n~mfi'Vln1f1'19:::[Jl1tJ"'~'fJ'Vl[;l1mL~,)

91nm~~ n~1~U LLU~VlbTtJWolbachiaLt!'W~1'W,)'W2-J1n

u1 L')ruL~!}L~'f)"lJ!}'I~mfi yj~1 L1tJ~:::tJ:::~1\11 ~\ln~ 1')

~'W iJfJ'J1~ LU 'W1t11rJf ~ 1 UU f1V1 bTtJ'"1:::~ ntl ~ (?)tI~ 'fJtJ'fJ'fJn

m91n~mfiYJ ~1 L'1tJn1tJ",K\ln1~[;l1tJ ",1'fJ'l(?)tJn~1nn11

'ilun1tJ~1~1?i1'1 1 "lJ'fJ\I~mfi(8) LL'fJ'W~L'"1'W'JIil(?)~1\1 1U'W

L6Jj~~ UUfJV1 L'1tJ ",1"f) LL'f)'W~L'"1'W~1nn1~tI~(?)tI~'fJtJ'l(?)tJ
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.. "-,, v
L"1!'tI'WlJ'EI'ILLUfI'VlL1EJ"1!'I~lmnlm::;(;]'\.J1::;UUm.Jfl3-JnU'lJ'EI'I. ....
~tI'JEJ~~~ L~'ElYiE.l1fi~'tI1 LrEJ1Ji"EItJ 1'1 ~~ U '1:1199 ::;~U'VltJ1'Vl...

L~mojj"EI'IrluYiE.l1fi~Jl1Yi'lJ'EI'Imnnj;] L1f1 filariasis Ji"JEJ

91nm1'Vl~'tI'EI'IL~EJ Taylor LL'tI::;flru::;YiU~l~11

~rl~91nYiE.l1fi~'tI1LrEJB. malayi ~lm1(lm::;~u1~L"1!'tI~

LYi1::;LtEJ'ILL3-JfILfl1~19V1-K'I turner necrosis factor (TNF)-

a LL'tI::; interleukin (lL)-1P ;'ILUU proinflammatory
. . "..J , v -

cytokme 'Vl1V1U1'Vl(;]'ElU~U'EI'I(;]'EI'lJu'Jum1'E1nL~ULL'tI::;(;]~

L~'EI 1'J3-J~'I~tJ'tI1~VI-K'I nitric oxide (NO) 'EltJ1'1L1fi(;]13-J

~11~rl~91nYiE.l1fi A. viteae ;'ILUUYiE.l1fi~'tI1LrEJ~~m1

nEJ'I1ULL~'J~lhJYi1JLLUflVlLrEJ Wolbachia ~U YiU~112J

~13-J11(ln1::;Uf ULL3-JfILfl1~191~~ m1(;]'ElU~U'EI'I~'In'C11'J.
1Ji'(42) ~'I~U9'1f11~~lLL'ElU~L9U~~1fi'ru~'Elm1m::;Ufu~ q

LL3-JfILfl1~193-J1"11nLLUflVl LrEJWolbachia "I1nm1~mn

m1(;]'ElU~U'EI'I'Vl1'1Jli'1A'3-JrlU~'Elm1~~ L~'ElYiU~11't1hJLYi~....
LL"1!flfl1L1j;)(lipopolysaccharide,LPS) ~~nWllYim::;~u

L3-JLU1"1!f1LL'tI::;LL3-JflLfl1~1"11~~m1V1-K'ITNF-a LL'tI::; IL-1
, "

1J11um3-J1ruVl~'I m1'Vl~'tI'EI'Iil1Ji'~m1~~"IU~1 LL'ElU~L9U... ...

..J, ... "'. "
'Vlfl1~'J1WI"llnLLUfI'VlL1EJWolbachla LL'tI::;~13-J11(lm::;(;]U.
m1(;]'ElU~U'EI'I'lJ'EI'I LL3-JfILfl1~19~U ~ flru~3-JU~ LUU~11.
LPS (42)

uij n1E.11m1(;]'ElU~U'EI'I'Vl1'11Ji'1~3-Jrlu1u~tI'JEJ

L1f1 L'Vh-if1'1 LUU~'JUVlrt'l'lJ'EI'I mnn ~YiE.l1fi~Jl1Yi'lJ'EI'I L1f1~

~lfi'ru "I1nm1~n1i1~ ~lU3-J1tJ'IhJ~m1~1U'EltJ1'1 LL'Il-K~~ .
~1 1::;UUfli'1A'3-JrluJi'lu1~~U'VlU1'VlVl~ n1uYiE.l1fin1LU~... .
'lJ'EI'IL1f1Lvh-if1'1'EltJ1'1L1fi(;]13-Jm1'Vl~'tI'EI'I~~L~'ElYiE.l1fi B.

malayi LLnVl~'Vl~'tI'EI'I~~fI'J13-Jij~un~'lJ'EI'Im1~(ij.JU1m1

'lJ'EI'I~'El3-J1'Vl3J~(athymic mice) ;'IYh1~VI~'Vl~'tI'EI'Id12J
..J - a..J ~

~lm1(lYiUT cell 'VlL"I1n.JL(;]3-J'Vl(matureT cell) Vl1'E1YiU

1Ji'u'ElEJ~U YiU~lm1~n1i11::;~u1"1!L(;]1f1U<J1U~~1'1191n

r;]'J'EI tJ 1'1~ 1 LVI~'EI'I~U1L 'J ruYiE.l1fi~Jl1Yi"1J'EI'I L1f1'lJ'EI'IVI'tI'Elj;]

" " , ,
'111LVI~'EI'I'l!U ~13-J11(l(;]1'J"IYiu1"1!L(;]1f1UVl Lnmojj"EI'IrlUm1

~m~u1Ji'LLn IL-1,IL-6,TNF- a LL'tI::; GM-CSF(43) 91nm1
..J, v -

'Vl~'tI'EI'I'VlYiU'J1~11~n~"I1nYiE.l1fiB. malayi ~13-J11(l

m::;UfULL3-JflLfl1~191~~m1V1-K'I1"1!L(;]1f1UTNF- a LL'tI::; IL-.

1 P 1Ji' LL'tI::;~m1~~"IULL~'J~lLL'ElU~L9U~~U'VlU1'Vl~'EI"
m1m::;Ufu~'EI~11 LPS 91nLLUflVlLrEJWolbachia 'l!u.
~11~'l!n';)'VlE.l1~1~(;]ffl1~~1 LLUflVlLrEJWolbachia ~~'JU

L~mojj"EI'IrlUm nn ~YiE.l1fi~Jl1Yi1UL1f1LVh-if1'1 nl'j'~n1i1

';)9EJ~'El1un'ln'tl1n LL'tI::;U'VlU1'Vl'lJ'EI'ILLUflVlLrEJWolbachia

~~~'ElYiE.l1fin1LU~'lJ'EI'IL1f1LVl1-if1'1 9::;'1i'JE.l1~Lojj'119

fin3-J<J11~'lJ'EI'IL1f1;'ILuutJ'tI1~~m1'J1'1LLtJum1fn1i1 LL'tI::;

U'EI'Irlumnn ~YiE.l1fi~Jl1Yi 1u L1f1LVl1-if1'11Ji'~~'I~u

U'EIn91 nuJ1mE.l1'Vl1'1fl i'1A'3-JrlU'lJ'EI'I11'1mEJ9::;~:...J ... ,

U'VlU1'Vl~'ElYiE.l1fi~Jl1Yi9Un'l~11~Ln~'El1m1~1'1 1 'lJ'EI'I

L1f1LVl1-if1'1LL~'J m1~n1i1n'ln'tl1nmnnj;]tJ'tIojj'l'1L~EJ'I~'EI

E.I1(drug-associated adverse reaction) Jl1EJVI~'I91n

~tI'JEJ1Ji'fuE.I1fn1i1 L1f1LVl1-if1'1~U YiU~lm1l91'E1U~U'El'l...

'V11'1fli'1 A'3-JrlU'lJ'EI'I11'1mEJ~~ ~'EI LL'ElU~L"IU;'IU'tlI'}U'C1'E1EJ... ,
, v _..J. v ~ ..J

'EI'EIn3-J1'E1EJ1'13-J1n3-J1EJ 91nl91'JYiEJ1fi'Vln1't1'1"1::;(;]lEJ Vl1'E1'Vl

1911EJLL~'JLrt'El'l91 n ~V1ffE.l1 ~1Ji'fu Lojj'11u~u~UV1U 1V1~ 1 fi'n.J

1::;~UfI'J1WULLN'lJ'EI'ItJ'tI-n1'1L~EJ'I~'ElE.I1 DEC ;'ILUUE.I1~
q

Hfn1i1L1f1LVI 1-if1'11UU99UU~U ~u'EltJrlm::;~u'lJ'EI'I, ...

13-JLfl1~'tI1 LrEJJl1EJ1 um::;LL~ L~'EI~'lJ'EI'I~tI'JEJri'Elum1fmn...

~tI'JEJhflLVl1-if1'1~~1::;~u13-JLfl1~'tI1 LrEJ1un1::;LL~ L~'EI~~'I... ...

L~'El1Ji'fuE.I1fn1i1'lJU1~ L~EJ'JrlUrlU ~tI'JEJ~~1::;~u13-J Lfl1...

~'tI1LrEJ~1~U YiU~1~tI'JE.I~'In'C11'J9::;~'El1m191ntJ'tI-n1'1...

L~EJ'I~'ElE.I11ULL1'1n~1~tI'JEJ~m3-JLfl1~'tI1LrEJ1u1::;~U~1 (44)q ...

'El1m1tJ'tI-n 1'1 L~ EJ'I ~'ElE.I11 U~ tI'JEJ~1Ji'fuE.I1fmn L1f1 LVl1...

-if1'1 1Ji'LLn m1~Hf~'I U'JI'}~11i::; l.h~.jf'ElLL'tI::;n~l3-JL~'EI...
" "

... ':! ~".. "'~"'.I ..,...
LL'tI::;L'JEJW411i::; LuUl91U "1!'I'1:I1m1V1 b3-JYi'lu1::;~'IflLVI'tI1U

LUUU ruVl1~'Elm1f1'JUfl3-JL1f1 LVl1-if1'1 Lrt'El'l"lln LUUm1't1 ~
~ q

fI'J13-J1'J3-J~'El1um1fn1i1'lJ'EI'I~tI'JEJ...

n'tl1nmnn I'}tJ'tI-n1'1 L~E.I'I~'ElE.I1tJ'I12J~m1~1u~,

LL'Il-K~ 'EltJ1'1L1fi19113-JfI1 ~~1 LL'ElU~L9U91n r;]'JYiE.l1fiL~EJ

~ 'i' ~I J '1 .. ".'1"
LIflYi1::;1::;EJ::;b3-Jbfl1Yi'tl1 L1E.I'VlYiUbum::;LL~ L'tI'EI~'lJ'EI'ItJu'JEJ"1!'I

...

fUU1::;V11UE.I1fmn~u Luur;]'Jm::;Ufu~~l fi'ru~'EIm 1(;]'ElU, ~

~U'EI'I1~~m1~~1'1 proinflammatory cytokine ~1'11 (45)

91flm1'Vl ~'tI'EI'IYiU LL'ElU~ L9U91n LLUflVlLrEJ Wolbachia

~13-J11(lm::;Ufu1~LL3-JfI Lfl1~1"1(;]'ElU~U'EI'I LL'tI::;VI-K'IL"1!L(;]1f1U,
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~ b~m-n1!--1rlutlDmtJ1rndr5nb~U d,)J-J~--1f1,)1J-J biJ'W1t11t91

~ bbUf1~~t/IOj::;'1ntl~ ~tI~1!t/1!1! nlOj1n ~')~tJ1fi~~l ~t/1t91~'W'IJ

vhl1Xbil~~J-JJ-J~~l'W~lbbUf1~l1t/ Wolbachia iJ~,)'Wb~t/')...
"... = = """', "'""

'1J1!--1nu~mD~m~rndbn~~W1J1--1bf1t/--1~1!m 'Jj--1~d1--1f1,)1~

'\.h~'WllOj bbn\!'nfJ'VltJ1f'11~ ~fl'Wrnd~IOj::;~mn bb~::;~~lOjoJii--1'IJ

n~1nl711!1t1 'W1!nIOj1n~~~1Oj1nrnd'Vl~~1!--1~~mn ~--1~')t/

l1XiJ rnd')l--1 bb~'Wrndrmn ldf1 bVl1.jf1--11t91~b~1!tld::;~'Vlfi

'i' "" "
m~~--1~~'lJ1!--1rndf1,)Uf1~ bdf1b'Vl1'1!1--1~')t/'IJ , ,

iit'atl.
mdf)'W~UWolbachia lmm1!'W~mfin~~~~l~t/,

1t91n1!l1Xbn~f1,)lJ-J~'WllOjbb~::;rnd~mnii--1f1,)l~~mrwf

'1J1!--1~--1iJ~fJ~~--12 '1!ij~ Y~m'U~l::;ii--1f1,)l~~l~ClJ'lJ1!--1

Wolbachia 1711!m d~u~'Wfi bb~::;rn db1Oj1ru'lJ1!--1V1'W1!'W~mfi, ~

~~1 ~t/ bb~::;dJ'Wbf111!--1ij1!1 'Wmd~ mn~,)fJ'Vlm'lJ1!--1V1'W1!'W

~tJ1fi~ ~1 l1t/ ~~1! ~1Oj'Wf1,)lwu'W1t11t911'Wrnd~ lOj::;biJ'W

bU1V1~1t/1V1JJ b~1!rndrmn ldf1'lJ1!--1~tJ1fin~~~ ;--1d')~,"
... 'i' "" " ""'......
[1--1bdf1b'Vl1'1!1--1~')t/ 'W1!nIOj1n'Wf11df'1mnmU'VlU1'Vl'lJ1!--1

Wolbachia l711!~tJ1fi~m~'lJ1!--1Ydf1f\bU'W~--1~fhK--1~mn

rl'WmJ f1,)1J-Jfl1,)V1U1'lJ1!--1rnd~mn9Y'W~'lJ1!--1 Wolbachia'IJ

1Oj1nV1'W1!'W~tJ1fi B. malayi bb~::;f11dfJbf1d1::;\f9Y'W~'lJ1!--1

Wolbachia 1'W~~rJ'lJ1-n1! 1Oj::;v1111Xb-n111Oj~,)fJ'VltJ1'lJ1!--1

Wolbachia b1!--1~~1!~IOj'WHb1nt/Ub~t/uii--1bbUf1~l1t/'1!ij~

~'W~ 1!1~ t/1!tJl 'Wb'Jj~;'IJ
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