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Abstract

Many insect groups rely on bacteria that live inside their body and there are various types
of relationships, these could be range from mutualism to parasitism. Generally, bacteria
symbionts in insects divided into two groups including intracellular and extracellular. The
intracellular bacteria live inside the host’s cells and comprise with primary and secondary
symbionts. Primary symbionts mean bacteria that live within specialized organ which called
bacteriome. The kind of bacteria are specific with group or species of insect hosts and they are
obligate mutualism association. The bacteria symbionts synthesis the essential nutrient for theirs
hosts. Secondary symbionts are unlike primary, they live in another tissue such as in the gut or
reproductive tissues. These bacteria symbionts are not required by insects, some groups benefit
while some are parasites. Another one group is bacteria live outside insect cells; extracellular
symbionts, they live in the gut or digestive tract of insect. Their roles are food digestion, provide
nutrients, toxin detoxification. In recently, the application of bacterial symbionts for insect pests
control has been investigated. For instance, disruption of the beneficial symbiont affect to
reduction the host’s growth and development, the using of Wolbachia to induce the
reproductive abnormality results in unhatched egg. In addition, the prevention of insect-borne
disease by isolation and culture the bacterial symbiont, then genetically modify to be a vehicle

for introduce the toxic gene which destroy a pathogen inside the insect vector.

Keywords: bacteria symbionts; insects; role of symbionts in insects; symbiotic control
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7194 (Fig. 1A) Tutwaednau Cuerna sayi (Family
Cicadellidae) lassadraildnwaziduass dwdos

d1 PYUSNYRWIBMNIARIUIRLAY (Fig. 1B)

1A

1B

LBULABITULWA ST NI U Matsumurattetix
hiroglyphicus 3 bacteriome ®gUSVIMaIUTIBY

PuL19a9 (Fig. 1C0)

Figure 1 The localization and characteristic of bacteriome in insects (1A) Bacteriome of psyllid

contains bacteria Carsonella ruddii [8] (1B) Bacteriome of sharpshooter Cuerna sayi

contains two type of bacteria

Candidatus

Sulcia muelleri  and  Baumannia

cicadellinicola [9] and (1C) Bacteriome of leafhopper Matsumurattetix hiroglyphicus

contains two type of bacteria Candidatus Sulcia muelleri and BAMH (bacteria associated

with M. hiroglyphicus)
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warveeugNUsenIUnAnsolulinisvenewug
a8 [13,14] Tuwuasiuend (Family Glossinidae)
Faduunamvgilsawmamdusansiu (African

a

sleeping sickness) H@IUYDY bacteriome Judl
pg1fuvaNUATILIE Wigglesworthia glossinidia
vwnihilunisdaasigiansenmssamanlinnfiu
Trtuusas Sadulmniuilbifludoniunasgniu
WU [15]

ALY (Family Cicadellidae) U4
wilpdlwunfiSeassviinenfuaguaziiunumeiaiy

19U LWa8INIU Homalodisca coagulata d@uves

bacteriome  HuwuA?38 Candidatus  Sulcia

muelleri  @1815089LAS1EYNTABETLUUNIALN

Suduliummdsdndu dslaildsuannisgaiuh
Besanity uaziluuaiide Baumannia cicadelli-
nicola aunsadaasizilimiuuisiafisndu
[16] viSewmassndu M. hiroglyphicus Wimzth
Isalurnieeiuuaiiisy Ca. Sulcia muelleri way
BAMH (bacteria associated with M. hirogly-
phicus)  ®1fvagludiuves bacteriome  [17]
wuARiSesamdeUsvianininismerulutsaus
arnguuaziunumuiifiunndneiu agufedna

Tu Table 1

Table 1 Primary bacterial symbionts in insects and its function related with their hosts

Insects host common name ) Class of i oy
(species name) Name of symbiont microorganis Symbiont’s function™ | Ref.
aphid (Acyrthosiphon pisum) | Buchnera aphidicola Gammaproteobacteria| synthesis amino acids | [13]
tsetse fly (Glossina brevipalpis) | Wigglesworthia glossinidia Gammaproteobacteria | synthesis vitamin B [15]
ant (Camponotus floridanus) | Blochmannia floridanus Gammaproteobacteria | - [18]
psyllids (Pachypsylla venusta) |Carsonella ruddii Gammaproteobacteria| synthesis amino acids | [19]
whitefly (Bemisia tabaci) Portiera aleyrodidarum Gammaproteobacteria| synthesis amino acids | [20]
mealybug (Planococcus citri) | Tremblaya princeps Betaproteobacteria - [21]
sharpshooter (Homalodisca Ca. Sulcia muelleri Bacteroidetes synthesis amino acids
coagulate) Baumannia cicadellinicola Gammaproteobacteria | synthesis vitamin 6]
spittlebugs (Clastoptera Ca. Sulcia muelleri Bacteroidetes synthesis amino acids
arizonana) Ca. Zinderia insetticola Betaproteobacteria synthesis amino acids 22
cicadas (Diceroprocta Ca. Sulcia muelleri Bacteroidetes synthesis amino acids
semicincta) Ca. Hodgkinia cicadicola Alphaproteobacteria | synthesis vitamin 23]
planthopper (Hyalesthes Ca. Sulcia muelleri Bacteroidetes -
obsoletus) Ca. Vidania fulgoroideae Betaproteobacteria - 24
leafhopper (Matsumuratettix | Ca. Sulcia muelleri Bacteroidetes -
hiroglyphicus BAMH Betaproteobacteria = 1
leafhopper (Nephotettix Ca. Sulcia muelleri Bacteroidetes -
cincticeps) Ca. Nasuia deltocephalinicola | Betaproteobacteria - 2]

“the dash point (-) means the function of those endosymbionts in their insect hosts have not reported
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vanefauuafiFosuerdefiegansluwadves
wuas uildldegludiuves bacteriome Inyande
oouadindy 1 1w eiBomnaiuems aide
fiAsatestuszuuduiug visafsenadend
facultative  symbiont #3® guest  symbiont
wuaiiesmendedsuaniildsdustenisiadey
e sduiudvotuaterilouiuUsTANLIN
widnwaugauduiusinaleguuuy awsadu
uitalasudsslovivsansdne dreladhenildlssy
Usglovil nielasuusslovilianizuuniiiaun
wuasiludedeuszlel visvdaaiuisanen
ponuLMzLAINEunFuIasld vidousin
amsndevenanuuasrianislufnasie
wilslél viansdlonaenenanjuusilugiugnld
(1]

AUT NI VULAY Tuagiurlinves

wuaflisesanerfeUszianionainielald
LUATITBLAZLLAY 9 Ssymbiont  U1sile
anunsanulalunuavatengy Tuvazifediy
S-symbiont unsyiialianuisanulaluiuaannd
Aduvdaiertu uinuluuisnguuesuszving
waui

unuImees S-symbiont  wu Tuiwde
oouluuantsy Hamiltonella defensa Sunuw
ansafinaudunuseuaudeuiiuwias
ﬁmgﬁiimﬂamauwgaéau [2] wuAlFeTILRNAY
Serratia  symbiotica BinliLuato1AYEINTD
Usushntenuegluanineiniaiifigumgiigadu

(heat stress) Lo [4] wum#itSe Rickettsiella

v
P~ '

viridis Anulunagsauiiunuiviunisasnaasaiy
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frusauatende Jelavdnasanisigavienis
\ivnvesiuasingsssuud [3] uenainunumdl
Aedestuiuuatedelnensiuds uuaiidesau
o1dsusriinausaduasuaNaILITalunis
Buuiasmngindoaunglsafilddndae 1wy
wuaiii3e Hamiltonella Tuuwuawiv1s (Bemisia
tabaci) biotype Q Hunumaduasulinuasany
neala5a (Tomato yellow leaf curl virus) RIS
Tsamindewsdomdldunniy  Tnswuaiise
dﬁLﬁ%mismumi@m%’m%a st USnandelu
Fruas waziinUszansamvesuuaslunisane
venlhfannduiiviidulsalugduiivund [5]
unumiidifyretnuafisesinende
Uszranirousatonfeiildfuanuaulonass
M3ANYIPE19nT19w9 Ao nsiduusdnnienis
dutiudueanuas (reproductive parasite) fe 9n
iliiinauiaundnianisduiugliiuvuuas
91fe JagUuiisreaumewuaiieluana
Wolbachia,

Spiroplasma, Rickettsia,

Arsenophonus kag  Cardinium Fanululuas
vaneviin diulvgasnveguIiianielien

= v ¢

\Retesiuszuuduiug gﬂLmemmmﬁmUﬂﬁﬁ
Fninlasnuaiiesiuenduazunnarsiuluniy
BUAUDILUATILTELAZIUAVDILNAIDIAE A
(1) wnaunegiinonoufiagiaundudisou
(male killing) (2) unasdrulugwamnduinedle
(feminization) (3) Ann1sEuRUUIaLUaNALTE
veneiuginlaglidesfaus (parthenogenesis)
way (@) mairduldlaveslalnnaraduvesvad
duiudriliAnnisaeveuduuile (cytoplasmic
Incompatibility, Cl) [6,26,27] #70619%UAV0
wuaseTInendelunguues S-symbionts  uag

UNUINABLLAI Table 2
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Table 1 The secondary and extracellular symbionts in insects with their functions in insects

hosts
Name of symbiont Type of microorganism Insect hosts Interaction Types Ref.
Intracellular (S-) symbiont
Wolbachia spp. Alphaproteobacteria | various insects parasitic [6]
Rickettsia sp. Alphaproteobacteria | various insects parasitic (6]
Cardinium hertigii Bacteroidetes various insects parasitic [6]
Arsenophonus nasoniae Alphaproteobacteria | Hymenoptera: parasitic (6]
Pteromelidae
Serratia symbiotica Alphaproteobacteria |aphids increase heat tolerance of the host | [4]
Regiella insecticola Alphaproteobacteria |aphids increase heat tolerance of the host | [4]
Hamiltonella defensa Gammaproteobacteria | aphids protection host by against [2]
parasitoids
Hamiltonella sp. Gammaproteobacteria | whiteflies Increase vector competence (5]
Sodalis glossinidius Alphaproteobacteria |tsetse flies Proposed to influence [7]
trypanosome infection
Extracellular symbiont
Rhodococcus rhodnii Actinomycetales kissing bug (Rhodnius | provide nutrients [28]
prolixus)
Burkholderia sp. Betaproteobacteria Alydid bug (Riptortus | Degradation of toxin [29]
clavatus) Nutrient provisioning, N recycling,
>300 species Spirochetes, termite: Nasutitermes |  fixation, cellulose digestion, [30]
Fibrobacteres, species fermentation
Bacteroidetes, Produce
Firmicutes, detoxification
Acidobacteria,
Proteobacteria
Enterobacter agglomerans | Gammaproteobacteria | fruit fly (Rhagoletis [31]
pomonella)

2.3 wuaiiisesiuenfenieuanivad
wuaflusauefentguanigan
(extracellular symbiont, gut symbiont) @1dtag
meluduuas wisgdrauengad dnsegsiuiu
98190175 WAU1ITTAAINNSALENDBNLNNELEY
mewenldl wavannsawnsnszarelunguussying

Yosailafediu lnenisanenenainiunilaly

619

'
' =
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MaLAYeIMISTRLNAY Fafuenaliendn eut
symbiont %38 eut microbe dsluuuasdnlngd
wuaiiSesamedulumaiuomnsifies 1-2 vda 7
WULIAKATRUNUINAULLAY WA luul9vindl
wuaiisesiendeludldunnnin 300 ¥ia wwu Tu
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Rhodnius

prolixus  (Family — Reduviidae) il

WuUATL38 Rhodococcus rhodnii i
Fuasrzvarsormsfisnduldfuuuas dau
JndusionisegsenuasnisiaiyAulaveuuas
nsanenennuuasiunisludngunils g
waunedieindliazdudeyasonuiieinden
Waenld defluuaiiFosiinduzduey afoou
Hineenunaziuyavesdiuy vilulasuuuailise
Sefidngszuumaiuens @ R prolixus
dunsanenesnuwziaetld daulumaiy
9I1R15VBIUIU  Riptortus  clavatus (Family
Alydidae) wuwumiilseuila Burkholderia sp. #
unumlunisduasiziaisemisisudusenis
13gLAulAvoLNAY Layudnasiy (detoxifica-
tion) 91n@ITIALiEILNAIOONUBNTINNTY YINTH
wuassindauisoadiennudunuseansan
wuaslel AISUNINILANYAIVDILUATILIETILDFY
silnifluusznsvesuuasendelilldnisenenen
INFUFTU WAL R clavatus lusseesingouay
IhSununiise Burkholderia nduwandau e ¢
Sunnnduuduafisedlusgondeludiudld
Y09uUas [29] Fregavesnuafifuuafiesau
ardgogludildnatevia iy ludainana
Nasutitermes  JLuA7LIE3181AE1INNTT 300
Fibrobacteres,

wiin Ineglungu Spirochetes,

Bacteroidetes,  Firmicutes,  Acidobacteria,
Proteobacteria ezl UNuUIMNNAINNATY LU 113
asraaulediiavisgayarmsivainiudnld nns
o ¢ Ao = A a

FUATILE1T01TNINTU ¥IUIIRATUNUIN

Tun1sdululnsiauainenie (nitrogen  fixation)
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wagAtnsuinavueslulasiau (nitrogen cycling)
Teglusuuuuvesnsnozilufiuvaaiiliusslov
1¢ [30] wuastunaliifuunasdnngunisiifide
wualdeodesaulumaiueimsidinainans
viin wagdunuimdsfuluduegfusinves
wuasiunalilazalavoauaiiisy wu Tumadu
911197 UDIFINUBDULNAITUTTR Rhagoletis
pomonella WUATIL383IUDAE Enterobacter
agelomerans funuinlunisgosgalsansiy
Phlorodzin ﬁaQIuﬁ%awu1$%aﬁﬂawuLﬂuﬁwiaéh
nuou [31]

athalsfiny Ananunduiissdiedis
U9EIU NMsAnwdsriineswuailsesiuendely
maduemavesadluilagtududsdsnunaneg
wanein Fealisnunniilinsivunuimnieainy

U @ §

AunusAuLLaY

3. wuInnsaduAuLasdnglaglduun-

s

NFasamade
mﬁ”ﬂﬂ15%’@mmmqﬁ’mgﬁﬁﬂszﬁw%mwﬁu
A9l a18755 U AUNTINITIANITLUUNEUNEIY
(integrated pest management) LU N1FIANTT
WUUTIIS MSIERUGAYAIUNIL NSUANTIY 13
ldarsadnanniiv wagnisldansiadisnuuas Tu
yugiAgafutnivnisilaiinnunetenlunis
Wauriannsladqfuun weldnisdanisdud
UsgAnsammanndeiu annsaannnandemeiiin
mmmmﬂ”@gﬁﬁmmﬁﬂﬁm wazlaeaniziiioan
msldfasiafienuuas Jsnmsthuuafiieswends
\Wusnuumailefifdsimuniteviunldaugy
wuasdng lnedunslduuaiidowazdnuauzain

AunusNUsokuaso1fawlaty LUINIIRLSENIN

. . a 5 v a a 1 v
symbiotic control ivianslauuaiisesinendey
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nelugadUszinnigund Yssnnnfegdl wag
wuafieflegniouenivad uuImanIsUszyndld
anansousald 3 uwana fail
3.1 n1snndanIRYNateLuAnseUIsAN
P-symbiont Tunuag
esanuuaiiFedszianiliaa
Fuiudludnuueiliuselovidouuas Ao g
Fupseiansormsisndu fufunsianevie
mstfudsmsisyuemuaiiSesdmanednsnis
wIgAvle nsunsvereWusvosunas 1ilesn
wuaiideussanifliamnsowsnoeninmzides
16 mevihansuuaiieIadunisldasuiiusung
yiauitensdanmsuuas Wiisasnsveeiusuas
nsasyiulafianas lumsanUszanIveILLIas
fng aendlsfinin nsldansujTuedslailasunis
goufu esainoradudunsnedenyvduay

v
LYY

dawandaoule [32] Medun1sAn®1ITenIans

Usznounowwamisdu 9 ieldlunisviiane
wuaiiiesiuende feraduidniswilsiivunld
AuAuLLatluawan
3.2 nstnudnliianisidnulaldves
lolnwana@ulaalduuaiitis Wolbachia
Wuwuamenislduuaiisesauende
UseLnn S-symbiont  wuaiiiSesdadnulunyas
nae 9 duUAU L¥uU Coleoptera, Diptera,
Hemiptera dmlmﬁmﬁ’aaaﬂiu%nmﬁafjaﬁ
Aeatestussuuauiusiusasnaduasinade
nsanenenanuuasuniludniunislaesiiu
mala frgANaINNTaluNITUNINTEUA AL
sssnmAkasdulsAnnensiuiugiios vhilu

o

Tagdulasuanuaulawagliinsuunyssend

q

WeAnwImuuIn1elun1sAIUANUIEYINTVBS

wuasdng lagldandinsiliiindnuugaing
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AnUnAinamsduiuguuunisiiuldlsvedleln-
wanady FuRnnduanssvinuaunaliifide
Wolbachia wazuiaswadleilsifide Wolbachia
liAansaneveaduuslensevililyldiln (Ju
NANIAINURAUNRALUTENININTLUIUNITHANVD S
wadegdnazly wu lukuasiunald Ceratitis
capitate Fadunuasingiividfgmaasugia
dlowuaslgfunsanuleude Wolbachia 910
wuawindusae3snis microinjection wuinded
amﬁaaﬁaaeﬂmmawﬁmﬁléﬂmaﬁmidwmm
lufuuasgugn waraunsadnihlvannisidiiu
Tlsvaslelnnanady nadevilvilafilifings 100
% %aLﬁmmﬂfjwamaﬂLmaame’gﬁamsﬁauamwm
dlefiladfinide Wolbachia  d@runisnausyning
wiasnadiefidndefumagilifinidesilid
Sasnsilnvasldund uwiunasiugnlisuide

Wolbachia WuligdiugHanssnItaneglLagine

Jefdewe  Fudunudnvusiiddgyiinla
Wolbachia  @1115awnsnszanadbaadnbulu

Usg¥nIvauuad [33]

89818 (Aedes aegypti) Falgsunisene
Tewde Wolbachia Angevia A albopictus
weananarusadniliiinnisidndulildess
Telnwanady Fsuenainiilisnsinisiinuesty
anadna1 50 % WAl LuAise Wolbachia €9
annsadevenniunisluddniunis wnniy
20 $u 134] wazidioliiumsnidmut Wolbachia
fnadufenisiiuvsunaeadueslada Degue
anngueslsaldidenson sausdwarenisan

a a

Usvansamlunisarenen lafavesssiiy [35]

Jagtumsfnyideictunsunisnaassaesyi
AnLe Wolbachia  8oNganInsssuyIAluuIg

U U U518 dulaTTY L8AUNY U LD
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andUILYTEYINTYIAZAANISEENBR b TEEL WA
vosldidonaansig
3.3 MIAALUAIAN BN IINUINTTUVDS
wuafiSesanendeiionruaunisdnenanlsauas
WUAININE
wwasilldfinsAnwdlolaiuuund
HunsdszgndlduuaiiFefiaunsonsnaonan
wizidedld ileldmuaunisdnenendoainlse
laguuaanIng 1agn1sanlUasdnumenig

o

WugNI3u (genetically transform) vewwuAilse
samerfelunuammive unou fie n1sRAKeN
wuafiesanefeoenuuniziies daudas
Fnunigmaiugnssudeiedudmneiannse
Faneniedudinsidyivlnveadelsa ant-

pathogen)  laluwuavilesiuede waaua

~ = pathogen
® = bacterium symbiont

Isolate and culture

Transmission

-

wuediSeiitnsdadeugnasulmidndudluly
Fuuasnme Buiisadediluiinnsuansesn Tag
ansnvaedoanuedse wliuuaemmels)
asagnevendelsaty 9 18 (Fig. 2) Tiddey
wuaiiisesinandesaiunsaaievenlilulszsns
YOIMUAININLATNTITUYIR 138nTTN15T91
paratransgenic insect %u"ﬂumiﬁﬂ hUag
Wusnssuveauaneluduuas ldldnsdnudas
RUFNITUVRLNALAERTY [36]  TAd1uLanie
19712 IAUFLAVOIUNAININZ LA UUATILI BTN

a ' o P

97Fe wazfogofuvaawuaiiSeluntasdasdun

Y
¥

91AEVRLYBANYALIA FIARIUNIIANYINIDENS
avLduALAITIEINTaARL AR NTLAUD L UATIS BT

wiawUasiugnssuld

2

Transformation

No transmission
& introduce to the vector

Figure 2 The step of symbiotic control via paratransgenesis approach (1) isolate and culture the

selected bacterial symbiont from the insect vector, which must present in the same

niche with the pathogen. (2) Transform the gene code that express to anti-pathogen

into bacterial symbiont. (3) Introduce the transformed bacteria to the insect vector,

which can be replicate, stable colonization, has gene expression and transmit into wild

type of insect population [36].

5n15UEN1sANEILaTUTEAUAIN
dsaudrluszauiesujiinas Tuntasninziin
lsafidnAnyunguysd A wau R prolixus 49
donnwduems wazstlunugindalusingn

¥l Trypanosoma  cruzi felmialsaoiuiiu-

nsnluley wielsavin1a (American trypano-

somiasis/Chagas’  disease) Wulsainuuag
sguntuniveiuinunionasld Tunuasviail
wuaiiesane1deyin R rhodnii endeegludld

Feyadununfiseniondeegnieuaniead a1u1sa
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woneenuWsEeslE uaziInAnuUasugnITy
Tnedagneduves cecropin A Jaduulnddionn
qwéﬁma;a%w (antimicrobial peptides) fauUflu
nsvhatedeannguedisn wiluluuuaiide R
rhodnii  warund lulufmuuawive Buves
cecropin A luwuaiiisesiuendeiinisiansesn
mmsaﬁwmmfﬁamLmiiml,asam%mmsuau%a
T cuzi feguinadldvosuuasld Jauuaiiise
siindanunsounsnszargldlulsvansvesuauld
101 Ineiisouvesusiaiidleiineanunanla
wAuyavesiusifidelfiduemns Galuueiize
R. rhodnii W&t [28,36-38]

WUINNVBY paratransgenic insect ‘ﬁ

duiduisnsmuauuuaswuulnl deldfinisuan

o
o

naassldluniaauiy 9819lsAn1U n1sAnwILE

v
Y awv a

Auaiidetionainludnisnivguuuasdngiidday
Tuauian wndin1s5usesieaIulasndsuay
nansenusedwIndey Feludagiuuuinild
nsAnwlukuamrsilsad Ay AniuLLwe
wu lsanonsdunsnilulsunselsatensiumen
18U (African trypanosomiasis/sleeping sickness)
Fanvlalunsuldvemivnensng tinainie
awnnluslad Trypanosoma  brucei  wagdl
Y a . ‘:4' a A &
WUAIULENG (Glossina spp.) NYANULaDAAULTY
o Y a a . . .
wingdlsn NsAALEALUATILSY Sodalis glossini-

g

U

USIa L E UM ILUAINITE UNWITLREILAY

dius  Fadunuafisesimendunsluwadiie
Fouvailaodednofuiianunsovinatode T
brucei Tushvaauasungla [39,40] nsARLEN
waxL?ﬁymLLazé’mLLanﬁuqﬂiimaumﬂﬁﬁaém
91fvana Asaia fieglugsiuddes  (Anopheles
vivax

stephensi) WinzdGe  Plasmodium

anlsaldunanse [41) vieluuuamiveinie
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aunalsaily Ly N1SARLENLUATLI 8D AY
Alcaligenes  xylosoxidans 1AWAEINTU  H.

coagulata \Wunsasmmgiuwuailise  Xylella

fastidiosa mmsﬂiﬂ Pierce’s disease suaaaq'uiu

UseinAansgelusni [42,43]  wilwindednau

Scaphoideus  titanus wigigelulnnaiaun

glsu dn1sanelau

q

anuguaslsaluaulunay

wuAtlise Asaia  aneugiidauenangadluly

]

WIAINIU FIWUATISY Asaia Nanglauilaiunse
Wrldwarordelundsdndudadusuasodevia
Tnila [44]
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