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Porksakorn C, Nuchprayoon S. The roles of Wolbachia in arthropods and filarial parasites.
Chuia Med J 2001 Jul; 45(7): 603 - 22

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 filarial wolbachiae can be classified into four main lineages (A, B, C, and D). Wolbachia
have evolved a mutualistic association with their hosts. It has been suggested that Wolbachia

might contribute to the pathogenesis of filarial diseases and offer a novel target for chemotherapy.
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Wolbachia \ThuwuafiFeiifiecendue luad
mQQEQﬁﬁﬁmLﬁﬁﬁu (obligate intracellular bacteria) R
Wolbachia axwusnluigadtidnnissuuadtnsfuwug
909A7173 a7 ulaasd (host) uwuafiFe Wolbachia
gnamag luwan Alpha Proteobacteria tiwReniy
wuafiFelu genus Rickettsia  uax Ehrlichia ®® uay
W uani@ nlu order Rickettsiales ® @arunsawu
WuATi 38 Wolbachia EWalU AT nsmandnd
4149 (arthropods) ﬁlf‘{m'ﬂgj'm class Insecta, class
Arachnida WA class Crustacea 1 phylum Arthropoda
(A19197 1) UAYAINNIAITIAUNAY species AN 1
(uwnaadnagilu class Insecta) wuduuAfiFe Wolbachia
ATALAQNNINNTGT 16 iWafidusieaianuau species u
Ka R © 'luﬁﬁuaui":mu'lmy'L‘ﬂuuumﬁﬁnﬁuﬁ
1 LA (Drosophila spp., %famﬂry Af fruit flies)
tNAE (Aedes spp.) BNLU (Culex spp.) WAZAGD
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41N9N parasitic wasps WWusu ©  uananiinandmd
) 14 d“ a . A ar '
g1dedu - 1y wansals (mites) Fadnaglu class
Arachnida Laywan isopods MHuA woodlouse WuN1?
AadeuuaiTa Wolbachia Hiduiu ®” unumess
wuAR e Wolbachia Tudndandeiudvianiminlfife
cytoplasmic incompatibility, parthenogenesis Wag
feminization @elsingnizalmaniiiinasenisliu
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15191 1. laasasuuaiiide Wolbachia R1ANNNTI 89w L (ARudadann O'Neill et al, 1997)

Phylum Class Order lAun Genus
Nematoda Phasmidia Spirurida Brugia, Wuchereria,
Onchocerca, Dirofilaria Wax
Litomosoides
Arthropoda Crustacea Isopoda Armadillidiidae
Arachnida Acariformes
Insecta Coleoptera
Diptera Aedes, Culex WAy Drosophila
Hemiptera
Hymenoptera Trichogramma, Aphytis, Encarsia,
Leptopilina War Muscidifurax
Lepidoptera

Orthoptera
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Aunn Tnuansanuuwuai Ta Wolbachia 19l
wuaunweNBAINaNnguRai e (filarial nematodes) R
éun wueunesTsamingne (Wuchereria bancrofti uag
Brugia malayi) {0usi “*® Tnemuaunengsanaungs
WarFadmaglu Phylum Nematoda, superfamily
Filarioidea, family Onchocercidae MIAUNLLLAT e
Wolbachia WilagswanuaumeniianGeniu vinliin
NALAND NN NNTIRLRENINEANARTIN WuAf e
Wolbachia a1aasildouiRendaasuneddanwaainis
RalsefanGaieda (flarasis) 3ailulsadndenine
anwenafanaslunguil Semadalsauindnadon vie
wuafi Ga Wolbachia araaziiwtlmunalunisinm
1sm filariasis uuamnaluunufiuanenisinenlsady
Feinadhadoeresnguuazsniudesliinisind
naanaun1sFnelualaanssanuaune i lanGe
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Aaaawilunan 4410

Wolbachia ludaiuda

wuATIGE Wolbachia Wiiamnandndande
8Fumuaulaanmininandranfuuiuieu 8o 1
Toe/TuTl w.A. 2467 Hertig wax Wolbach $18UN1$AY
wuwuaiFanelugadudnnildeasganiu Cuex
pipiens diagaasndasanssm uazsanldlideun
LuATGeRwuTn Wolbachia pipientis " nasseanilu
Afari T eun IwLILLAT BY Wolbachia
a¥ausnludnismanunasdae

LT 3t Wolbachia wuldwaeiidani i
Taaswandndande 13 nnuiiaferesssuneiuacdy
Aughidasihufionild (ovaries) vie Stume (testes)
ga9laad 71" porwdi Wolbachia ThauuniiGefte de
agfluadansdalidanminty  uasdeligmnsamny
Aeaneueniaduadlaadidlagdamnsdsadalng
Wl fadunsdasiuunuuafiGe Wolbachia tnta At
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AR WNTATFN 4 e lienEs etndlsfisnu
WafinsWmuinaiianeangdainen Saldun nisis
uuarswugnsslaedBUfATegnidindwesisa
(Polymerase Chain Reaction, PCR) 2248w 16S
DNA faufunisdmalinlunmsnrageuaisuiualu
a1eugnesuABe (Sequencing technique) M lWn1g
A e phylogeny 1eauuriFefianduegluasaiilu

} ] J o ] e ©
14 maemawduns@ee uieAaniIsaRaILun
uasAnmuuAiiFa Wolbachia Tulaamatinanin

Phylogeny %24 Wolbachia lufsnigda

AINNITANE phylogenetic tree 18498W 16S
(DNA 129ULATIGE Wolbachia finyludeiiddaiiiy
Taasfniinsing  wuduuaiiFe Wolbachia Tudndanda
wiiauenlsifu 2 nguaAe nqu A uaz B (Cluster A uay
B) (219 UBNANT HAAINNNTRATIEN phylogenetic tree
flu 165 DNA 189UUAT 381 Wolbachia wuinliifiaana
aamARaINY phylogeny yasRafiTanmanuua iy
Taad @ Faatnagu wwafide Wolbachia inluunas
Wi Drosophila simulans "?ilx‘l’ﬂvmﬂgl:'lu order Diptera #l
AR NS IN&F AfuLLAT Bt Wolbachia Ay lu
LuaIINE dananeiu Ephestia cautella %ﬁmﬂgj‘lu
order Lepidoptera NNNIMULARTE Wolbachia finy
lug Aedes albopictus Uaz Culex pipiens %d'ﬁ'ﬂﬂg}
1 order Diptera (iudta LA (U7 1)

WLAT 38 Wolbachia Tiwululaasidnetluy
order AINAUUARANUANANNIIRLGNITHTTUIN Y
Yior uassiiansunddaveauuniie Wolbachia lug
Tasmanuaaasing < seudng order 16 09 daiFundn
horizontal transmission u'ﬂnﬁ’mﬁ n’lﬁ‘LLWi"L%'amm
w3t Wolbachia fimunneluunas species @
fuwudidluui vertical transmission tuvan ©© (g

niwiduundsuni@euunaiide Wolbachia lugiugn

a T <

nlalananadn (cytoplasm) TedasAuiugwALle
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4 L 1 z !
(egg) anushlinunsuns@earnnadilgiugn
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Wolbachia (Culex pipiens)

Wolbachia (Tribolium confusum)

Wolbachia (Hypera postica)

— Wolbachia (Aedes albopictus)

{ Wolbachia (Drosophila simulans Hawaii)
Wolbachia (Ephestia cautella)

— Wolbachia (Drosophila simulans Riverside)

Anaplasma marginale 4
Ehrlichia risticii

E Rickettsia prowazekii Non-Wolbachia

Rickettsia typhi

— Rickettsia rickettsi

waufl phylogenetic tree A1nNNSAATIIE 165 rONA 193ULATIGFE Wolbachia g wuARFY

Ehrlichia risticii, Anaplasma marginale Wz Rickettsia spp. (non-Wolbachia) FauuahGevanuaiiu
an"Bnlungs Alpha Proteobacteria (fauLlasann O'Neill et al, 1992)

UNUIMYas Wolbachia sialadswandnivide
wuAR 38 Wolbachia anAuagatinalnddiniu
aaFamn dulaasivainuataatia Insununeed
] v ¥
WuANGE Wolbachia Piimalaasmiu In13senuaiausn
Tut) w.a. 2514 Tt Yen waz Barr Tawuduuaiide
Wolbachia \lugnwmaaenisifiadsangnisainGand
cytoplasmic incompatibility " NWLINBNNITHANINA
£ %3 - ¥ e ) o €a
HUACINALNEUBIENLNU Culex pipiens IMANEWUGNY
(317 2) wawe cytoplasmic incompatibility $ 1WA
88U (zygote) Ianun v Issie i)l uasmelu
d‘ . 3 1 &2 a Ay 3 =4
7iqn (zygotic death) AMaufugNINinTuiaawTe
TifaTuan AnnN1maaeiaNugeNtinu Cx. pipiens
Rt 1gy AnTnaNiwAanewug Hamburg Ay
wAfltataWug Ogglehausen WA zygotic death
(cytoplasmic incompatibility) WAtIINITHANINAE
anuWug Ogglehausen LWATAEWUE Hamburg
Urngiwadaeangnldtuauniuung (compatibiity)
annsAnsminlimsudtatewug Hamburg Wuse
\iauLANTy Wolbachia dauatewig Ogglehausen

v v
Unlifadeuunsii Fa Wolbachia lauaguwudn
dsngnarad cytoplasmic incompatibility AnTuann
; AP 1 P e
NTNANTTWININALARRTBLLATIFE Wolbachia fiu
[l 2 3
wallen ifindeuuaiFy Wolbachia lunnduri
v
cytoplasmic incompatibility az Liifiaaiuseninnisuan
PR P 1 ol - . e Yol 4
wAllaARaTauLATIFY Wolbachia LIWALNARTS
v
wuAR 38 Wolbachia vite WiRad@auuafisa Wolbachia
Amu wananniinuléidn cytoplasmic incompatibility
a X vy o PR p a
AnuliannsnanuNsanAfuazwaleninIgin
174 '
58 Wolbachai insantwugiu (317 2)
e’all - 3 d”v ]
nalnratmngnisalfifisduideliinisa
] 1 ' - 1 -:d ]
wduew uiAnduuaf Fadnalnunadwnlinase
e s A uWugraanAg N auuAi T8 Wolbachia
NTUANTENINAITITN (sperm) wazld (egg) auiiimiilu
o ] dl L’ ] - -l al
sodaufianyrnifaserdanalndoumasteduuaie
Wolbachia Seaglultlanaradnaasgadiuiugina
< ¥ <l i - l‘ﬂl ol - -3 vl
dle FunveilebifinnsindeunafiFeiachifinalnnng
dnemdagasduiufinag dawalisadaunldainnig
nanldgwraadyduiasia s
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% . (gv " |Alive
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$ 5 @1 — | Zygotic death

Le s sLsps | o X ' o W 1o
Usangn1snd cytoplasmic incompatibility (Cl) ARnT s auf e swATeR I AnE e uLATIGY

. o , a X
Wolbachia ( 9) fuunaamAdRRndauLARFE Wolbachia (./') (a) VIBNATUIININNITNANUNAUNALTE
(Q. T ) fuunaamag (&7 "' ) AinnsAndeuuafis Wolbachia mewuguansneiy (b) Taeiileiia
cytoplasmic incompatibility w9 \unaliia zygotic death

Ann18179Us NN cytoplasmic
incompatibility Tun1suannAgaBRugAInTRnTe
wuAH 3t Wolbachia uwalaaawugi Wifinsiaiie
wuAfie Wolbachia 184uNaWITRAGN 4 (Drosophila
spp.) WNFN wudmanTenuRsAadauiugnuNas

A o X v ) v @ v [y Al v
vaifnaunuldiusssAudndes 1dunnisfildug
[ 1 d‘ a d!l £ %3 ] - <& 1=l
uauugniietuliasaindning autabifiuanseny
P | & § v o \ ad e
Anau FevnnealinadruuiugnaUnfidaiey
o o Y P o gal 1l
AunsanuaIwAuaswAsaaWuA lilinag
Aalauunii3e Wolbachia 18

UNUINUALA2INE UW US Teud 1uuafl Fe
Wolbachia iug«idiaidulaadaiunsonulalugl
wuudu fesned19luunasiasautsdmaniieg lu

genus Trichogramma, Aphytis, Encarsia, Leptopilina

WAz Muscidifurax (Taanity Aa parasitic wasp) AN
5730975 [ 3l I Funsauanangs a A uwugvag
1 3
wavsasiefieglu genus warll aviiaflusiaiugn
v 1

e aianun douliftldfuntsnaniifadusdasie
! ) < ] a 4‘ o o

fugninAlladuiy RFungluuuseanisduiugioy

.~ [ 14 - :’/ d" 1]
UsAanmisnanwugudaldgninmfl e anunildn
parthenogenesis WuU thelytoky (Parthenogenesis
wanede guuuresnIuiufiianninldfalidingu
gniiguysniannlafitmaannisuanwug) uazFansa
Faaniian thelytokous parasitic wasp ustasinglsfinnu
TudnngFeunfignuugiizeseiniagatlsyann 28 e
aFeatianinngn 30 asangaidaa wudaleitlalasu
NITHANAINITAARUNUFINAL L2558 thelytokous LW
] 1
Wefiarduetmusssnadmaiinadusosomadly ©
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Tl w.A. 2533 Stouthamer uazAE MN1Iaaaslne
Wit tetracycline %‘aﬁﬂ?zaw%mw'lumiéusj”qmm?ty
wulnaesuuaR Fawan Rickettsia WNRasa thelytokous
WAl WudnaTeden tetracycline el ETL
NTHANTBIIIAD thelytokous iwAaRnTugugnsia
pamadld sl bild Funisuananaiasie
thelytokous weilefi Ll Fusn tetracycline igu
anisewal an LN %@ﬁﬁimmnmﬂﬁ%quz
tetracycline TouMeAasewaNgRIMYRTIguTs Tiua

o o

Andnaadniiduaivunaes thelytoky lusasiamnale

Afinsfiade 2 nnsdnurdeniwudn wuad e
Wolbachia iwuneilulslawanaduaadlanlaiidfunns
N \ugmeres parthenogenesis WL thelytoky
Tuunassiasianan parasitic wasp '?
wananiludadannan isopod crustaceans
i woodlouse WhifhatefiAraanisasuremuman
109uuAf 38 Wolbachia Wilrelaaifiaduas Ta
srsnmATesdniamansng 4 finduaulasinleuiy
ABIYA TnstulmineR dFuananweuazwiduilade
fuuanadhunad viame e luiuanauuannisting
NEANNAUGNITNTBIUNULAR (Mendelian inheritance)
dmfulu woodiouse wAdlafilastultumeidu wz
downadfilasiulaumadu 72z TnalasTulsunwede

g fypu o .
Z NUul’WﬂQV]N Nﬂﬂ’JUﬂNW MUINT184 androgenic

(a) OVZZX QWZ
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gland Jufhuadtiziafaasiuumad drliinnsain
safluuwadlu wudidnwusreanAiisazuandaan
11 @ W woodlouse Al eniufumwadanaguy
TasTulawadle (W) Fanannavinauassdunadin i
TifimsaFrazeluunwadann androgenic gland HAA
o cl!/d = 6) ' 11 3 '
liin1suanseanvaanAlle © adlsinauwudn
T woodlouse IWARELNAERUFA NN TORARTUgN 1
v
Wumadlavianun widnazilasiulsumady 2z usy
= [ a’l’l . .
Gunusngnisniuuniidy feminization ann1sAnm
WU WA 3t Wolbachia \lutladeinwuamagiiuuy
v
17 {mer Wolbachia A¥NANTINIITULEN androgenic
1) :: ] 4‘ - 1 e falln
gland " ANUNTUQN woodlouse TANAAMUNAUGNFIA
x i
\weuuaiiFy Wolbachia witnasiilaslutunwadiu zz
flazlANHUILNITUAAIBBNTIDINANCN (17 3)
Taevialumumeing <) 1e9uuAREe Wolbachia
wudr ldnaliinameFrausesiedldinfidulaasin
a1duet] atinglsfisnu Tull w.a. 2540 Min uaz Benzer
WU unaAseNugARegdundn® (X-chromo-
some deficiency strain) JAMuNANRUFALUNITNL
WUAT (381 Wolbachia UF IMANBIUAZITAUY URY
Anwouriifanudngndnemanuiainui nmeaesiag
4’4 . ' =l o l’: 4‘ 4
it tetracycline urmwaagevugil Fadunali
ANT0NARULANGE Wolbachia 16l axwudniu
gnilgasenganiing @

— O'ZZ +$ wzZ

(b) OvZZ X gEWZ + Wol. 9 WZ +Wol,; 9 ZZ + Wol

< o o i ) e , o '
gﬂ‘n 3. wuANide Wolbachia Lﬂuﬂ@fwmuumwmﬁﬂlu woodlouse AFandn feminization (b) mmﬂuwuq’nmm

woodlouse LWﬁNLL‘Z‘]"LWﬂLNiIVllNNﬂ’\TNﬂL%’DLLUﬂV]LTﬂ Wolbachia 'a“'lﬁumwmuquanmﬂu I.I.ﬂ.,LWﬂLNEWI’mﬂ{]

mi‘mmmmmqwuﬁnﬁu'nmLuutmﬂ (a) 47U woodlouse LWﬁLNilﬂ’]ﬂWuﬁVlﬂﬁl%ﬂlL'IJPWILi‘?_I Wolbachia (Wol.) 3o

umunmwmm“lmmm;uqnwmeanwmzmmmﬁmamuum WiNas AN UM IIRUGNITHIBANALTRATM (b)
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Wolbachia (Trichogramma deion) 4
Wolbachia (Culex pipiens)
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— Rickettsia rickettsii
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DU RN ffinsdrsaaudariu downniniiinde
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Acanthocheilonema viteae WAz O. flexuosa %ﬂLﬂuﬂﬁm
ludmdidnegninnun i lhinudniinisiadeunniice

ﬁ\lﬂd’l’) (24,26 .31,36)

38n15Anw1 Wolbachia

nsAnw LA Ee Wolbachia Tumuauwend
AanFelusruzusnandegunanindnda naasqanssel
Baanseu daduglnofildlunisd neuuail 3o
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#1519 2. 11878 genus species IaanUBUNENS lunguRNaGeRTinsAnuLAT 3 Wolbachia Tat EM

(Electron microscope; NsAN¥NUIENdasqanssAmidiaansa) IM (nsAn LIS

immunohistology) W&z PCR (Polymerase Chain Reaction; mi‘ﬁm:r’]wuﬁ')ﬂ"“fﬁ‘ﬂf]ﬁ?‘mgﬂ‘f“ﬁ

awasisa uads sequencing) dryanmnl + wunails wuwua®iFe Wolbachia drydnund

et LinuuuaiGa Wolbachia uaz ND wunedaldldvianis@nmn (Taylor et al, 1999)

Species IM PCR
Acanthocheilonema viteae ND -
Brugia malayi + ND +
B. pahangi + ND +
Dipetalonema setariosum ND ND
Dirofilaria immitis + + +
D. repens + ND +
Litomosoides sigmodontis +/- + +
Loa loa ND ND
Mansonella ozzardi + ND ND
Onchocerca armillata + ND
O. fasciata + + ND
O. flexuosa - ND
O. gibsoni + + +
O. gutturosa + +
O. jakutensis + + ND
O. lienalis ND +
O. ochengi + + +
O. tarsicola + ND
O. volvulus + + +
Wuchereria bancrofti + ND +

(hsp60) ©"*? ARn1sANMIULAT T8 Wolbachia fag
nd 299 an33AUB LAARTAUUAL immunohistology
:’« ol s ] o ' a" 1
Wi QusrlamdadaunniunisAnmsumisiegaes
Aol A o aa o | ol
wuanFeeg ludvusuna ilarFe  sannlatinng
Anwieansugnesudidueresuuniide Wolbachia
Insedunatianisang@aingn (molecular biology) @4
1 Y = } % 2% [] |
naliiiaauimuiiatnamanlunisdneuuai e
Wolbachia 1atld38 U5 A% ugnld Iwd wefiss
(Polymerase Chain Reaction: PCR) lun1s1fina 1wy

vsfiu 1y 165 DNA (Eufiafreanaiugnasu adlu
doutlrznaureslstulon) vie sz Euiairolilsfui
1 lunsutesareuunad Be) 22 §desuinniy
ATANFAANIIATIAUNUUAR (38 Wolbachia luvuau
wendfaGFeaianig o atamnn wesanidudai
rrlageuazinnziunisAnmuuad Gaiedueg
e lusad nsAnRIALWLARLE3ENNT sequencing
technique ANEUTIA M lideyadmsunsdnm
N4 phylogeny 983uLIATI 38 Wolbachia gl



612 UANT NANWINT Uae J319A yulseys
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as = =l . . . ) o
SuseazlulasWan®e (microfilaria) axdn1sWmMuUINIg
wadlulasfanFeligidauscasd 1, 2 waz 3 Aw
a9t Teendaduluunaanve g 7 figu909
=4 Y, o ] 1 o v v
wanld (Fhatatu geaziflunvzaaswanslzawindng)
dndiaegninaunaziily definitive hosts 2aanendlu

| e - P - -1 - P
nguRande Tnolalaasnanilgnuuasgaideanil
Tasrashinne (Foseustesh 3) AR MaauaInuuad
azid i lulagsuaziadoydunendsun (adult) sald
uﬁmmﬁwmﬁﬁmﬁmeﬁﬂmuﬁuﬁﬁuﬁqummé

= 0 - =l

azaangnaann1dundn lulasiaFe annsdnm
A’I d’l’ o o =l 1 % )2
TuillanuauneiWarFaszazsing 9 nelindes
RaN9IAUBIAARTEUUATNIIANHIN immunohistology
WUIIEINITONUURLARITE Wolbachia luvuaunsni
RanGelsynizuzaensdin @ lnaaznuunnlunens
Fawrwadle wuaiize Wolbachia wuldlunwegsoun
anAuaziwAiEf hypodermal cells Tasannziizinnu
284 lateral cords (3171 5A) ®°**Y Gt lunuaunens
faunnAdBsanuwLAR T Wolbachia léMTsuuatuas
Auviug Tawuegluiad oogonia, oocyte UATITART
agrauvianlt (cell layer surrounding the oviduct)
(zU# 5B) uenaniinialunngn (uterus) wudn
WUAT 38 Wolbachia o luad uuaunendrrey
embryo Wnndusiauduls (3% 5C) saunslulag
AanGefinulunszuaidanvaalaas @0 yuaf By
Wolbachia flawulélunueunedmaaussasi 1, 2
uar 3 Riagulaasmanuuas ©2 adlsinnu aannis

T

AnmlinuwuafiFe Wolbachia issunefuasduwig
2RUNALY (testes) TEULNNIAUBMNST (esophagus UAY
intestine) Lﬁl'm__lﬁfl (epitelium cells) ‘%uvmdﬁquﬁaum@n
uaziald doufiauangareanend (cuticle) Lsaslszam
(nerve cells) uazgadndiie (muscle cells) &%)

WA 38 Wolbachia Anwululadaeavuay
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wenEaFasiagauszazang  uazioun aafigding
nax (spherical W3e ovoid) Feflundutinguinany
Uszannu 0.3 19 0.5 Tulasims vedigtsaihuuvisnne
g1adszannd 1.5 lulaniuns usiwudnenafiauinein
figate 4.5 Iulanmmsld ussidudinguinaraning
Uz 0.7 lulasiums "2 TaeuuriiGe Wolbachia
auagmelugadreddaamBualalamadiiade
Yuuragaes Wolbachia Usznaudag 3 $u aeduuan
galfuranigadeslaas doutuluuasdunanadu
detuad 2 fufiafrlaouuafiGoes @02
aiTadradlansiiu annsanLLLATRY Wolbachia Il
Sruaudau 1 wadaulivdszinm 15 was  ustlng
yioluinwuunafi 3a Wolbachia Suausnnluradaes
NUBUNENETEHE embryo "’ﬁqﬁﬁm?ng@uim ®9 yan
AN aNL91 Wolbachia TinAsuLiafauwy binary

fission (31 5D) FaumieutiunirutisneIuuATiGy
Taeimialulef

Phylogeny Y89 Wolbachia ‘luﬂuauwmﬁnsiuﬂmﬁu

AINNTANEN phylogenetic tree 1838iu 16S
rDNA 229uuAR (58 Wolbachia AWLTUMUAUNENS

1 % i 74
AanFe D. immitis ATAUTATTU nldullegda
PP a P a P | )

wuah FainuluvuaunenglungaianFeau 4 wias
Wlunquimaaiuiuuuaii G Wolbachia Ainuluwan
dnderda el 1ATn19RnwIMe phylogeny 784
WA 38 Wolbachia AinulunuaunaninatFusiia
B BN @2 FaarnnisAnmae phylogeny Tag
N1FUATITHAAUILIATEEU 16S rDNA 189UUARISE
AnvlumiaunedfarFasiag q 9 species 1duri D.
immitis, D. repens, B. malayi, B. pahangi, L.
sigmodontis, O. ochengi, O. gipsoni, O. gutturosa
way W. bancrofti \WisuWsufussuaeediu 16S
rDNA 299uuni (38 Wolbachia Ainuludndanda

o A ' |
wazuuaFaNnaglu genus #19 q lungu Alpha

. e A o

Proteobacteria AaanauuuANisy  dailudiunuees
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ngN Beta, Gamma Proteobacteria uazuuARFany
) v H
AOUNLIRINGNUANEY 7 284 Eubacteria Viauuafiuan
P . g ! aa A
IMUBANNQN Proteobacteria wudruuanFannwuluy
a o 1A = ¥ v ’a’/ 1 al
wuaunenafnaNnguiarFadauiy Wunguimen
1114 (monophyletic cluster) fiuiu AN (381 Wolbachia iwu
Tudndandenavats ® wuafiGe Wolbachia iwulu
v
nandndindeuaruuauneninguilanFati aannis
Anm phylogenetic tree InaandunisiFauieuansu
WAYE3EW 165 rDNA UAEY fsZ WUANEINNTONLN
\flungueianléidn Aa nqu A, B, C uaz D Taaiingu
ot A uar B lunguresuuniiFe Wolbachia Ainu
Tulaaswandmianda doungueies C waz D ungu

2RULAN 78 Wolbachia Awululagsnanuiauneis

unumzasuuaifaliavnisludnivrdauasnednauilanse 613

WHa1de @ FauuafiBo Wolbachia Aiwulunuay
WenaNaNTe 9 species 19su wivlAidungu C uay
ngja D fail nga C ldun wuAiize Woibachia finyily
waunwensWan3e D. immitis, D. repens, O. ochengi,
O. gipsoni uaz O. gutturosa ngx D un wuA#Fe
Wolbachia Awuluueunesianie B. malayi, B.
pahangi, W. bancrofti Ua¥ L. sigmodontis (gll‘?‘; 6)
yananiimsAnelne Ren e phylogenetic
tree 21998U 16S rDNA wazfiu ftsZ 109uuAf e
Wolbachia iwLilumaunendianGeiu phylogenetic
tree 984 5S rDNA spacer regions 1831aasnan
wuauNeINAN G @ IleAnsAnuduRus TN

wuAfl (38 Wolbachia ulaasiwanuuaunendngu

o . o - 1 a_ i oa d % % ea
3UN 5. uuAfiFe Wolbachia AnsateuilowuaunednguilanGy legfandasqanssmBiaansen

-

. . e o 1 a . {
wuARFufinnsutefauuy binary fission (A) NWARLINTULUDUUBUNENE B. malayi meﬁﬂqmm
-l

WuATIFELUTI0 lateral cords (B) waztFnnsauvietiled (C) wuafiFunialwlefldfunisuanudn

(fertilized egg) AMNFAIBLINNUBUNENG D. immitis \WAILTE (D)
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FanFedu wudn phylogenetic tree TaaMaLLATIGEY
wazaaslaasiinonaannfasssudnaiu @ (glh'?'i 6) %4
sinsannimululaasandndanda daetnatu uates
phylogenetic tree JaauLAT 38 Wolbachia Aiwulu
nuaunasWanFe genus Dirofilaria iAanIndta
fuuuadl 3u Wolbachia AnuluvuaunandianFe
genus Onchocerca NINNINWLATFE Wolbachia finy
TunueunenBAa G genus auLt genus Brugia Uas
Wuchereria uaziiiaRiasest phylogenetic tree 184 55
rDNA spacer regions TulaasiuuaunadlanFennu
Xie uwazane ® fiwudn nuaunwesianFely genus
Dirofilaria §aanuInadaiuvuaunaniianFelu genus
Onchocerca NnndmuaLwe 3 anGelu genus A

AT

Wolbachia phylogeny

—— D. repens —
—— D. immitis —
—— O. ochengi —
0. gibsoni
—— O. gutturosa ——
— B. malayi —
—— B. pahangi ——
W. bancrofti

L. sigmodontis
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A1SA1ENAALUY Vertical transmission
nMsunsiiavasuunii3e Wolbachia Aiwulu
- R~ - ' =l ] 3 o =l
WaUNEIENgNRATFEWNLI Tnsund Feuuaii Gy
ansiaudluguan (vertical transmission) luvwdn ot
! .3" =l 1 =S
ardunisirenenmeuuAFur unelslananatuees
] - o ] 1 .
14 ©2” Famileurunsundidiareuuniie Wolbachia
finuneluungs species AN Malann1sAN
v 2
Tulllaramuaune1E A anF ufcand e anssau
flapnTauLazA2tinAllA immunohistology Wu41
aunsanuuuAiiEy Wolbachia lenelulalawanad
21T AUN U INAI 8 AABAIUAINITOATIANY
Wolbachia i lusdauszey embryo AfNauaeydiu
17 wiazlianansonuuuafGeliluFuussunduiug

v 2
RUNAGAING1UATY WaNANTl Taylor uATANE

Host phylogeny

arthropod wolbachiae

arthropod wolbachiae

3Uf 6. nsufFauifisy phylogenetic tree 183uuATiGY Wolbachia uazaasisaimanuusuneiiae

Tntl phylogenetic tree a89laas (host phylogeny) 1dn1ainmsiiasizit 5S rDNA spacer regions

(Xie et al, 1994) d2u phylogenetic tree waauuAiFy Wolbachia (symbiont phylogeny) Wunannns

AAgziiiu 16S rONA warilu fisZ ngu A, B, C uax D lungueiasasuuniife Wolbachia finuly

TaasfwandndandeuazvusuneiianGe deldannnis@nen phylogeny 2098iu 16S rDNA
wazElu fisZ 1n9uUARIFY (Bandi et al, 1998) (AN Bandi et al, 1998)
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IiansmaaasnanRuguuaunes a1 Gesioun 8.
malayi \WASTUWIAUNENERANFasaun B. pahangi
medle 39lETnIaAuIaTa9El 16S DNA 284
wuAR Bt Wolbachia Heglulaasmfaae species uda
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193uuAR 38 Wolbachia ululasfanFaugnwud
Harduiuawmileuiusanduiuaresdiu 16S rDNA 184
wuATiGe Wolbachia Awulusaursally B. pahangi
nndsenns Asagdlddninsundens Wolbachia an
vuaune1sNaGuwadiaduuuy vertical transmis-
sion TuguuauneniRarFajugn @
FMFUNTUN R8s ULIATIGE Wolbachia N4
horizontal transmission 219 genus TBIUUBUNEN
FanGaty wuddndngwiuansprandulUls ta
NARINNNTIATIEU phylogeny 199EU 16S rDNA Uaz
81 fisz vequLATGE Wolbachia Tiwulumueunens
AanFuwlfaudeuiu phylogeny 184 5S rDNA spacer
regions 104188 @ AnudndinnsunsiFarecuuaiie
Wolbachia A N@1tRFmuUINITI8IuuauUneslanGe
Litomosoides (Litomosoides lineage) VIJJQ A1l
FTMUNTUBINUBUNEENANTY Wuchereria-Brugia
(Wuchereria- Brugia lineage) u?mﬁm%u‘lﬁ‘lummﬁu
T (g1l 6) daunnsunsiFeresuuniiGe Wolbachia
M4 horizontal transmission eudlagadwandniende
fulaaimanuueune e Geiulinumdng uaiy
ayumnnsnidangn  taefaaddnremueunen?
HarGafesendelagsmonuuaaianiswmuinis an
W auueunaniNanFousrdadamwanunassiaafidu
lagsaauunfGe Wolbachia AMNETTNINR Al

Andaduiingiudt HauduldiiiFelifuuaiice

unumaaswuafiidelaavnisludadordauasnensnduilanie 615

L}

Wolbachia aziinsunsiaanniaasanmanuuaslue
WUBAUNENTAAN G VFauns @ nuuaune s flan 3
Tsialaamamnanuuae e lafinin an1TANHINNG
phylogeny 189uuATI 38 Wolbachia lulagaswanuuau
- o) - & & o 3 :’/ -] %4
nedNarFauaceasdniadasmonsda o du il
wisuuriiFe Wolbachia Iéiflungueies A uay B iy
ng N84 Wolbachia iwuludmndianda usznqudes
C uaz D fdlunguaes Wolbachia iwulunuaunend
1 1 ¥
AanFy Ay wuARiTe Wolbachia iwululaasiaaas
Waniu AdANLANGNNTBIRUENITNIZ ALY sl
< o/ 1l Y s 1 d’l’ =l
Aafeliifdayaaduayunisund i aaeuunii 5y
Wolbachia N4 horizontal transmission 51319 la46

o o o =t (26)
ATNINUNRUATUUBUNENTARTE

UNUMYY Wolbachia fiavuaunesngnilanse

AINN13AN®Y phylogeny 189uuAd (Fe
Wolbachia $anudnilpnugenndaqy phylogeny
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usinz species MlATinsAnE Ty Wunisatuayy
ANANTUSITUWINULAR T Wolbachia uazTaasnan
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A

Taasiui vertical transmission ilundn dayanugau
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FUAUSTENINULAT (T8 Wolbachia Waruuaunels
FarGFedufhuuuy mutualism
nsAnzLLLLAMNANR WS IR LN N TR
wuAfiBe Wolbachia filsielaasauneailan Gty
Finmnaasiignilan Hoerauf uazAns Faatuayu
ANNARAUSIewINfuduuluy mutualism ©@ nns
naaasinlaalvienfjous tetracycline unnynaaas
BALB/C mice naulinsfnidanend Litomosoides
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sigmodontis TaaanAamaladuniustinnendsiaden
synzfinslavderzuzii 3 uazlien tetracycline urivy
NARBIAUNTENIATUIIANTBINITRAIUANIINET L,
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wuineaanwendsng lnawudwans L. sigmodontis 3zl
v e ¥ o ve o
munvmmrn@‘luugw mmnquw"lmum tetracycline Wi
< [ as d"l o =
Haurnannug1azesasandulialng
naaBIdTanLfaed 81 tetracycline Hua
fugansaangninlasfianGoaasnenBsunwaiie 3
ugaenaannsh launsanuluiasiaFaeanunly
NITUAIADATBINYNGUNAAEIA IR TULA tetracycline
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uaz13A onchocerciasis atingfaiiies wandaualen
waiu Jananti@lu nsinaneianensianGasees
fiaurt (macrofilaricidal effect) uazszazluinsianide
(microfilaricidal effect) WwHWIlWNITALANTIALN
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