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-RXUQDO RI ,QVHFW 6FLHQFH _ ZZZ LQVHFWVFLHQFH RUJ ,661

Onion thrips, Thrips tabaci , have gut bacteria that are
closely related to the symbionts of the western flower
thrips, Frankliniella occidentalis

Egbert J. de Vries 1 AndrZ W. G. van der Wurff 2 Gerrit Jacobs  *and
Johannes A. J. Breeuwer
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,W KDV EHHQ VKRZQ WKDW PDQ\ LQVHFWY KDYH (QWHUREDFWHULDFHDH E
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Introduction Erwiniai. EDFWISUHN HQWKW K U LIXWU H

% D F WHIUB\DV R F ZD WIQX PERIG L 11 H U Wgég\%%ﬂﬁﬁ%\gﬁfwﬁg ““”E:“EWSVK
L QV HFS/H F IDHW RIVORD M FRW G HUW K Hy 7 F it o R e | Fand
" QVHFWOFKQHU &DPSEHOO'LOOR\%H DOESWR EDFWBUSDHYERW
DQGLOORQ 3HUPDQHQWRFLD \. JHVS

Y6 U HV HQEIHF W H® bidentalis
EHWZHBRWBQBEDJKRIWID QIDVFHD 00 BE /gy vgm D X HD VWOHDW EBI@ HOR S P H QW
V\P E L RDVQLG K\M\ SRHIV \ P E L RALAE®I S H Q
RQ WK IS D UW L FFODW K W\ P E LR @\ G

QCKLIKHRYLSRVIAMRIPEQ UMBWKULSV
'RXJODV %URQVWHLQRUH[DPSOH

VHYH*MSWHDJ\[I}IPXWXDO/L\PWH_H?V#
Z L VBikchnera EDFWBBEIDIA/‘QHSSHFWL‘FV)@
QHDWKHXWNKWR FD ®OHGW R PTHK\H V
P\FHW EBDH WSHUR DWGEKHR ZWWHKY/ V H Q

QXWULHOVENQBILIIWKV'RXJODYV \(KESuiSca *LWDHWIO/  :HOGMIO
%DXPDRWO $QHIDPSRIDUDVLWLF ©h5cr| EpFWHILQ P\FHWR PRIV

VAP E L RWIKEHJ H V iRQMelachia EDFW‘H@\%@J thrips buffai % RXUQLHUDWHSRUWH G

HPLFURELRIORIVDQRSWIR¥YD GHO\
XG LD UMW RPWKHrwiniah EDFWHULDO

\}&/\E7 L R Q ¥V occidentalis WKBHUHVHRIFH
én a ananatis LQWKBHXWRIWKWREDFFR

‘S’S\AH/JKHUSRUB'TRGXWWQZV‘J?HPDQL\ZIGL"H\L/’ Othrips buffai LVD P\FRSKDJR®VHFW
eV D Q MDH L7 HVHR Ig(F\L VIMGKHB D UWHC U LB P L& 7KULSLGDH

UHSURGXEWLLFRI(D\OHD/GR:\WRSOD\A/ UGELHOR W QB\FHWRPEDQ R IW K H

LQFRP SDW SBDWONKH QR RUVHNULEW LIRS\ = 11y R| 7KULSLGDH WKDW KH VWXGL
GLVWRUMULHRIDX ZHU 6W R X W K B RIHQ

9DOD Thrips tabaci, ZD W H O H FRAWI KSHU H VY WG \

RWKROORUZHOQY ROQW LA dtcidentalis
7K HQV HIFWE U R Y LB WX L W KBE H WROMW, Q VR : :

D SRO\SKD FHWM VHEWQ W U ER\
EDFWHAULMHOQQPDQAQVMEWFWKW, \ohiais | VHQ G HPARH VW HX® R S H

‘]X\SRVVHGVHI‘HLW\CSWWEDFWHZLKIL[FK%UDQV\DPQQBDQWHO T tabaci KD\D

D DAVRY D SR Y HY R PFD Y BYD U 11w L P L OPRUS KRORQGOL I F\F OB VF.
v cidentalis 9DQ5LM®WD O LWLV

(0)
DSORGLPOQKDE UK HQ R WRINNPRWV W

SHUPD(PI-ELQWRRUJID@[U\HR/\WQEM/SSO%
HVV H QW WDUIVHRRIURY WO D W L BB HR, || 5 |1z i S OWKBIWS ORQEHUWLOLVHG
HIJEHFRPHOMY GLSORKGWLBLVHG

DQGDUNRYHWI]7HUPLW%GBIHQ D N
DQ@;:J;/?E%@&%}@E}SV%%E@?&OL HPDO#RZ HY WK HO\WRNN UWG DS R GG
WG QLD 33 HFRPLABD OBVVR X QLG R PH
ibhaci SRSXODWIXRI@Y 1D XCHMD O

7K\VD QR & WWHKHDQ G RXWKZAH V WIKFDUIRQZ H
W K U L Srdnkliniella occidentalis 3HUJDQ —DZLUVND

>7K\VDQRSMMHUSL TKHEHVEDFWHULD
ZHULVRODWBE&DUD FWHUIWEKW O 6y HgreX 0D RIMRMDAL ZHUM[DPLQHG

FRQWDVQQ NEHFRHMCWEDFW IRUW B HE p £\ g R X OBURRQHQULFRHBU

JHQXBwinia  (QWHUREDFWIBRVYREEDNG | x ppQGEHORQJIJWE& WKHIDPLO\
Pantoea agglomerans ZKLFRKRD@OVIRIRZ W H U R E D F WHKUS DS X O BIRVIL Raeai

RXW WL V I RWH/D W K ROCIKHRILD CH U HENm U v W X G RWIGE J L Q DWRPG LT TH U H QW
JURZWHG LZBi UM U WABBU RZX ED FW R U LD 23 b SR F D DLORERWEVD D W MD O V R

W K HWH U LFSQ/CRQ W S HF RHIE/D FW O VDG | || 4@ BY D VDIGRGH S U R G X(DW DRVKH

FRQVLVVRX@W®WDVRG 6U'1SVHTXHQR/H\bgR 5 X O DIHURROVQNGR HK L J KYAD\U L D E O H
GHULMHR® D Q G RAHQHE IVINVG I B OIRQ L Yy K HD & L OWWW U D Q VePKA\W R SDWKRJIHQLF
IRXQEAKLFRGGMXKUWKHML GHYWRWKHg 5 p o SUR G X DWIGR QUXWUDQVPLVVLRQ
FRQFOXWKRRIQ ORQW\SRIEDFWHUVYLBE)| o w\D\ EHD U J X MG DWKH tabaci

FORQH®' ' B3% IUD‘]PHQ(\QVYHBV”DHL’E\{_RW\IS‘HS\HILQEHG_HKIZDQG{OXVK
ZHWH/GRGHQMHWWBBHVWWHSRSXODW}HQQQMK‘HDPHSHFEIXW

WKUUSVDURZHKWW WHKBERXBBURZQs | ||Hy LQ HYVHQWLDO ELRORJLFDO IHDV
REDFWHWHIGDOM OULHWO D 7KH
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Table1 3RS XO D Wrhrki@igllsRokcidentalis D @Qt@ips tabaci XVHG LQ WKLV VWXG\

Population [ Year | Mode of Reproduction I Origin [ Cultured on [ Reference
Frankliniella occidentalis
)2 $&0 | | $UU ] 1HWKHUODQENU\VDQWKHPXP 9DQ 'LMiNHQ
)2 1/ | | $uUuU | 1HWKHUODQGEHDQ SRGY :LMN DeR&.
Thrips tabaci

77 -$UU $UuU -DSDQ EHDQ SRG 0XUDL

77 -7TKH 7KH -DSDQ OHHN 0XUDL

77 1/ 7KH IHWKHUOIDQGYV OHHN 7KHXQ Leval.H Q

77 (J\ 7KH (J\SW OHHN :LMN DeR&.

77 *5 $UU *UHHFH EHDQ SRG &KDW]JLYREVaVLOLRX
77 *5 $UuU *UHHFH EHDQ SRG &KDW]JLY RV LOLRX
77 *5 $UuU *UHHFH EHDQ SRG &KDW]JLY RV LOLRX
77 1/ 7KH IHWKHUOIDQGEHDQ SRG &KDW]ILY VAV LOLRX

SRSXODWLRQ DEEUHYLDWLRQ RI WKH SR $Xakinla BoQidehtalisG 1.0 | RisigsV VW X G\ )2 IRU

tabaci <HDU WKH \HDU LQ ZKLFK WKH SRSXODWLRQV ZHUH VKLSSHG WR RXU ODERUDWR
ORGH RI 5SHSURGXFWLRQ WKH SUHVXPHG SUHVHQFH RI PDOHV LQ WKH SRSXODWLRQ
HJJV DUH PDOHV@ p7KHY WKHO\WRNRXV >XQIHUWLOLVHG HJJV DUH IHPDOHV QR PDC

. SURFH®XQHPLWKWMLWNFRQWDPLQDWLRQ
Material and Methods Z L WRAW KW KU 7B, occidentalis SRSXODW LR Q
Thrips populations )2 1/ ZDVUHDUH@WNKNDPHRED\ 7KH

Thrips tabaci SRS X O DXWMHR&WKVYW XZHUH)2 $0& SRSXODWZBY UHDUHRBQ
PDLQWDODWYK®& SDUWRHQWRCRWKHFKU\VDQW ISKDIDXPQ@\F O L P BR/[H &
‘DJHQLQJBIULFXOVBRUPBUVIKHVH 5+ /' &KU\VDQW KSHMXPWWH

SRSXODIHRQVJLBEWOLQRIBEDULRREWDLQHG IURP ORFDO JDUGHQ VKRSV C
ODER UDRMXROWY X UBIFOH DQGLQFOXGHG

WKHO\WRMBXVK HQ R WRSRKVMIRPQY . o1
GLIIHWHRQSM D Waaci SRS XODBMHR PSORIV WR WK UZSWHOHBWIEGE
ILY Q@ P H Y WKKDHE E U H Y 7D MRICROREAH G 5 £ vt 1 M 8 O DRVE B BW H B 0D R IIGD
FRXQWWRGHWQGVHULPOPEHDQG.

occidentalis SRSXODWHBBWEUHY ZDW SURWEANOUHBHGHBWLHWO D

Ky
)2 TOEOH 2. occideniale. SRS 0 bW WMWK U ZSBO D LG Ly L XD 00\
)2 1/ ZDVUHDURIGEHDQRGBWVKH

‘HSDUWPIRIIQ&M[URORUWKHDJHQLQJ& FNXGH[WHEQP W BXY UDDPAHHULOLVDWLRQ
RQE\ VRDNL@LGLYLWKDDRV
$IJULFXO8/XY B OVKH M W K$HRIS X O DRV L
. ) KDRROVHFRYBDNLW® VRGLXP
F. occidentalis )2 $0& ZDVUHDU[H\AWKHF ORVRW KVDIORKX E V H T X IOV U H H
,QVWLWRWHWHLRGLYHDQIGWRRV\VW

‘"\QDPLMPWWKS8QLYHUNISWVWH UBQPKé‘PPRH}[:'N(\DKU\_/(V&,HHU@L?%\YVW%;&?IHHUU"S/SHQ
FKU\WDQWKS®REWNR WK occidentalis

7ULBQG PO (‘78 S+ 7KULSV
SR SXODW HRIGW L J L QPROMA H E @M IGH .
1HWKH U OB®SHAL HEH Q WIDWWU H J X 0 D&GHR R I H QIDAMS UHRXBW Q/XULD %HUWRQL

NOHO °o§§DFU—IGLmGQFXE[DMA_HCKDW
FIHE HQHYH‘HQFRXQW@[QHWWD@H oPHGLXMAWKPHGRIOIZKLEKBDFWHULD
RIRWKWKULNVNSHFILWKHF KO W X% H

|.m lis ZHUMRXQBRUREH VW
9LHUEHUJHQ SHUVRQDO FRPPXQ] EP’ ‘?g@ D (DU OLMAKGL I 1H LHFW

JURZWHKG IZIH UHV HR UV R O CRWELIRFQV HU L D
Thrips rearings IURRVKU LM VDQRHIJURZWKG U OO\
7TKULBNUBWHD UWIKDEP DBORWHIBJVPP  FRYHRBRKG! D DORM G MDK B/ YEHH HXQV H G
ZLGBQG PP KLIKFOLPDRRIRY R& IRUVRO RWIQRY/@ K WD FWB EERU & RB@J

5+ DQG I 3RGRIWKHHDQH[WHQ®LWH UDMDXURHK HH 9 U L HHWD O
Phaseolus vulgare ZHUXVHBMRRIRWRPH DIRDFR P S OGINWH U L SS\O\DR ERIW K H
SRSXODWLWRG@WU7 1/ DQGVKHUHHNEDFW HURMD SWLREH GAXRIRED D E BD
SRSXODWIHD@®LHFRMVKBHHANum  ODPLQDBERR® RJHGXWHKHAKDQRH
porrum ZHUKXVHGRUWKHRWKHUKUHHRQWDPLQQW LRLY R O D WH BER/QH
SRSXODWARQNKH 7 1/ DQG7 (J\ $PVWHUDBWKHKVWLMEBWRGLY BQBLW\
% HDSRCIYQOHNHD YHVUREWDUQRB (FRV\VWAPPLEPWGQ WKHBAMHUBHRQH
ORFDURFHUZDWKHRQEGQFXEDRUWRXUDWKHSDUW RHIQWR ARWKIBIHQLQJIHQ

GD\DW & SIWHBLWKRURXIKKHGJULFXOWXUDO 8QLYHUVLW\
DIDLWKHYHUMKVHGQWKHAX O W XAKHW
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Identification of bacteria ZDWDPSOLMWHERLYHENVBW FBWLLIP® UV

2Q0WKUKR\PRJH@M«)WO@R@WKDQJ/ESRHPH) Sg\éHmSWEﬁEgihgrgT%WﬁngH
FROR Q@IHHMY H G H F D XOHMWK D Q
FROGL\WMROAFUHBMNEZKH QBIL HWO
FRORQERXOBDVLRDY H HV X O WIR® E bbbl e
D FFLGHRRWDVOD P L CEDWLRMKED FWH ULOQ, oy o5 o GvkH 6 U'1$ JHOMRI
LVRODVBIURF HG XKHI SUHY DO HOQNH

e b S 0 SSUR L D VEEID MLV b smian e
EDFWHUXMR | DOWK U LISQFOXGE W K H ? QDG

' VHTXHQRMUQG\H SULFHKWHPLVWU\

HISHULFPHKQWHWKEB WH V6R HV F U %
WK]H(WDFWB-ILLLL\W/W?—RUSKRR)WJQH—RVV\I;I ORWK@HD Q X I D F WSURHWREFBRWOH& OHDU

IUHTX QWS HR| FRORQLBWDFRVKULSYWC ZZZ EDVHFOHDU FRP
KRPRJHQBDWHUHFRU GHKGI VL]HZ DV

GHWHUPR QD OO PP DIWHUK Rl 7KHWHVXOWUQUSVHTXHQ@AKAD QXD OO\

LOFXEDDMR® RUODUJKHFROROy DOLIJREBRPSLOMQED WD BBIVIH UB O
U'l$VHTXHQRMVWIBOWHUREDFWHUHDFHDH

GHWHUPL@HBON KWK D SUR X RBX 11\ N L my K H10 % D DG & O F O XIGONGK H

DQGVKAODUEFWHRURSDTXHHDUDOO y

D W D Eiwmid herbicola, E. coli, Citrobacter
Eg%g% E % H ;LRQ@I [(XE ‘UV\I\{J(VDEJ-‘[Z&QJ%SJ\;GV ; 8 ﬂ‘ dii, Erwinia carotovera, Serratia
rcescens, D Q ®Broteus vulgaris. 6HTXHQFHYV
RIW KHW“N :_RS| RIlE D FWEFlE' IUWDWDFZQV HBWUQQ UMHO BRI W H U RRIEph@a VSIXWDFWHULD
\F/sv% EZIJ-QTEXPI:/KRD;K H PCELII;G]-DQSNF)FY?U_%E :_—:I URP. occidentalis WKBEKWEHHIQVRODLWHG
DQBHIWKH &IUHH]WHH QULHV
$3, ( PHWKRG %LRPpULI—||_‘XV£)

KWWS ZZZ ELRP H ULKLBHRMRERD O DIRWDGHVFULBWLKREDFWHULD

VWDQGDUBHVRGWKHROORZW@B Q WV ROD WHIRWIHTXHQ@HRAKNMOVRFOX®HG

ELRFKHPERDODFWHBKWW LFYVO D F WRYE B EDVHDSKLFAFHWRPHPELRQW

D F H WSRLLROG X F R IMRRE K RRIPGIDDVUIHI L Q L hnera aphidicoa D QRQ (QWHUREDFWHULDFI
GHK\G U R ODWH OBIH K\ & U R FOUVQIL W KY HifFEHO R QWIRRKIDPPD 3URWHREDFWHULD
GHK\GURO®YHIR G X FXWLIRIW H\SWR S VABVWKRXWJURKBEGDW D EIDWH

mer Y X EM HW B GV L PIRID O XWILG D X S
GHDPLQMGISOR G X FYHICRIN DQ ZRIIRUG *DSVZHUWUHDDWMMNIG/VLQJ

XWLOLVRWILRQFRPBQQLWRDPQRYV
VXFUWJGD&Q)EL%%\RWLWRRJ%L S K\ORJDDWYUHDXWH®&K4HHXULVWLF
ZRYK IROERRWVWUDSELQJ

H
DQGFLWUDWHMELRFKHPERDODFWH é .
DFFRUWIRDKEB, ( V\VWEHWUFRPSDUH $ VHTXHQBRW. tabaci DQGE.

occidentalis JXWDFW&HWH U RIQY KNGW X G\
ZL.WFKK_DUDFWRWWM\BWWUﬁIQ.V ZHUBHSRVILQWE HHQ % D G B W D Y
occidentalis JXWDFWHB&D, DQG$& HDN

o GHVFULBHGULHW O DDQGDFFHVVLRQ QXPEHUYV $< WR $<

GHWHUPDQBIGOQWKLMWWXGYKHWKLUG
LGHQWL | PHMWKIBRXY R OGrHHWE H U P WIHR&sults
6 U'1$VHTXHRIPHH ZS X UHW U IRUTQ V
tabaci JIXVEDFW IBDWQWPRPSDUWRHPLW
VHTXHQ@RHX\E D FW HWRB occidentalis
DQG ZLWK RWKHU (QWHUREDFWI—{

orphological characteristics of gut

acteria from onion thrips

, G X\WW KW EZ B VYRR O OHBWPRIU

alg CP F IJ-‘?é_'X O D WIQR3R @ HF. occidentalis
SRSXODW2LRBQ& DQG@XWEDFW HWHLH

16S rDNA sequence comparison LVRODWRMYKHFDEOH7KHSRSXODWLRQV
'1$ ZDULVRODWREDFWNKVLOQPHWKRKD GV K HE@ HRD L Q W DLL@VHK®ID ER U DRWR U\
EDVR@&KHOH][ :DOWKW®O $FRORQPRUWKIR@QMHDUKH. tabaci SRSXODWLRQV
RIDSXWHWURIEQ@Q FWHADYXVSHQ@HG VKRZBO WIHG LY Y®XDLOWW RERUHVHQFH
HPXOVLRIQ PO ZY &KHOH] RIJX\WDFWHWLDILQPR BRI X \®D FW WW®RL D
6LIJPD $OGUERKLIPDDO G ULY¥ W HRPDI) F. occidentalis DOZDKV® DUFKPEHUYV
WLVYRWBQG «GBURWHLQDWH PO RIEDFWSHIULEGLY WEKAIN@SRSXODWLRQV
ZDVDGGH3HU1$ VDPSGBHDPSOHWUHWKEZWUWHVWHGULHWO D ,QWKH
LQFXEDWHGK DW & DQ@®IWMWKLV/7 -$WBRSXODPMRWIRMK D Q RT. tabaci
SURWHL@DWHH QD WXXWHIQPL®W FDUUlLKW DFW HAKIHU HDtebaci RIWKH

& TKIREWDLOHGVROUZADMHVHIRU 6 77 1/ DQG7 (J\SRSXODWHRRVXDOO\
U'1$DPSOLILFPDNRRYKH6 U'1$IJHQHZLWKRBXWD FW RQIHD tabaci SRSXODWLRQ
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Table2 3UHVHQFH RI JXWipk @faw ISRISXQQOWLRQV PHDVXUHG LQ DQG

Life stage Population Date % positive % dominant n Type strain
Adults 77 -$UU 0D\
-XQ 7-$ 9,
-X0
77 (J\ 0D\
77 1/ 0D\
-XQ
)2 $&0 0D\ 7$& 9

Larvae 77 1/ -X 0O 71 9,, 71 9,,
77 1/ -X0O 71 9,, 71 9,,
77 -$UU -X0O 7-3% OF

77 *5 -X0 7* 9,, T7* 9,,
77 *5 -X0 7* O, ¥ 9aq
77 *5 -X0
)2 1/ -X0O 7:9 O
2Q0\ WKULSV ZLWK PRUH WKDQ FRORQ\ IRUPLQJ XQLWYV ZHUH FRQVLGHUHG WR EH SR
7KH SUHYDOHQFH RI WKULSV ZLWK EDFWHULD DQG WKH QXPEHU RI WKULSV ZLWK WKH
DVVHVVHG SHU SRSXODWLRQ DQG W\SH VWUDLQV ZHUH FUHDWHG

,Q RQO\ DGXOWV DQG LQ RQO\ VHFRQG LQVWDU ODUYDH ZHUH LQFOXGHG LQ V
SRVLWLYH SUHYDOHQFH SHUFHQWDJH RI WKULSV ZLWK JXW EDFWHULD

GRPLQDQW SHUFHQWDJH RI WKULSY WKDW FRQWDLQ WKH GRPLQDQW W\SH RI JXW EL

77 -TKHFRXOBRVWEHWHYVWEHED XWHKHSUHY D GRHIXXFED F W HUDLCDI LR P WR
SRSXODADMYRWRPDOB®HSUHVHRIFKW 7TDEOH 2QOVWV7 *5 KDGD ORZ
EDFWHQLEbaci ZDMQGHSHQGKIRWAS UHYD ®H QF HAKHA. occidentalis SRSXODWLRQ
SODRDYWPRGRIUHSURGXBOWKRK®BXKHK )2 1/ VKRZBIGLIJIEUHYDOHQRHIXW
QXPEHU RI SRSXODWLRQV VDPSOHG WDBNMQ@WRKHAR OR QIHHMEKHQRW\SLFDO O\
VLPLORV\SHWUDS$® ;,, $JIDLRQH

6HYHGDIOH FRQWEHQRW\HSHWRXQ® GRPLQDIFNW F B DRD SHD VR X Q@ RV
WK UILBRW KH - $ T.Uabaci SRS X O DBXWVRER VWD G LY LIGHDEIR S X O [RW Lt&b&ci
RQW\SRIFROR@\WBUHVH@WHSRYVLW L FHIGGLWIDRIQRWKIKHQRWIERORQLHYV
WKUDQWGWSWHY D QUHD@QEHWEP WR ZHUHRXQEXWKHAHUBUHVHQWPDOO
RID OWKFHRORQLME/OH$ SXUMWUBLQQXPEHNY®RWD O GLYL GIADDOWKH
EDFWHUWWRERKEVUWLFKOBEHQRWDIPYHGRPLOBRMWQRWISMLPLEBUSKRORJILFDO
REW D LBDHG&V HGVW \ SHW UDRIQVKHXW FKDUDFWBGWSHQRBHQWH. tabaci
EDFWHM@WKAH -$UTUWabaci SRSXODWBRQRSXODWQR® VHP BOKRE occidentalis

9, 7 KA. occidentalis SRSXODMWRRE G/\SHNVUDE& ;,, FORVHRYW XWB KK W
W K\HD P &ID W VWDHRUIDE H HRKR Q V L V WRHXQ@VERD F W HRRUTL Dabaci LQGHW BX@EDFWHULDO
SUHYLROQVEWMK UNVSHFIRHMMG RPLOD QWU DZIHUBMEWDLQR® KHRPLQPR®R Q\
W\SRIEDFWBIBUHNY HOWKPIDMRWRUIWKHSKHQR W MHRR S X O DAKIHRIGV U I HYW
DGXIOQWHFWV7KHRORQRNQG®VKH JLY ® P HWK D WI O HW WD RIIW KMK UL SV
occidentalis SRSXODWHREEKHQRW\SLFROXADWKRQRODGD\REQ WWKWKULSV
VLPL@RKWM\S\HWVURE®inia VSHFLXWLQGLY LGREPXKLFWKHKDEHHQYRODWHG
EDFWHWRERKMWKUNSWF LI7I$ % Pas 7TDEOH$GGLWLREXOBWURIE@FWHULD
'HOULHWO D 2Q0HXUHWURIMDKHZDWREWDILQR® KX WDFWR IRIQR IWKH
GRPLQEDWWHVMANSBHID\REWDUQRBXWODURDKIR 1/ F.occidentalis VWUDRQ
EDFWHUWVRI D WRIEE occidentalis LQWKLYV 9
H[SHULPHDEHODWHTGS & 9 IRU
FRPSDUEZVW®@& ;,, ,QWHUHVWH ochemical identification
GRPLQWQSRE D FWH@ tabaci SRS XOD
77 —DUDOVIRDGWKI—VDPI—PRUSKROR%EERFKHFLLG:I_D@WLIRHBN\H\RW\BMO

P

G DW@WR QH/ L QKE#B, ( VIVWHRLYV
I'HDWXOMMKBtwinia  VSHFUKWDFWHUEBXRY « i v HIGD U O R/VS IMAKEID FWHU L D O
7%& cL | B.RE&cidentalis

VWUDBRV;,, DQBG$& ,,, IlURWKH

B WCHEEX occidentalis SRS XO W& R&rwinia VSHFLHV
7 KU HHD 0D VEIDE W EIR) ROD WSRVVE’EW@)éaaggIomerans 7TKHELRFKHPLFDO

WKWV RHRWFHF R/ W D U YEMHHF D XWAKHH \

FK,DUD FW R UBRMWHMIWRIK) ¥ccidentalis
ZHUH[SHFWRG YW KKIL JK EB\WU\WW Y D GRH Q JHE ML
EDFWHMHRBDLHWO E ,QGHH-ILGYFHXWJ: DFWRE LLM/E HV'S H U L PHEEW

9 DQG@G:9 9,, ZHUHGHQWREBGO
RIVLERS X O DRIL Ritadi KDGPXFKLJKHHLPLW?RWKEDFWHMFRD[EWI—RC&S—RW(}ELV
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Table3 %LRFKHPLFDO SDWWHUQ RI WA\SH VWUDLQY. tRbaci OVWFRmobci#ntdlis LD ITURP SRSXODWLRQ

Type strain | Colony colour I Biochemical pattern | Species
Thrips tabaci VWUDLQV

ZKLWH
ZKLWH
ZKLWH
\HOORZ
\HOORZ
0 \HOORZ
7* 9,, ZKLWH

DJJORPHUDQV W\BH
DJJORPHUDQV W\BH
DJJORPHUDQV W\ISH
DJJORPHUDQV W\BH
DJJORPHUDQV W\BH
DJJORPHUDQV W\BH
DJJORPHUDQV W\BH

9
9
9.,
9.,
9
©

wlw|lw|wlw|w|w

7* 9,, ZKLWH 6HUUDWLD PDUFHVFHQV

7* 9,, ZKLWH 3VHXGRPRQDV VSHF
Frankliniella occidentalis VW UDLQV

7:9 9,, ZKLWH 3 DJJORPHUDQV W\EH

7$& 9 ZKLWH 3 DJJORPHUDQV W\EH

7%& s ZKLWH 3 DJJORPHUDQV W\EH

7$& ZKLWH 3 DJJORPHUDQV W\SH

&RORQ\ FRORXU ZDV GHWHUPLQHG ZLWK SXUH FXOWXUHYVY RQ /% PHGLXP
%LRFKHPLFDO SDWWHUQ H[SUHVVHG DV D QXPEHU DQG VSHFLHV QDPHV ZHUH DFFRU
V\VWHP $3, ( JXLGH

7KH PHDQLQJ RI WKLV FRGH V\VWHP LV H[SODLQHG LQ WKH UHVXOWV VHFWLRQ RI WKH
7\SH VWUDLQV FRGHVY DUH H[SODLQHG LQ 7DEOH

WKULSSHFLHYEOH F. occidentalis JX W .
EDFW HAH.D R V L WLLQYEHH W D JDODF\@ /Sé}.raée@\%?ess between  thrips  gut
QQ Q QB 2| PWHDVW ESSRVLW SR®WK U LKW

DUDELQRWHN\ZHUKHJIDWIRWUDUJILQL FW HVUWL D DULKOR/Z HDG\D HD VWS H B H Q W

g E Etg 3 EF&D\WH QG“;*T_‘%L\;RB??; \é"v'\j X H\DLFFH. O BVERICWM \ L Q G L F DWK IDQROH \
DWBDANHD L | ® ) W H UR E D F WIHC BR Q@ GIHDHHS \E DR/ Q

?I:JSIDDC/,V“:I_\SI\RNVHWROL DR ORRGOXLF\ISV WERLQ 9, WKIZWWRUHHODWRG
) G\WRSKUR PCHDVR}GH ER}'QC’ DE]O dubidonas VSHFLHEXLFKZDV DOUHDG\
Q R o lQGLFPWHBER$8, ( WHVAKYWWUDLQ

7K HF R P S O M WFH. O CEHVWVA FHIQD\Q G
SUHYLRKWXOMVYLHWO D FrRQILUBY V OHIW RXW RIWKH GDWDEDVH

WK DWKIEWD FW VM D DVD SH UV L VIR g b U v L PIR@D O DWQ&RRW VW UW B ELQJ
CRPLQOU@MDELWDWRIEXWRIWKR v Ry WHYMIDVVHOHFWHGUH 7KH

cccdentals SK\ORJHGRWILWLROLQUUSVEDFWHULD
7K HED F W MW BBWDU DU R BR XRIXRI L yrH 25 WKWEEQWHURE D F WoHUGMKHALDR V H

: HO D W LW Grviki icola, FRQ L WAKWH
tabaci SRS X O DIHURHQ N L @B D AWV KIHQG BESEHRFKBI: r;rprlaaFSLg%glg\?vunEQmm@Hv
D O \ER1 O R QWIRGK HH Q EMvinia 77 -$U U ’

77 *5 77 1/ DQGI7 1/ 7KH\ZHUHZHUFIE-IEVHUD(Qi@RV\ZH’dU\HXSSRLEE\X\IKJ—LGK

O
WHQW D@/ KF H@ntoea agglomerans WKHL:I:_[JRRWVWDXH‘QH FODGGIDEHOQHG

- ‘ .
C UK ERIRDODF  TOMFD® B | nF SILDOB, e EDTWATLDE
W K RR/IMV KFH occidentalis JX\EDFWHHJEDB S

. K$1U H V M @ WZH UKIL J KDL P L QVIRX W
W K D. Viabaci EDFWBHUB‘RVLWQWWUD% 'TEWH\UFLa)lg/Rmu_QVHSWFLLQlEUOLHU
X W L O L TDONGOFGIB O R G X FDVQ @I D W QY

VWXGRLE®FWLYDWHI®RRUR]HWRFN
LQRVXWROL V7D DRIK MV \ SHV U REQ V
tabaci JX\WWDFWHULD 9,, 71 9,, FXOWXWBVLHWO D 7KHRWKRHIDG H

WKH FODGRP S ULR/@T\tabaci EDFWHULDO
71 9 7-% 9 7-$ 9, DQ®*
o " . VIWUDLIORW HTXHQEHHU EQGMWEZHH
9,, ZHUBICFARP S O HWA IR O ® PRH B/\W D \S y Q Q VIR Q

KHWZ R ODGUWIVQJHGBRP WR
VRPZ—|HLD-IEGM—RWL@R‘WHIDWBWKEIHUHVLPLOWL?\M“E%E%]]_O%MM@DWH
QR VW KGIL | I H U IE € M HFIRG H DQG

LQDEOHHVSHFWKHH((EADFWH@HQE?ODWDV RKLIKAURH[FHSWLRQV

W\SMW UDRBW D LIQHRE. tabaci RIWKH \';VR F);.QQ_LGWQM\M g\ﬁv}; LOD;{]QR Q'\gtabaﬁ'? I;]NXKV\I{I
77 *5 SRSXODIHIRAR P S O H@MH OH U HDW, ¥

1/ SRSXODVWDRQODFBAGWKIMXH
2QRVASHVUDRLQ 9,, ZDVGHQWLL HG g 5K\ poHRADLIFG B G L FDUMBK VW H U LV N
Serratia marcescens, D Q & KRIW KHWU D E Q

LQLIXUHDQBQM \SHWUDIEQ 9,,
9.,  ZMpgeddomonas VSHFIZB¥OH | opRsx0DWFEQFOXYVMHDNW URIL Q
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Figurel 7KH FRQVHQVXV SK\ORJHQHWLF WUHH RI WKH 6 U'l$FoHriellRI JXW EDFWHULD I
occidentalis Thripstabaci DQG RI VHYHUDO RWKHU VSHFLHV RI (QWHUREDFWHULDFHD 7KH WUH
SHU VHTXHQFH DQG FUHDWHG Xuth@ela SihidisolaPRIMN HQBG\DNUVRXWJIURXS %RRWVWUDS YDC
RYHU UHSOLFDWHVY DUH PHQWLRQHG LQ IURQW RI WKH EUDQFKHV 7KH QDPHV RI Wi
H[SODLQHG LQ 7DEOH )2 LQGLFDWHY WKH JURXS RI '1$ V HTaxkigehHV EHORQJLQJ WR E|
occidentalis 77 LQGLFDWHY WKH '1$ VDPSOHV LV ROrpabai | URKRH EDF WHUXBQRK QG LQ

ODEHOOHG ZLWK DQ DVWHULVNThiipswWibati EQPWMHIXPA QKL AKRZAMYD IRXQG LQ WKH )2 JURXS
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Serratia marcescens FRQILUPVIQHEH3, ( ODUWXSHUHY D H&HH K B8 D W WNHKUBQW
LGHQWLILFDWLRQ ZDW O RE VH UMY &cidentalis 'H9ULHW
DO E ,Q FRQW WDRFW occidentalis
Discussion SUHYDQigQahdci ODUQBINHUD FRIQE
KXQGUFHIFHQWL¥RXEGBGXHWFROLIH
$VVRFLDWLRRYVLSLGOWHREWWRQHVWDJH GHSHQGHWWAWRHY DO HQ F.H
SDUWL¥WORKEQ FWHMMKH XWWDQ R occidentalis WKKLJIJKHVMWYDORHEBHRWHULD
XQLTEKHQRPHQUQEDVRXQGDUQIHU zZDp\D O ZDI\R/X QIGV HFRQGYV WD W RDMB
occidentalis SRSXODWH BQIVHW O D FHUWDHDWKYWXGDQGREPPS RV
D QRsfusca :HO GIWO , QW KY W XV K Habaci D QB occidentalis VHFRQEGY WDW Y D H
DVVRFL®WWaba® IURBLITHBRGWO D WLRQW KPID VFX O W2HIHKV HBR V V L BWEH
ZLWKWDFWHBHY FUZENMGKUR 8WKHVHHG X FHIGH Y D OHQERMWW K2 DQGE 7

SRSXODMRRWYBD EIPR X RIEWD FWHOQ LR S X O D WNGRKGIVRV KHQFOXRLR@EQJHU
WKHXW QRQBDUWLWXSHIEDFWHVYLPKULSY ODUYDH

GRPLQDIOWMH occidentalis ODUMMHELYLGXDO
T.tabaci KDY¥SWR EDFWHQHDB RIQG/WDU . . . - :
ODUBRBGXGWW KR $K UL PMRWR\O D\prl)%tlon in gut bacteria within a single
EDFWEUU BIFRUVMRGAKGIL V V HPWHDGEH H :

G R GRHD. occidentalis E X RRWJ. tabaci W K H® Q RWIGHUIH U HEQIRMHZ HH@baci D Q 6.

U H V XRBEWVD LKGHUEHW U R @ XO Y HW KVD.W occidentalis ZDW KWHD UL DRMLRWD FWHQLD

tabaci E D F W HWIEDO \ORR F D WQWEK W K U L#\%ﬁ ::E;_LTG Xﬁ@hmfu%mssg@“‘w“'@'sa:v
KL Q G IV WHIWHDR E DEMNMST \\R X Q J VBLIRFQV oD

T. tabaci V H WIVQO KL Q G DXQMBU RW R L J K W KH tabaci OLIFHFO®DPH®KFRREGVWD U

Q X P E HAK\. QVHKLHD V KIRWLW H H G L\DH' ODUDRB G X Q@ Mccidentalis LWDVRXQG
WKDWDULDE@WHFURIRR®EFFX.UM- UV W

SULHWO — E 7KHWHVXORP\E L @H® K VVODW YO W ALK IO\ NHW D\ IBHwini

W K\HW XRE@. fusca :H O GIW O VXJJH a

Thrips D QFEankliniella VSHFLHV

'"HOULHWO E 7KLYDWRQORXQ®

&R QW WIRX'S U H Y MVKXEE. occidentalis W RHabaci SRSXODWLR@QIRUWXQBWH O
GLIIHPHG®H ULQRWHRBBEDFWHURR@KP VQRWRVVLEEBH S HODWWHYRDDWLRQ
|URRtabaci O RKIDED FW HISLD @KV 6 LS HULPIROW.@baci SRS X 0 D Wi RQXV H
U'1$ E HHEL U HR VDD LQRIES- U X 8 i U D ¥ P RIVE I ORED L O W (1 & BHE HE Y Y
RT. tabaci , W \DL N M\H U HWVRKDMG RO R w- Y U DARL R RRPSDU

K D YIHI X G5Q F WK 0. Habaci PLFUR I QW.wpC PWINRPGLITHUBIR@H UDVWRIRQRULS V

SRV V VEIORW KRISSS R U W >0 60w Ko W RGP U EDRRVVLE BRPSIR S X ODRILRQV
W K BBWRQ R WU R B QW KW¥H O H W Fie R z wW KB U H VHRIFED FWH VWD RGHRID Q\
PHGLXREDFWHWREDV#%P HG LXPW JHQHUDWILVR QAD VL F. occidentalis ,Q

HUO PSR UWDRDWX GO V H FRAIY
L\S RV V VEIODH® F X O W XRUEDCH QMR EHL R WIHER
EDFW BUED HV WEDW B R WE QMR UR z VH Y HUIDOH U D &k RB/B I D E HF HUWDLQ

RXW WU BMK ULSW K K U H Y IVRXXZGE\W.K DERX\MVKHH[DFWDWXMIFWKHVUPELRWLF

occidentalis FR QI L UW KEBWM\ SSHE D F W H U PYP RFLZUWWRQED FWHHLDU L HWD O

GRPLQDRWHOARGEW FWHURZ®BHKGL XP

DIWHFWHVRDOWRWRRUZBSVLPLWRU

WKM\SRI EDFWHWREWDLDHGE& L UH EWinia species gut bacteria

VHTXHQFEQXGEK H[WUDNDRWB KULISV $Fdccidentalis SRS X O D WQRBRWWabaci

ULHW O E 1DXO®GWDO WUIWIKBESRSXODW.WRREGLEBYVVHYXYWEDFWHULD

L VR O\bla¢hia ED FWHIRMDtabaci EX®LGEHORQWRY KHH Q XMwvinia. 7KHVHQWDWLYH

QRW ILQG WKHVH HQGRV\PLRQWW &£ BFWRPR My KEID 5 YW HASISNATY Y IR V
agglomerans, ZKLFKVEDVH®ELRFKHPLFDO

Prevalence of gut bacteria in T. tabaci LGHQWLILSRSD WL R HF O RWHOD W IRE QH V'V

: DRIE B F W HWR B D U L R Ybtidentalis
7K HQ X P E RU. tabaci LQlHFzz/\LPV\E@FWHL%LWdJ ,
ZLW RIQBIR S X O DWKSFUQ! Y D RHEQ@R-AY H LA > X O DMER QM UPWWX HE U'1$VW X G\

ZDWLPL@WRWccidentalis $ERXW RIWKHJLIXUH'HVSLWKEBLPLWHABX®W 6

U'l$ VHTXHQEHIIHUHQEHHWZHR.Q
DGXMWHQIHFWIHVEKD FWHEXWPRQJ
Q Q occidentalis D QT tabaci JXWDFW BDSDMWWHUQ
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VHHMRPHUWKDKMRZWHSDURW2ZRQG XWLOLVYBWHRVHIIX QFGoccidentalis ZDV

77 EDFWHOQWY RS LITHUH@MWGHVHP. RQOIHFHQW®\WURGXEXGRS$HVLDQG

agglomerans VW U DU®W) H D WDAXO tabaci SIULPRU{GVIDDUG Q@& KWKUKDW

SRS XODMAARWMHIHWENHKAH FODBGRG YHURBUR X® VWD Q JHX G LHMD O , Q

D ®0agglomerans VW U D U®P. occidentalis FRQWURNW DUMQGHERPPEPRVWURSHDQ

FOXVWHU WRIJHWKHU LQ WKH )2 FEBRQWUKLER X K® YH. Y H.Qabaci PRUH
WLPRHB HY HIOR\GW DEQVWR W\SHVHUHVWLQJO\

, QW KS-D WWKWHS H FQ B ¥ BrWinia herbicola WKIRSXODRMLRBHR FXOWRIHANUH

DQGP. agglomerans KDYHEHHQXVHGD @QWKRWWS\HW URURWDFWHKHDNDHDYV

LOQWHUFKDQBHDB a8\uow 2XU 6 WKHtabaci LQZKLFXXWWDFWHHUBRXQG

U'l$ VWX GEFWXJIJIHWWAK\DWK KV\S HR/ P. ZHUFHXOW RQHHEDS R GVKFES RVVLERID LW\

agglomerans L QVK)I2 F O DBGIGQVKAYFODGKRVSWDEBGWHEWW KW U D Q V P LR/IMIXRAQ

DURHQHWLFROKWLIIHUDYMRVW EDFWMK RBIOH D NIHOWR FRXEB®VWDYH

VLPLODEXWHSGVIIHDRPRBHD RWKBW QHY HRIXQBQ\WKRVMWODBWHEQEDFWHULD

OHDVW VLPLODPQORQIHODGWKH WUDQYVPIEWKN b&iQentalis EXWHHRND Q\

F O D ®RHP. agglomerans LW H O DWVM B\W\S HRW KPP EHROIW KIHD P L O\O L D ZHDDWBIR W

VWU RIE) herbicola TURPVKHHQ%» DN LQFOXGHG LQ W'KHYWL W W XG\L DD E

herbicola EDFWKDYEHHRX Q@ W KHW HF W

VSHFLOWK WWX GALIHND KBIWO. DQG

Thrips-gut bacteria interaction
:DWDQetaH VKRZMWEBMWEDFWHLU H V HRQIKHE/D F W HQV. D@&Haci O HD G V
VSHFLIWWSUHVH@WEURZGODQWKRS HV VZ KRBV GRAL O W H U B DWALIRNOH

PX O E HS\W\D OR QL ONZ RUPE UL JILQ QW ey 7 1 1CE L R@UB R VAK I O W H UDF WL RO
| UR BV K HLRIVSAD D QAMAK KBV H D UK B M . ;
GHVEU LIBVAR F L DRV LL ES\H F G HWZHKW®WDFW B QEDccidentalis FD@H

RXQV\H LDHQVG 5 % W X D GELHVEMIGRR QYQKWK UG BM /9 U L H V

E”terogagixa&%gféa”so LQS[')""‘ é‘HRDCgHgg HWD O JWZ D VR X OVBK BWK U I & VIOKK W
W Q EDFW KD YBV KR UHWE B ®H O R S\PLPGW
|UX L@/ HD F & R O@ HIP EDUN
DQ&LJKEDLIE UR G X FAKIHRIL Y IRQJ
EHHW@IMY.GIHV WHUPLIWRHWULNGY o 5 51 VEW eD 6L UG HBL VB B &R 00 H
%UH]QDN PRV TX L VRHM VD O @D 2 Q
Enterobacter agglomerans ZDWHQDPWE. WHKEXW XD Ol VRIRLW KSU H V HRQEBIF WH UL D
é VRMR X QERZHY WWKE D Q QFRHELUHFW O\
t

agglomerans *DYLRWO '1$ VHTXHQ C
FRPSDULWREEHVWRDINEQVWDW H Py Q CWRB K. tabaci -+ JXWEDFWHULD

H U DEEMALIRRQA&baci K D YRIW KGIIUH W V
R QV KIHH O D W HE G @/H WD F W HIREBQ\ o R D F W HRIE DD P STOtabaci
RI WKHVH LQVHFW VSHFLHV DQGdgﬁf;’?%@E% | H UIRGRO ONYR X O G

L @. occidentalis 9D Q5L MW O , Q
Bacteria not present in all onion thrips DGGLWLRKQ RUMD UL DMWIOR® E D G
populations WASRIJXVEDFWHRDMR XQIGQr. tabaci

7KUMRKWIHLJK Wbaci SRSXODMD®QVFRP SD UMRE KH occidentalis 3 H UK DVBKH
LQWHEQB W HRWWRRHZLQGLYLGKWBYUHVHRFEDFWHQID tabaci LVPRUH
HQRXEK FW RWRLIH GOV \ SHW U BRLDXW FRP P H Q V D OZKR/MULEFD F W HWH DX LW K H
EDFWHQISRS X O KXW BRBADFWEXWR H\LQV HW WYU HDESH X R \SW D W MV \ S’H

ZHUHX L & HY HQ®Q U H O DRALBV XKD ®/ L QW H U LZFDAVD R'QX PHRGW KSODQWKRSSHUYV
FRQWWRNRE VHU YW WD @ Qccidentalis  :DW D Qéd &H DQUCRE fusca *LWDLWLYV
SRSXODWRRIEXW DFWHM LKID YWMW XGLH® DO

PDQSRSXODWIER®entalis 'HOULHV

X QS XE O LWH\HGCBW Y KDLSWVSRVVLMERHQWHUHVWMRDEBWO VW XGLIMGLR XV
F O D WIVtabaci SRS X O DDWE RIQN EH RW\SSIR'S X O D R/E. R&@identalis D QT tabaci DQ G
GHSHQ®RIQWK S U HVHRUDHE V H QA HX W | R X Q/GK IV\W H.UZHO DR D UYJBIU L DIVON R B

EDFW HUH BDQ G X V K GHILQHG HEWaci D E L OW RAU D Q \SRLDAD MU X \GHDID
ELRW\BWWR S XODRIDB@Y\S K DA XM Bttidentalis SRS XODWHRQIWEM\Q YR UWYV

V SHFWH\DWH H O DMWRIG | H IKHRQYSYD D Q WO W KR X DU L D WH[RQW.\D) WUDQVPLVVLRQ
% XWKEHLRWR B FHE®BULQFRLSHGILFDHEHOHFLHOGO\RQH. tabaci SRSXODWLRQ
W R O/R URMIVP SR U W Q @ MFWW U L EXRVWL RD VS UWX FFHV WX DQV P RIMDABR W W H G
H[DPSD® W KHUX G.lokcidentalis ELRW\SHVOW UXINVQGRWKISB SXODWILZRJFKH
ZHUBHVFUUBHHGUGRYHFWLHVYGHW DB QKB DQG77 1/ GLGQRW2I WKHVH
%UiGVJDDUG,PPDUDMNWD O F. SRSXODWEZR®VUDQG7 1/ FRQWDX W
occidentalis ELRW\SHDW HRBQ KRVWODQW

-RXUQDO RI ,QVHFW 6FLHQFH 9RO _ $UWLFOH



-RXUQDO RI ,QVHFW 6FLHQFH _ ZZZ LQVHFWVFLHQFH RUJ ,661

EDFWHQBD (J\GRl—Q\R\/\X/\L\BUHVH\QW\XFKQ}lU Endosymbiosis of Animals with Plant
VSHFXO\/DR\MSPI‘VVKIR‘QN}Q:I-QIOXRQRM/ Microorganisms -RKQ :LOH\ DQG VRQV

EDFWHULD RQ YLUXW'WMQQVPLV\éBBSQEvFOC%HUQmV 2QWKHBR@®HPLFURELDO

VI\PELRWIHY KHUELYRURXM F Wh¥ect-Plant
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