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. B CRREREEANAE.
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L2 G, Serratia 1 Arsenophonus BEHEIN, B Chryseobactium FREE,
BERAKIRZE EETHRESHEIMLARLEERER. HENHER
Py ASD7 #0 Mudgo FHEHIR CEF BRI R TN1 £JF, ASD7 FEHE K&
Rt BEBEMTEENEL. T Mudgo FEHE K AUAN Acinetobacter
Arthrobacter EHE tH, 2 RZFEREBRKKAKF. BELHERHTHR H
F Mudgo ¥ CEAF BB T ASD7 AMEHEHK L, HAAZILERBER —EN
B3, EEBEWERA K. i ASD7 MEHBE 2 Mudgo KK LEZ B, B
BEMRESEMBTN, Serratia M Arsenophonus & % 8, BAR
Chryseobactium IR HE, RE 1 fXZJG Serratia F! Arsenophonus HEBE T
B, B8R ET Chryseobactium.
3. fEHluminafMiSeqiifFF{X, Xf7KFE (TN1. ASD7HIMudgo) . #HEHE
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rRNA &2 X PCRA=MIHEAT Wi 7, FERRAE N 4 R T &P AN 2
BT AR B RS Z MR B M. 3518 Blreads 804,3065%, P98 AME R
Hireads$ H 9100,538.3%%, $H#:/8 FlMireads F39H MK H249.9 bp. A
fhreads$t H #1741, HRIBI7%ABUUER 75 REHAOTUs, NETF—
OTUM—H PRI ARERMEHFF AT T iR FERES T . BRI RI321 57048
B, HHTN1. ASD7FIMudgo/K BB EMRF 2519165, 147F1118F: 8 KETNI.
ASD7FIMudgofp# 53 B 4151. 16650175 ; 78 A/ N FI BB R B 6 514219
F222%, HAP=AMECEFEE. PR REUA A BEVE M R L LLBAR L, T
S5KBERAAEREERERRK. EORER CELEME T, Arthrobacter.
Chryseobacterium. Wolbachia. Arsenophonus¥AcinetobacterfE =AM /KIGMRFP. =
NEE MBS A BFREE XK E], SerratiaBR TN1 FIMudgotg & i
REWBIS, EASDTHE M. 18 CEMREAAMFE. HIMEINRILEMAE
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Abstract

The brown planthopper (BPH) Nilaparvata lugens (Stl), characterized by its
seasonal migration and r-strategy life pattern, has emerged as one of the most serious
insect pests affecting rice in China in recent decades. In the integrated management of
BPH, the utilization of resistant varieties has been proven to be the safest, most
economical and effective measure for controlling BPH. However, application of
resistant varieties can induce varation in virulence of BPH populations in the field.
Studies on the mechanism of change of virulence of BPH are to provide a foundation
for management of BPH. Therefore the relationship of bacterial community in rice
plants, BPH and its natural enemies was investigated by using several different
methods, and the isolation of bacteria in rice plants, BPH and its predator Cyrtorhinus
lividipennis in vitro were also expored. The main results are as follows:

1. The structures of bacterial community in different geographic and varietal
resistance virulent populations of BPH were analyzed by using denatured gradient gel
electrophoresis (DGGE). The results showed that the bacterial community in BPH
nymph from 1% to 5™ instars varied with nymphal growth and development, and the
bacterial community in 1% instar BPH nymph was similar with those in adults. Nine
geographic BPH populations were obviously divided into three groups based on the
cluster analysis of DGGE fingerprint. The first group BPH was only from the
Philippines, the second group was from Thailand and the provinces of Hainan,
Yunnan and Zhejiang of China, and the third group was from Vietnam and the
provinces of Guangxi, Hunan, and Jiangxi of China. BPH populations adapted to
different resistant rice varieties, Mudgo (with resistant gene Bphl) and ASD7 (with
resistant gene bph2), has similar bacterial community, which was different with those
fed on susceptible rice variety, TN1. According the cluster analysis of DGGE profiles
of 16S rDNA gene fragments of bacteria, there were singnificant difference among
the bacteria communities of different rice varieties, BPH populations with different

virulence and natural enemies
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2. The specific primers of five species of endosymbiotic bacteria were designed to
determine their numbers in three virulent populations of brown planthopper (BPH),
Nilapavata lugens Stdl, and to assess changes during adaptation to different resistant
varieties using fluorescent quantitative PCR (FQ-PCR). The results showed that
Chryseobacterium was the dominant bacteria, accounting for more than half of the
total bacteria in all three populations of BPH. In the TN1 population, Acinetobacter
ranked next to Chryseobacterium. There was no significant difference between the
numbers of three other endosymbiotic bacteria species. In the Mudgo population,
Arsenophonus and Serratia ranked next to Chryseobacterium with similar numbers,
and they were not significantly different from two other endosymbiotic bacteria.
While in the ASD7 population, Arthrobacter and Acinetobacter ranked next to
Chryseobacterium, and all four species of endosymbiotic bacteria were significantly
lower than Chryseobacterium. When the TN1 population of BPH was transferred to
ASD?7 (with resistant gene bph2) rice plants, Chryseobacterium was still the dominant
bacteria, but the originally subdominant Acinetobacter declined to a level that was not
significantly different from that of other endosymbiotic bacteria. After they were
transferred to Mudgo (with resistant gene Bphl), Serratia and Arsenophonus
increased significantly and became the dominant bacteria, replacing
Chryseobacterium. However, after feeding on Mudgo rice plants for two generations
they declined to a level that was not significantly different from that of the three other
species. When ASD7 and Mudgo populations of BPH were transferred to the
susceptible variety, TN1, the structure of endosymbiotic bacteria in the ASD7
population of BPH showed no significant changes. However, the numbers of
Acinetobacter and Arthrobacter in the Mudgo population of BPH exhibited a transient
increase and returned to their original levels after two generations. After the Mudgo
population of BPH was transferred to ASD7 rice plants, the quantity of endosymbiotic
bacteria fluctuated, but the bacterial structure did not change significantly. However,

after the ASD7 population of BPH was transferred to the Mudgo rice plants, the
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bacterial structure changed significantly. Serratia and Arsenophonus increased
significantly and became dominant, replacing Chryseobacterium. Although the
numbers of Serratia and Arsenophonus decreased significantly after a generation,
they were still greater than Chryseobacterium. It was presumed that
Chryseobacterium was dominant in all three populations of virulent BPHs, but had no
significant effect on virulence variation of BPH. However, Serratia and
Arsenophonus might be correlated with virulence variation of BPH.

3. To explore the horizontal transmission of bacterium between host plant (rice),
herbivorous insects (brown planthopper (BPH), Nilaparvata lugens) and natural
enemies, bacterium species in rice plants (BPH susceptible variety TNI1, resistant
varieties ASD7 with resistance gene bph2 and Mudgo with resistance gene Bphl),
related BPH reared on these three varieties which was named as TN1, ASD7 and
Mudgo population, respectively and natural enemies (egg parasitoid Anagrus
nilaparvatae and predator Cyrtorhinus lividipennis) were analyzed using Illumina
sequencing technology. There were 100,538.3 reads sequenced from each sample on
average and average effective length of these reads was 249.9 bp. Based on sequence
clustering at 97% similarity level, all reads from each sample were grouped into
different operational taxonomic units (OTUs) and one of representative sequences
was choose to species analysis. Totally, 321 kinds of bacteria were detected from all
samples. There were 165, 147 and 118 kinds in TN1, ASD7 and Mudgo rice plants,
151, 166 and 175 kinds in TN1, ASD7 and Mudgo populations of BPH, respectively.
Numbers of bacterial kinds in Aragrus nilaparvatae and Cyrtorhinus lividipennis
were 219 and 222, which were higher than those in rice plants and BPH. Both of the
results of principal coordinate analysis (PCoA) and unweighted pair group method
with arithmetic mean (UPGMA) showed that bacterial flora composition within
different BPH populations and their natural enemies were very similar, however, they
differed from those in rice plants. Five genuses, Arthrobacter, Chryseobacterium,

Wolbachia, Arsenophonus and Acinetobacter, reported as symbiotic bacteria in BPH,
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were also found in all three rice varieties, three BPH populations and two natural
enemies. Serratia was similar except it was not detected in TN1 and Mudgo rice
plants. Rickettsia which was usually reported as one of secondary endosymbionts in
Bemisia tabaci also exited in all detected samples. Buchnera, the primary
endosymbiont of aphids, was only found in predator Cyrtorhinus lividipennis. These
preliminary results indicated that horizontal transmission of bacterium does exist
among host plants, herbivorous insects and natural enemies. Much more studies are
needed to find further evidences.

4. Bacteria in TNI1 rice plants, TN1 population BPH and its predator Cyrtorhinus
lividipennis were isolated in vitro with resuscitation promoting factor (Rpf) in
medium and molecular characterized. Six species from TNI1 rice plants, 9 species
from TN1 population BPH and 4 species from predator Cyrtorhinus lividipennis were
identified according the sequence of 16S rDNA of each strain. Only two strains of
Enterobacter endosymbiont were isolated from TN1 population BPH and they could

grow well in subculture.

Key words: endosymbiont bacteria; bacteria community; brown planthopper (BPH);

Nilaparvata lugens; virulent to resistant varieties; natural enemy; Cyrforhinus
lividipennis; Anagrus nilaparvatae; horizontal transmission; Denatured gradient gel
electrophoresis (DGGE); fluorescent quantitative PCR (FQ-PCR); High-throughput

sequencing technology; Isolation in vitro
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EK P REEES, BR5HEENILER (endosymbiont) K T # )
3L 6 R, SEA B 5 18 M B RS0 | PR 246 (Baumann et al., 1995).
HABABEIRRERASYFTRINFELEEEFNS, URHAAAE, BHR
WA R TR ENESEME R CER#SE, 20052; EEMH, 2005a;
Moran, 2006) . M4, BRRAELEBANERBYEYHENMFA. FE
BHMESA I UREBEYRES T EAEER(EM (Wilkinson ef al.,, 2001;
Zchori-Fein and Brown, 2002; Oliver ef al., 2005; 4L 2%, 2009b) , i & 5%
FHRIPOE LR EFEBRFEH KX (Montllor ef al., 2002; Oliver et al., 2005;
Haine, 2008) . ER4ME R B IS S, EFEBANNSMA. FEZUURD)
BREEB LR (BEHE, 2004; BRABE, 20052; EEBEF, 2005b;
Moran, 2006) -

11 &R R
SR R kRt BAR AR B ROMERAR. REQREHFETH

WE. ZHE. $HE. AH. 8T, BAEAVBESRAGAN: REEE
EIERMEE. KRESRE RGN BBEEFETERNANT (EHK,
1994) . B KE. il HERMGMPELBENEIERBABRFESMRX
B35 (Nodaeral,1995; BffE%, 2001a: WEHES, 2003) . Wolbachia &
BESWERN R Mt A, RESNMECMBAT EFENRAIE
Bz—, BATHEXEE Z@%E, 2000, FHE, 2000 .

RIEARE RS HKE, BRANMNILEFETSATEHEE R 1D . R
I B S X PR A, SEAE A S IS ERITE AN AR
BMERESEAAFGE, NATSMRASEER. MRALAERH. RIES XN
fir, HXA4 AR, AENREE. REEERR, T hEER
BAUKEAEE. RERSF EHNER, XAHS AVE S EERRE LR,
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BEEHILEBEETR—-AFERA, SHOD 12 My EIE R IRESE
G P

® 1.1 FHERMIH
Table 1.1 Taxonomy of endosymbiont
e R

AR F PR RRILERRNIEAE
Bisbhr E MMASNEER . GIRM LA
VeSS L FARRIE . MAMNBEE
ligi P FHEH. KPR
5% ER#HRR VIAESAE. REFAER

1.2 BRARFCERESEENXRR
WE AWML S, BRRtEET U AREE, YIELEEMRES

48 (Dale and Moran, 2006) . ¥4 A FFESFEMHFBEMEREGR, #1T
FERR R EAEHE . BIISF RN L4 Buchunera aphidicola, FEIRHLEAYF RN
B, KEREBEIESTENENEAX, NRAFINFEEMEEE,
EITEA T HK AR E T T SN T H, B RAEHITE B4 (Hurst
etal,1999) . WAEFABNEZEMENEWERITE X, A MHHRPEN
RAFMTE R —MINE D TR RE FN. X WRME — W REERN T RE
FABPRY, TR LUAEENKEERE (Montllor et al., 2002) .
#EBRKELEHSRLBOEFMRRRI LIV E RO FE. 4
M E B hA S RA S RBERE. OEEERNEE RN, TENHRIK
HREHEERRS B BARSE, ON E. BREM4ELE RS 8K (Wilkinson
etal,2001) , H—EeEE\RNXLEEFRNBATRSFIE BRIBRRILER
AHE(BHIE, 2001b; T EEL, 2005) . /KFEEEE RK KA Nilaparvata lugens
R R 2B RESL AR B AR AR A TS ME O IR, NTOFI R 38 E AR F Y R BD
SFBCALE KRBV EOERAR (Sasaki et al, 1996) . BRAILAEFHHIR K
2
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A R B K, F RAEE R A ERRESIE T EH KB CA,
FHREE S KA TR IERNEE K, NTEWMA R BE BRI K

(BfP%RSE, 2001b) . BEREAFEENNAEEREEMTEENRER. IBHE
B, HAEREOMACTERYR, REEESBT THEDMREENE, a7 Lix
BEARNAEDREDR#THREER, ANSS5EE0ERBI, HBEE
MERRAVHEUNEAFRREFERYR, XEFXHE BROEFHBAH RN
P EAARHEERE L (Dauglas, 1998; Wilkinson ef al., 2001) .

121 BRGNICEREFZHEPHER

1.2.1.1 FUREREER

HAEBAGRBEBERNER, AiHEXRY, XFRPERAFETARNY
Bshprb, wdF. JedF. $F RS, ANt AE B A EEIFERRES,
B9 1 41 K 7% R AE I NR (Oliver ef al,, 2003) . ¥ Ri3t4# Regiella
insecticolla TE R IR E B Pandora neoaphidis P X E/EM, 1B&E T HHREE
Rith . il A THES AT S Eakgf SRR ME AR EE R
insecticolla, JURZJGRIX AN FREFEBRIIRIREE P. neoaphidis B I FF 15 H
VIR ERS, T HRRDHF RIS FAERTAMR, MHRERREET R
(B 11 % (Scarborough ef al., 2005) . BEYERKMIREE Philanthus triangulum £ F)
AR RIILEE (Streptomyces) R REZBOREENRE. MHK
AR e 7E 3 P19 5 0 PR A 5 A6 T Ao A o B0 2 1 0 D 5 TG, n SR B
EXEHE, SHNAERENRERMYRMRTE, XREFLEHE=ENRE
R LKA BUR BB 1R F (Ferrari er al., 2004) . EAURIEH YIM 4L Acromyrmex
M Atta (Kaltenpoth et al., 2005) .

1.2.1.2 iERIER

AR T AERREMEDRERS, CRERETEEFEGER.
Falabella % (2000) I\ ABF 884 RMA KR B S8 AL E R E R THEER &
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YIBk & . Cloutier (2003) 3Rl #uf S 25 4= i A28 & 44 9 B & L AL A 3K
BENEMENE RS, B9 5 Acyrthosiphon pisum R HIFE R ILAEE Serratic
symbiotica 1 Hamiltonella defensa 5 B HAHE 494 Aphidius ervi T Aphidius eadyi
4 3% (Gil-Tumes and Fenical, 1992; Oliver et al., 2005) , if H {2 4 Z A BEK 30%
PLE, XFER IR RA SRR RGE, R hHdnItE i kem

(Oliver et al., 2005) . FAMAE R EBRETHEE Asobara tabida EARIFLAR
Wolbachia, MM RET AR AIIRF (Falabella et al., 2000) . —FpARENILAE
W5 Encarsia FHEBFMIMERE R, ANERLEE, RSB XTE
#5757 5P4T AMIEE4L (Zchori-Fein and Brown, 2002) .

1.2.1.3 i BER

HEHBRFERFEYRRPFILTHHER . QAR AR Bt
S AR LB S iR e 3 B 4 R (Rasmussen and Khalil, 1983) . Kellner (1999)
RERBHFERIN Paederus N B4 —FRBXEHYRIFHEZR (pederin)
HERKOFH R, ERBIUELX R B H AN — R M~ ER, MR R R
A EFFHEM) (Kellner, 1999; Dedeine ef al., 2001; Kellner, 2001) . 90%UA )&z
AR EAARARRSENBPEER, XN R EAEAGIRHE, AR
FUPE R A RN AR =S AHRERKENR (Kellner, 1999) .

1.2.1.4 tAEEN S RBH/ERHLE

FEBRNSFHBRERAEBZHIG (R 12) . FEFEHENYR, o
E4L Cisatin) FNELEE (tyrosol) (Piel, 2002) . FLeR BT 4E HHREEY
R (I E A EE bryostatin, UFE & pederin, onnamides F theopederins) JEh
LHEFEFHHE, XEYHREIFHEZEERNA R (Kellner and Dettner, 1996;
Kellner, 2001) . B4h, FAH H defensa F= B R fERXFIILERD ILF
Fif i F BT LN XEEXSERHFER (Shiga) AL, BFTHRE
BAMAIER . B Sk By 1 B ER T A F AR S, symbiotica R H5%
BEBMILER R insecticola MATREF=HERDIER. BRTENGIERKMER

4
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Sh, WETERETEE S —MBHLH (R , RAFETRELSKFEENTLEY
(horizontal transmission parasites, HTPs) & F BHFEREERIPFE. €A
AT REAIE A F £ MAT ABUE NS B BAE I LR IE R BB, RHF LR T
# HTPs 124 (Haine, 2008) .

% 12 FERN SHFEBBER

Table 1.2 Roles of endosymbionts in insect hosts resistance against adverse

factors
A #HE {ER B#x fEFNE T
Hamiltonella i wF FH® HHEE  Gil-Tumes and
defensa Acyrthosiphon pisum Fenical, 1992;
Oliver et al., 2005
Dictyocoela sp. Gammarus roeseli FHEMFRR Haine, 2008
Regiella B G T BHE Veiver et al.,
insecticola Acyrthosiphon pisum 1982;
Scarborough et
al., 2005
Streptomyces DR 1A i-N:) ME#HY Fermarieral,
Philanthus triangulum I 2004
Streptomyces P =N} HE®Y Kaltenpoth et al.,
Acromyrmex T Atta R 2005
Serratic FAER v TFHB Gil-Turnes and
symbiotica Acyrthosiphon pisum Fenical, 1992
Pseudomonas sp. F R H HAEWER%k FEXEY Kellner, 1999;
Paederus spp. J Dedeine et al.,
2001; Kellner,
2001

122 BRARSERELEHNFTEMIETRER
EetRRBEENASREENST EEY, ATMENEDHMERRE
VG, TEEFIHEMAEESL. Eit, FEAERRNF EEYNENTRE
i, BHRNEMSFFEEABEEWL, FoUARENEE SRR EEME (U
BAHAR AR (BRSUHS, 1997; KPS, 2004) . XMFEEMOLME
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R B RES T EEM KN RS IR P OESEE, EMIRERRBIR
wRAS, MEZTEFHERRER-FXEM LR ECEMZRPNELR.

1.2.2.1 BRXHFEYMERNE

KEHF R R R AA R LT EHEY, R AHEEHEERNE, mE
BfE R Z et by R TENBFEARNGEEY, BRTEsEHY L
MEILR (Eastop, 1986) « FEATEFERMHT, XMHEFETEURPERELLS
REBTHRIOZ . AEEXES, BENRGHARFTEUOFARRRER
WA ER%EHEMS (Wasserman and Futuyma, 1981) . —20R0PE d G8 RIS E N
BRI R R T ERARA, AEFOBELME (LRI M4 h
F. BARREAFEIFZKBETENEEEFRZ —. 20 ©HL70 FR,
BEMER GRS KERELMEEFROKRETIE CERKREMPIR26, 7
B CARRESERERL, FETHRNEDE (REHMNE . 25, RE
BRXE CAMBFOBREE T80 FARMUERE TR (KBS, 1992; Lu
et al, 1999) , (EBAF EH B RMERE, SRAFG%HE. BREY
ARMAMANRER, HEZHEWOCEHRRMIL00ZF (Liveral,2007) . B
B FTHAREN, FHEFZEVFHEESWIEM, AEXEBEAKT K.

1.2.2.2 ARERENF T EMIEEHHER

WA RRmMEF R, KA AR EE, FEURSHEYYIEHHTBRANE.
EYPE TR PR EYEREEMUTEERA S XREE BRI, XL
BRASREARBER. LERERNSLE RN RERRANSEEE
HEE, FARFEIEARBUOFTIERINEY. EERNLFEAERSE.

ERLPNFFEIEYNEN LIRS, FEFREEREFEHRERN, TS
BT hR R R E LR (Campbell, 1990) . 1AK% FLAE 408 AR SEHF7E 16
FhE Y LA KRB S T I B REF & (Ishikawa, 1986) . Simon %(2003)
FER U EUR N L35 EAE MR B S 0F R 15 AR, IR LA I 5 i 8 1Y)
HFEBEN SMMEFEMEEL. Leonardo Al Muiru (2003) K3, SARBGLaREY

6
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HAbSAEME B SR LR, B U B B G TR R E S LS,
BEBTERE LNERE A (Adams and Douglas, 1997) . FFHIAER B
REF BB U BIAR, RIBE U BISLA B A i duE R 3 B0F iR
oM, MIMAKN U BER 55 R HTBLR (Leonardo, 2004) . {H Tshuchida
% (2004) HRIBEW EBRILER Regiella J5, GKEGFEALETE ERERBIK
7 50%. @IV G ARG St AL B Y 45F S ok (o L BT R R 4L Regiella J5, H
AAHEENERNNTIRERE . X—4REKY, BRPILER Regiella BEIR S
WFRAEOEERE ERER . G2 ERY RYIE A Buchnera J5, H4b—
FRRAEFLEE (pea aphid secondary smbiont, PASS) £k N i faA P i 48 g 55 o
Buchnera Fr B 1”2 18), HB— MR ERS, SFGFRNEFNERE.
H =4 PASS B3t NE Buchnera ZE)INHIRS, B REEKMBEHALRZRRM.

Zchori-Fein %5 (2002) R F 16S rDNA FF 34 #5851 K gt R EE N AR
WX AE TP - AR REDEER AN SHE R NA R S ST THR,
RIMAF AR RO 10 38 R o 3L AE B 168 1DNA FHI R B RE KRGS, B£
FEE T ARBGER . ERABSE (2004) @M EILAH 16S IDNA HER S5 R
ZGREMAARY, ERTREFEEY LN B 2R A LR Rt RHEHX
1R B A LA B AT R E — MR RIS R, BILAE S LR MM B K5
FIERM 145 R (Koga et al., 2003) . FrKPI% (2005) RA PCR HAKH T4
MEHNT B BFHE B & China- ZHI-1 FEFHIRAER, SREHRNEB B
e B BUAAEEVIESAER, MREORERERNEARGEZR. V14
HEMEMRAKESNRY, B EEHARNREWE, TR B AR AH
AV, AZMHHERLE B RN AT LE W0 E (ZHI1 FED . KU
FRRR BB A R R A A B AT A LR B R R B A
FEHE—E M (Ruan et al., 2006) .

KBEEFLH CABEHNRRER A KB RFEN AR, Gt
ARKB CREE NG EEK, HRAFEEE. RAAENFRESIRT
EFEH A, AR KBLARENE LR, AAEELESRITRE, g
2 REB CEEMERF RN, ARNEEEERIK: NS 3RE, 4

7
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HHENIH LA SHEBATIREZE, FOBSEMHER (BHFRSE,
2001b; Lu et al., 2004) . BN W AVAN LA B SR KB AFHNBFEEERETE

1.2.2.3 LA/ 5008 YT M AR REHL

B UGB 75 43 T AR P B X AR A IR A 0 R AR I R R AR SE AR AL A
BATAKEEAEIHBNEXBENEER. CHIEY, HEMENTRRESS
St B A E F a8 £ . 0 B R R A E A IR EE SRR A
RSB R R REMAE RN EEFRF . FLAEFHRE 78 S8 B 3B H
W2 RS I BIE R . A TEMEF L0 ORI BRI EER G B
meF BRI (Karley et al,, 2002) . 1 B0k P& BB A SR FIVRBE L LA
B % E (Wilkinson et al., 2001; Wilkinson ef al., 2007) . 54t, BESFHERK
W AR IEE S RN SRR RS SO TN SR
M.

HAEFPMUBEAREEMFENEER. BERMACERYR, LTS
8 EFTRI X YRR AT R . WA & H EYR. fESRE
YR, BT ARG R SRt At R . B A 3t A B R X B IR R A
FIEEER, SBFRENILER Regiella. WEPARNILER Symbiotaphrina
kochii % (Dowd, 1991; Leonardo, 2004 ) .

123 BREAICEEN BRI EHH

1.2.3.1 XtEAEMFREAE R

Y 2R ETHEEN K DIRREDHSHEER M —AERZET. &
BT EBEYMEERR, S RSB EAFERNFEEERE ARG
KA XM, BB EAIE ST hILE R Wolbachia ¥5FI01E T B R A58
FMRFEAEFM (Hoffmann et al., 1990) , XAJEERFRZGH T RKENFEHR
FEETERMER. JBREMN 20CHEE 30°CRS, TEEEE Nezara viridulaFt 4 5
WD 90%, REFLEFNBROA S SBUE X BRFMNEE, BERERE T

8
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SBHEA ST (Prado et al., 2009) . A, R HE (Dean, 1974;
Oliver eral,, 2010) . XK T 58 A5 A =ik LIHE S KRN ML EH K,
EREFNT, FRMRNEREHBELE TR, TR s RURHL TR
HIEFFYIR, M4 Bt RG] T 4 S ®R AT /) (Montllor er al., 2002) .
BT AR REERNGE R, WEMAREROGFRENEEFURERNE
(Harmon et al., 2009) . €8 PCR MG R A, AL 40 CRAEEET, %
W4 B Hamiltonella defensa 5% T ¥, Portiera aleyrodidarum %— KRB K
{8358 3-5 KRBy B& T, HFEH AL ERR [0 5T K@ RFET%F % (Shan et al,
2014) . pboh, HFEEMBEF4K GroEL EE W RERA R % F E A £ Mgk
ERG T RZREMEOER . RAEFHAE BT ik KA e th 5B AN RS E
Ko B TRKEPHTEERBRARN, E£EFRERFETERIAFHEHK
REAMFRE, AW, ABIRBREBITREMEN, YTRARAEESR TR
(Brumin et al., 2011) .

1.2.32 3 BRFMHHEMAT

HAFNFEHHES. HENBESHEREGRIEW. ERA70%
MNEDIM ZFEREEHBRIERNAILER (W0 Wolbachia .
Arsenophonus®) (Duron e al., 2008; Hilgenboecker ef al., 2008) . XE63t4 #
B EEEENERREEE SEEEEN BN, — BT HRR R R K
GBI, — RIS R R AL G], @i 5 T M1 (AP 4 S Rk B
NREEVER (Werren et al., 2008; Engelstadter and Hurst, 2009) . ¥ 540 e JiR A< 3£ A1

(CD B Z 35 A4 B AR A AR B S 1 1 SRR L 1 [ o 2R 5 A TR M 75 A8 BT
JG, REWAREFERE, TR . KR4 E B R RS
Bt URRAR, BERHEFLHMMER EXREMMBBREERE, 4R
HREAFERENGENR . Fit, SREBREEEHEL, BREEHEOEYTRAER
M, AR RIETERE IR IR EANE A S REY RN FE.
BT RERECBIE R K, TR R A KEE SR, BAOF RN REIE, &

9
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SEIRFIM GRS, i ing FRAMERMEEER. MEIEEE (PD B
FLSHA LB BRE K. BT IUEERBRZBEDFRKHR, 18R
M1 Z AR PUE TP (Ferrari and Vavre, 2011) .

B A B R B AR TR B BUOR T H B T e A B . 7E 5
S HBEERANEL T, BIEHNTE Regiella insecticola WHGEF, HR#HETIL
B B A RS AR R A, A RRFREREP R, H
P EHE T BUA N B LB Regiella 1% (Leonardo and Mondor, 2006) . AHR3t,
TE Bk 4 Rt RAFE LA B SL T RIS B A B T BHA K BE B 70 B (Goodacre
etal.,2009) .

1.2.3.3 X B BB HKRE
UEHEENFEERREIMERAER, FAFEAENBRH— P EE
St R b RS EEMER . B B A S ERER S T AR,
Ptk R AR & . BUR B A EREBRM EHE (Losey efal ,1997) .
YARKKGBIHEFHBBRFSBEYR, FHRGCHIBTARE
(Tsuchida ef al., 2010) . 3.5 X KARJB A % 5 HamiltonellaBl¥) & KE M RITEA,
RERT DEABHELE (Oliver et al., 2010; Tsuchida er al., 2010) .

1.2.3.4 Xt B RN R R m

HEHRAFEE™4N GroEL EAMNRENRIPHY BHEEM S EENME
Fi. van den Heuvel % (1994) R# 845 & & 0 EZERE (virus overlay protein blot
assay) TRESIFAN A S R EEMNKE (potato leafroll virus, PLRV) &4
HF, GREIE S /NEAAEES PLRV 87K, HPBRESRUMR S F
EH 63KD WEH, HEXENFRYENILEE (Buchnera) &K GroEL &
H, X#HALAE (symbionin, SymL) . XMES S KBITHE Escherichia. coli
# GroEL BIREMFWENE, BTLUM E. coli B GroEL —#f, &4 FH:18 cpn60 K
PR R (Ohtaka et al., 1992: van den Heuvel et al., 1994) . GroEL HI{ERI R Sk
BESRPEYREEANRREBAR, EBEABREERS, SRV EIEER

10
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G RGIRT, HEFER B AN R AL IS GRS, 2004b; Whitfield er
al,2011) . RBGEFHEN T EBIN—M5HFE LM 63kD KRFHEEEA,
BT THHB opn60 Fik (RZHE%, 1999) o XHEF. FoKEF. M aEH
HERBE A MR KE R groEL BEE BISHH R GERRIESE, 2002; A%,
2003; ERA#%, 2004b) . FAFUAEREEMEIR, FTLLE B MAKE R
Buchnera groEL HIRIX R, SBHARABSRESHHE (PLRV) , FHEW
RBAXENTEMY (Hogenhout eral., 1998) . REEEY . —XFMEKEY
DNEEERBRARE, HRERBRENBFEMRK (Hogenhout et al., 1998) .
FEA & B S5 FF S Buchnera GroEL HLMFE MMM &, HAEFMBHET HTE
9%k 2 T B& 80 %LA_E (Morin et al., 1999) . FIEEREUA 3 M5 B A TYLCV-Is
(M EfEHE) 5 ADMV-Is (R BUE RS XFMRENRTEACP) 5
R AL N ILAE R GroEL MEAE, SRRVURFMBENRKTEANRS
GroEL A 2% (Morin et al., 2000) . ZHHEE (2008) FIEMWE (2010) 43
2 MK C B\ P9 52 R A5 BUSL 4R B Wolbachia If) GroEL #H, H#UxE T &K F5,
HITRBIEME N 1659bp, AT4mHD 552 BEM, At —SH A HIEER G 17 BAH.
BATENEZFRE KA N TR IRE = NBIILEE Wolbachia. Rickettsia
Arsenophonus ] GroEL #[& (REARHEHR) . MARHKEER BN THEHYR
EHAEK GroEL BREAAFIHEE S, RBHUREFKE, 7T HFRFIFHILER GroEL
HATHYTREEHAFRE (R, 2009; FERTES, 2010) .

1.3 VSRR 4 YR f 3 L& B

Wb 2 I8 A A8 ELAE F B AT DASESh st AL B B R BE AL R b, BB IERL ML
MR AFE 2 B SBUESHE (Schiuter, 2009) . FEHEY—THIM. HEY—
S A R — A P B B A H B BAE R AL, o — R A Y thaEiR)
B B SNERH AR IR . BEVAREBEEBINRARERERL K
B, KA BN A RK P HBEE R G BERARIS, KRS (2006) Xt
1K} B & F Bemisia tabaci (Gennadius) complex WL LB RA KR E T RH,
M AMZAFLERD R 2 X, —BNRAREBRNEEREKE A —

11
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. REWILERN N 3 X, — LR AILE R R EK TS KRB
R, TAEENEREEDYSHBEBRBENNSMAEEER.

1.3.1 4 AR

KHIEM T E3ERE (B 1.1, YA RRET £ R A/ MUK
B . LB R PROREREEEREBLER. —EEREFRRET
EFHMRLHETLAFEET BR-AEFHRG . VEHEFEERKERD,
KIS ATFRFHEERAFLEEEH . BE=MREAARE RFEN Buchnera
aphidicola 2R (Shigenoubu et al., 2000; Tamas et al., 2002; van Ham et al,
2003) , FEFREIBINE Candidatus Blochmannia FiEERFA (Gil et al., 2004,
Degnan et al., 2005), —F KR IBIL 4 B Wigglesworthia glossinidaia( Akman et al.,
2002) F1—FhM-9%E) Candidatus Baumannia cicadellinicola 3K (Wu et al,
2006) o XLeILA B 5 KGFF & Escherichia coli I EHBEKIKRRIE. B,
it £ K AT B 2 H e X 4 P 30 E B AR TR RO 50 B O 2R PR 8 A0 e
#7 5000 M EEHIBIL 5 LA, MAAEIERERAL 500 MERHEH 1k
EAENERA, NTIRE (Gomez-Valero et al., 2004) . ¥IAILEBEERAFS
WRANSRHERMRD. KBEFEE 200 TANBERREEFZRET, Mm@
Buchnera B RARE T A% 10 4~ (Moran ef al., 2005) . LA B4 E £ PR
# R B R AR LT, X 5IFEH y-Proteobacteria X E R M E R AT &
.

12
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Evolutionary history Features Examples

¥ - Bacterlome-associated |
[ _—C | obligate symbiont | Buchnera aphidicola

Ancient codiversification | 14/ i it
| | Wigglesworthia glossinidia
[——— of host and symbiont, | 99 g o

‘ | b i ! Blochmannia species
[ no symbiont exchange | gaumannia cicadellinicola
S — g ——— among lineages !
|

Ancient reproductive E

parasite | Wolbachia pipientis
Occasional horizontal | Spiroplasma species
transfer and recomb- | Rickettsia species

ination between hosts

1 Facultative symbiont
Occasional horizontal

| Hamiltonella defensa
transfer

| Regiella insecticola
Recent coalescence of | Serratia symbiotica

yac BT | symbiont lineages |
. { Recent symbiotic origin ’ Arsenophonus species
]
Time in millions of years «- Host lineage - Symbiont lineage

A 1.1 REBESFENHRH#AXE (Dale et al., 2006 )

Fig. 1.1 Co-evolution between endosymbiosis and their host

BRI KT RO, REBAARLTNHER, FIERERASRD
TIHIEEL N SREEEHHE RNERE Wigglesworthia ¥ Blochmannia
ERAPHRE (Akman et al., 2002; Gil et al., 2003) , FIRERHBHIRHEF F%
H89. FEER, Buchnera 2RI F &) E A RE R AR S AP
Z— (Shigenobu et al., 2000; van Ham et al., 2003; Zientz e al., 2004) . M H, ©
AFRROVAESEFHERARTE TEXEDHTR RN AT LR 2BE
H, BEARR B NIER/MOERYA (Gil et al., 2004; Zientz et al., 2004) . XLk
R ERABRARE 5 H b A S0 SR R R AR MRE . B, e
BEVNHEESRNERRE, BEBANFS, RAESMNEERARERFRFRERSEGH
E#. —BKRE, ENMERARFFIRAXELFIEBFETEHERHAR
B, BRI RS T ENNEE.

13
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1.3.2 WERER

M— B R AE S FRB A BEB S ERFI B R B ERTH L E
BA5FFBYT KRR, BRMLETEAES (B 1D . XERERANFIESH
el hEFEERA RS R T RN ERARAMN, XARRMERBILER S.
glossinidius FIERAFFIRME T BEABENFEE. HERALFE —FEBENR
SR ATE R R B ARKN (Toh er al, 2006) . 5% F ™% K% R &
Mycobacterium leprae #1EL (Cole et al., 2001) , B T —EAB MR E SHLAEHK
BEALHE AR (Moran and Plague, 2004) . —ERAILA, W Wolbachia-
Candidatus Hamiltonella defensa. Candidatus Arsenophonus arthropodicus, B+
RO FEFA (1-3.5MB)  (Moran, 2005; Wu et al., 2006; Dale ef al., 2006) .
5914k RIAR L, 33X e kA L4 B AT B2 T A R vk R 1) sk P 41, B0 Wolbachia
(Baldo et al., 2006) . f£ B R K B K Wolbachia FIFF 5| kI —LERF5,
AT g R o (R i 7 B ER 4 P B R 4L IR gt AT AR — &L (W et al., 2004) .
ME, REXEHELHIWESN FHERT#H (Moran, 2005; Bordenstein and
Wernergreen, 2004) .

133 DHMILAHE

IEIFAE R — B ABDEER —F, TRITALERHRREELFEN. R
KRR, REEF-BEHINARFERFENED. 2T NEEHFHIHN
WERLE, BRYVIEILEE (B Buchnera. Wigglesworthia. Blochmannia
# Baumannia) , HHERELEENEFEEFRNEET). Zientz F (2004) T
R FHAEBRFHHRBMOTRAFTROERNE R, MNEERAHENH—H. 3t
AHS5EELRRMRRZRBERRMESR, W Buchnera (RE T YL FEEMH
ARRE, BRRATHEERIELFEEMNIEE (Shigenobu er al., 2000) .
—ibgF i AP AL TEEREERANARRMNERE R DY 18, T
XHE TR RIE. XA TILAEE Wigglesworthia EEHF, BEBE K
BREGE, BEF - REREBERAMLFNREET. NMERERXRRBF
FHRBREARER, ENRRSFEsNL, XPaShanLRaEERE

14
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RRADUFHBERET. FTIRAEAFIA shapshooter I 4 Ft 4 B
Buchnera F Sulsia WZEREFFIER T XERAEHELIBERES, —D
(Buchnera) 8R.—%BKERAF, H—A (Sulsia) RV ERERYERER
(Wu et al, 2006) . EB—MHMNLERAFFIF, SHEEEFRFRNER S
10-14%. XERBEE5EFHUNERAARER (MEWFr Mycoplasma 8L
e A% Ricketisia spp. JELEERIOXT L, EHNENMETERIE R, FHILER
AREERERBEEBMCLH K (Dale and Moran, 2006) .

1.4 SEEREKRF
14.1 WEND I SICEREIESF
H BT REEE TR BV R 2K R (IR o0 7 4 B 7R /N9 — B843 (Giovannonil et al.,

1990; Ward et al., 1990a,b) . PCR MEM R EMR 7 FAEYER RSN KB
BANINRES E A 5 i B R AEY B P R B TR Z R (Muyzer e al., 1993;
Liu et al,, 1997) . Bitn, $FhiENE 6 FrItAMEE, He s HRETERAF
FIRFOCR A F MR RRT, T HEHIAARAR LUEFHRE . FRER G 2 Fht
HEHEASREHEIFH RSB LR (Darby er al,, 2005) . FEbit, 10%H B Sk
NEFHERANEEREY, BRI AL, REMLEFEEBEINEFR:
Sodalis glossinidius (Welburn et al., 1987) . Wolbachia pipientis (O’Neill et al.,
1997) . Candidatus Arsenophonus triatominarum (Hypsa and Dale, 1997) .
Candidatus Consessoris aphidicola 0 Candidatus Adiaceo ~(Darby et al., 2005 .
H B RE S glossinidius 868575 T B REAM I 214+ T 85 3% ( Dale and Maudlin, 1999;
Matthew er al., 2005) . ESF7ER|FH B 4L RS Wolbachia. Arsenophnus %3t
H R EMBIMEFEBIRB AT (Dale er al., 2006; Furukawa et al., 2008) . A4, 3k
RS (2009) iZRIPRBAIEFRM G E, MR CESB R BRIFHRILER (R
RIRLEER Yarrowia lipolytica VW S B HAEE & Sterigmatomyces halophilus) » iE
HIE CEA KB B I BRI E N TR E F IS . FRT tHIGIE 748 LA
KR TE RN R P 2 25 B B O 0 .

15



WL K18 #4708 B8 XEER

1.4.2 FCERREERNER

HERTMEE B HERNAERHES LB, HRUTRTEERALER
FERAFEFRMEK. TRERNAMECINHERMERFR. BdREAH
(Renesto et al., 2003) F14Z&% (Rappe ef al., 2002; Leadbetter, 2003 ) $#E3KE
BAFEREAEKEMNERE, RBUET S glossinidius FAEKFZMS, RYIER LM
A ERKERE TEK, FRERGEREL, REERAEFE LEF
(Matthew et al., 2005) o X{—S63tAEERUL, ——EABEF AL 77 AR 2 R o
VAR ABEOERAKIERY, XBMEKRET KE DNA, ANEZRERA
B AKX 18 (Shigenobu ef al., 2000; Akman et al., 2002; Gil et al., 2003) . AN[EHI3E
HH, BRRHERAR, BR, FramERAEIEIES T HERRDOIERER
BAAKTHEILE . BBAERNA AR EEMHRRBMAHER. WRXH
EHEHHARBIN, BATLUBTHEYEFERS KR WREER T 40ME:
EREE (W0 Buchnera) , WRMSIHEFFNEIEHEEAE (Pontes er al., 2009) .

1.5 M ERERAAIERE

151 BARHKEE

HE K L0 CE E E A B Nilaparvata lugens Stal. HH K&
Sogatella furcifera Horvath#1JK K E\Laodelphax striatellus Fallén. 20t427054%
B, B CESUNRKREER LMREER. BEEBHERENSE, IEKFEHK
EURWERGRENGEOMER, BCRAREDRZET K, RRPEEM,
BEEREME, CRAREKB LM EEERGEBES, 2003; BXEE, 2008).
FIn2005FE N HL A FEX B KA K E2600 A 8K, KRR ETRIA1000/H; &
ZHEE REEIE10075%, BNRBSEIEE10005kE L, GRS EHIKI20
7t (RESICAEEE, 2006) . 20062009 ELE KRR, FERFKRTHMBE.
B AR EER R TEBHR, ERKEEKEE. S8EEER. B
BASE, R HBKTERER, K AL BRBYEM (Rice black-streaked dwarf
disease) FZLUH 457 (Rice stripe disease) « HYE CEENE H BRESHR

(Southern rice black-streaked dwarf disease ) « #5 & Bl f& it 14 M- %48 (Rice ragged
16
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stunt disease) MEIRERILIA (Rice grassy stunt) FHREFH, 5/RETENGE (%
KRR, 2011; BHEF%, 201D . =M CARERANBRRER, KN
FRBEKBESBRAEENREIEE FBRL%E, 2008) .

152 BEEAAARIER

1.5.2.1 KB4 H

BRAGAREBE AR (yeast-like symbiotes, YLS) BT FEE (]
(Ascomycotina) B4 (Pyrenomycetes) Candida J&, FIESLL AN, *F
RAERFUNSHERERERA TR, HERER ALY RAH. HE
B FEMMELE BHELS (Wetzel et al., 1992; {#38%, 2001; Ferrater et al., 2013)
R BAEIF (Sasakiet al.,1996; Hongoh & Ishikawa, 1997) & HHEEEEEA, U
AN BEROATE, WTHHRES CARERERNERE: HB% YLS £
BEEEAE CAX R BRAESNEY R IRIAE R TR BT R BT GRAE
%, 2000) . 5 AT ERAE BT 44 i Z LA AR A B TR WAL
RMALEREKEBERE. BEZEMPARE, BALEREREDE BB AT
FERIE J5 K B BT % 3R R A R G B8 T 406 P A AR i3/ F (Lee & Hou, 1987).
BiR. FUER. KSR, R BRFIFRERNETE CRERBILARNEKYH
BRKEMEIVER (Cheneral, 1981; RAEF, 2000; Lu et al, 2004;: FRiEFE,
2006a; FREUI%, 2009; A%, 2012; Ferratereral, 2013) .

B RS (2001) R, B CAEDR | & RFtA B EE IR b HE R R
BYASERBER: SEERMAM TNI b, WEHHRMAF IR26. Mudgo
1 ASD7 FIB KAADR | AAEBHBEY B/ RNYIEEH T8 CES At
AR BEER CASHKBREEZRAPHER (Luetal,2004) . BREEZL
PAAh, ESKBEEMTES, HERNRIMSRERL. SREREMTK
& TNI {048 CEVEEL, BUBHitE KRS M IR26 (S HitEERE Bphl) F1IR36 (&
HHEER bph2) HB CEBHEFENKE S HIBE 23.2%~244%
18.0%~32.7%, %5 43 B FF1K 24.4%~28.8%F1 8.6%~30.6% (BRIZFES, 2006b) .

17
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IMEESE (2009) S HIXTERRKAE AT TN1 CURGURF) « Mudgo (FHidE
Bphl) . ASD7 (EHiEE bph2) FESFEFT 117 RULER 3 ME A
FEMBE (FHFN TN #8. Mudgo FEf. ASD7 #8H) ANRBRILER
MESMEBERT T B, FREABB CEAMHLEEIILERFNRKNEEZRE
%, H ASD7 F#>TNI1 M#f>Mudgo MEL KR LHE E R . FhE KB
AEBENERFREEINTR, TAMBEME CEMRSHELHEER,
BRI TNT ##H>ASDT Fi>Mudgo MEFHES, H TNI HHE5EMNEZ
RBE FHRERNLEEER.

BYASHAREESF YLS. = AR AN ERILEE
FHE, KECEMAE CAK YLS A, K4 113um: B A YLS AKKE
FFFIR, K29 15um (Nasu and Suenaga, 1958; Cheng and Hou, 1996) . iBif 18S
rDNA fF5I%t 3 M K EVEAREBRERBXRAR T, RKIVH RS AILE
HH R SHAE MR, 7 ES5BHE CAMK CEES RMRERMRILN
BAEIE® (Noda eral,, 1995) o XJ 3 M KEUEK Y YLS % & i 5 K 45 OB
ARY: HEA. OF CEMK CASR YLS WP a8 4. 4505, #
MR EFH KN HIR17.3, 17.6 F120.1 Mbp (Noda et al., 1995) . ET 3 #¥g
KEEM YLS 1 18S rDNA [FHILLX R4, 48 KA YLS M1E# K& YLS 11—
R 5K KE YLS M, & T ITS-5.8 S1DNA F5itLat, 2K K& YLS Al

AE KA YLS H—EM L RS\ KA YLS WES (A84E%, 2012) .
FRiEZES (2006) IRiE, /KA YLS ARE. FRMIEAE, MK,

735 &5 30.7%- 53.5%F0 15.1%; K CEMEAE CE YLS LU A E BAMERDN,
739 &5 93.4%F 94.7%. IKEEEESE (2009) MIB K AR 4 B 3E IR BBk YLS (f#
RRIR £ BEE} Yarrowia lipolytica. WEE:NEHIBEES Sterigmatomyces halophilus) . A
fB%% (2010) FEHEKEFA 5% 3L 18S IDNA. 5.8S-ITS 1DNA &K FFi 1T
¥, BE—%5FELAN 2340 bp K755 Noda ZFTHRIE IR BEREE ) 18S
IDNA FRIERBK (AHEHERE 89.6%) , MS5EMRERBEE Pichia
guilliermondii A 99.8%MIFEIVEME . JRAIA3X (ISH) FIHE K PCR ¥EBZHE F &

FRCEAENEME N, EHERD.
18
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1.5.2.2 JEAEMH
Wolbachia

Wolbachia F#1E T8 LM A H1E (mycetome) KNP, LAZHRIEIH T A%
ZJ58. Wolbachia RAFB CATHARE H—LHEH. HEES (2002)
A PCR MBI AFEBXBHP =M A (KA. HYEAMAE A
I8 Wolbachia 4% . XEAI RZF199OH R T 3 E 6 N IX K X B Wolbachia
BRE, L. kR, LEMZEEK CEAK Wolbachia BEFEIEIE 100%;
M) 59.6%; TITEAO0, HEMXK KEEMZACERIEH T Wolbachia 5
REMAREAEN (CD ARMFE. REFE 7 MEX 9 MEEAMEE LA
MR RRREERRK, MROBRIILFIIAN 100%, TR REEN
22.2%~95.0%A% (FKITESE, 2012) . Xt Wolbachia i) wsp REF5HIELE
Rk ¥R, 18 CALMEBFEE Wolbachia ¥14 B B, FT#H—F A On
M Con WAERf. Hh 18 ME CEAMBEHHK) Wolbachia BT On LLHE, TR
T AT £ 38 CEFEE I Wolbachia WET Con TR, Wit EFES
FRABIERE 2 AT Wolbachia BE JEEF, 2013) .

Arsenophonus

Arsenophonus R y- % % B 4 ( Gammaproteobacteria ) [ i #F & F}
(Enterobacteriaceae) f)—HMREEEFARXMME. EHEES (20100 EHR KR
R T Arsenophonus, FHIELEAREYRB AP ZEESEASR, &
TN1 KFB EAZFREIE CAR B G K Arsenophonus BB EE S E % T Mudgo
FhEERD ASD7 FhEE, MR SBEMEX. B CAMN Arsenophonus FK3k
Y E BB PRKEARR 16S tDNA F51, 433179 1504bp #1 547bp, HA/5#
NRIEFRBRKT 95Tbp, HAFFIME. B CE 22 MUEME, RIWHRG
Arsenophonus, {BAFHEFEE CEMLAK) Arsenophonus ATR BEEBRFIIR
ARF, £ 177 AEERBRETRE 12 MREER (BEETFH, 2013) .

Arsenophonus BT BB REFERRF RS, TRABH/VERLERNR A
19
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(Trowbridge et al., 2006; Perotti et al. 2007) . F4t, FHIRIEINA Arsenophonus
W LA (Dale et al., 2006) , KA FFLAEBEKBA.

Cardinium
Cardinium|& TH##F#17 (Bacteroidetes) H—NMISL4r X (Zchori-Fein er al.,

2001) . Cardiniumf)% £ 55 ¥ Bl Lt Wolbachia 2 £ 1% (Jeyaprakash and Hoy,
2000; Weeks et al., 2003) , BB AH EEEH EETEEES (Weeks et al,, 2001;
Zchori-Fein et al., 2001; Harris ef al., 2010; Zhu et al., 2012) . Cardinium?E =F%5
KEBHAE IS, ERAR CAMMEBRREERB R AT CABRERS,
BRICHHEA80.0% (J FUIEFRE) , M CEMK CAEL BN ERE, &
PeRS%AEA (XIEH, 2011) . MHA, AF CAF Cardinium]” 5 Wolbachia
WEBRG KFEF, 2012) .

Serratia

SerratiafE ZFIE X EMEFIE BS, BAT CAMK CABERER (4
505982.7%H188.3%) , T CEERRERK (50.7%) . FF CEMARMEZ
EBFEEER, WEB KEZEEE (83.3%) I KT (7133%) BAMER
EmTHEME (30.0%~36.7%) ; AK CAMK CASHEZAHLEZER
(X EH, 2011)

Arthrobacter

Arthrobacter £ 3 M KA N L TREHRFKTF, H 3 HHE CAFARE
MBOMBREERERAK XEH, 201D  HPTFEE CEMBBRRRIYE
90.0% U k. EE KA PBEERMAFBEEE 86.7%. K CEIZEHMN FHK
BeFH 90.8%.

Acinetobacter

20
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Acinetobacter FIFEE = RS KEPATH ., AT KANREERS (F
80.7%) ; T KEMK CEVRGREUR (MNRIFHEERRAN, tnHTIL = PP RE R S
1L 90.0%) , FIRGRrH A 38.7%H 30% (X|EH, 2011) .

Chryseobaterium

Chryseobaterium £ 3 #ig CAFPIA KE, B MEBERHLTREKTF.
B KEVZE KRR TN 83.3%; BE CAZEREE TN 90.7%; K KE
ZRMBRLARER, FHEET 96.6% (XL, 2011) .

1.6 ME5RE

HARZE. REFESFEZMPRBMARE. N REALEENITAR
BRI, 272 BkBuchneralg , 54— X 4 34 B (pea aphid secondary smbiont,
PASS) &HEAB MR AN BIARML I F Buchnera B B B2 8], TR — 1 HTH3E
HRG, HRGRNEFMER (Kogaetal, 2003) . 3 HHPASSHIHENE
Buchnera X EIMHIES, SFRMEKMEBEALZET W, HERNFEENEK
KEWAEEEERW., T B Aphidius ervite IR 354 BB S 8F Acyrthosiphon
pisumE R E B RHH N B ERFRA BT RAARBRERK, REFEDLT
F% Y 50% (Pennacchio, 1999) . LAEREXNF X MR NS EHBH oA T
MBE NI RIIR R BRI AR . SHIEERIRATFEE 1R )
B¢, FFEAFIA.

Ao BIAMAERER BN F TEMOERLIEFHIT6E, N TEERER
B AN F) & EEPIE R DL MBS A e SER BB B I R AR
ANEEREWMIEE S BT IH I BRIEHE B, AR IR TS xS
REBE (BRFIESE, 20060 . EEAFLEFHFEAMBRETRFER, N
TiRHLE B Bt B E YR E ERES, 2010) .

REVAESEHSEERUN -3, RENFEENZHERUERERER
GRENA -8, X THARRPRGFILZEMZHEN, BAREHIERE

(Sandstrom, 2001) . PFILAEHR TREANTES, BURMAEB AR, N

R FEWFRARTENRARTF RO KRB, £/ LERXTRHR
21
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EHERK AR TRKEE. SEANOBEWTRTEAL, 2 FEWED
ARUIPCRAER, BAREMFENRFN. RASTEWFEFR, WUER#TR
BB SRR THATHIR, ZRAKMEL TR TIE, Rl RMENF
BRBIKRE, ATEAINREERARFF .

1.7 SRR

% K E\Nilaparvata lugens SAIBE CHER, REEBXAER™ENIKE
FHZ—. ERRMESR. REREBRK, #5£2005-2007FERE R H
XA ARK . 2005FHVLEREXE CRK 2600758 IR, FRKETIE1000
Fie, AKBEMETRN86%, HERBHAERLI05R, BNEHEY
E2110005 REA L, EREREKRE~EHR K207 (FBXEEF, 2008) . 2006~
2004 L KRR, FEBRTOBE CRUIEBERWFARKE RS 0 R
BWED o Bk, HRECERERNESHAEREENE . A RITHIE CRRR AN
EECRNKBREEFNAFZE.

Flb A FF AR AB CERZENEFHER. HE201H L2705/ E IR
KIS B — MR CAMFIR2 (SR BEREBphl) LK, HTHNA
BWEAMBEBELNER, THERAFIE TREZEE TS RANAR (K
MBS, 1992; ARAMERZE, 2003) . B CAMBEDKBRESHPETS,
ZRHUMEGH B BT AMERAN AT, Bt RO A EY
ZRYEMMABE RG], REABNOBEHREAFEER L.

ERYR MR ILERES, BREREREHRT EVMERXR (Feldhaar
and Gross, 2009; R4 E%, 2009a) . HARER —LEHFFRIABRYIRZMNE
FRS, URHERYNAR MERALEFREEZAEFH (Moran,
2006; Hosokawa ef al.,2009) . Mt4b, HABHERRNEMNESE. FFER
MESRANNTFEEWOABRISETEEEEEEER (Oliver e al,
2005; Lyte et al., 2009; R4 E%, 2009b) . FEBE T ¥ Acyrthosiphon pisum%t i
HFEEMRERIES, HARREERNSEEEHREYRESRETL
BRE, FHGFRBRIRYEFTEDE (Campbell, 1990) . Simon% (2003)
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TERT FCHUE AN [5) 27 A4 0 B0 S 07 SR % AL AR SEE T 5 B3 G 8 1)
HFEEN S A FEF KB, LeonardofMuiru (2003) RI, SA GRS
HAbSAE AT TR, BPRUASE MBI G TR e E & L,
HEALERE LMEREME. DILAR (EBYE) 35 A—KBAXR,
R T YLSTER LA R MR ERZTRLREMEM. SREH, YLK
BTN 51 AR EH T EFIEME (BHESE, 2001; LuZXeral, 2004) .
SHEEHB CABAXBBEERSE LEEHENER (REES, 2006) .
B — 3t H18S (DNA K BF FUBHAT 404, SR B3 M RBE R BERIIEFR D
(GREREESE, 2006) . B CEUAARKBEGENS, EHFEFSMNNEHE, W
WolbachiaF Arsenophonus® (EE#E%, 2010) . Tang % (2010) BV T=4
BEMFEHR A NI AR 16S IDNASEE, FFMI8ANOUTH K 5E 484
M1 (Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes) FIAEFPK.
SR FEAEBHTERR CEGER A AU SR E R LEIE A — S BT 7. 545t
A EE T R B NEEERE, B8 RGN TS . FREHE LS R
(Haine, 2008; Feldhaar and Gross, 2009) . {82, #43EMEEREEAHE
Sb, FERBIE) RN A — ERR R AEHE.

% F i, ASCEEIHE RN EMEEHS AR KB, B
EEEBNUNMANE RB CEARSURRNEDY . EBFMEHEZNES
R, AUBIEMREEE CAMBRRELBERZRFTRIERN UL ET
FAFHMAE SRR B CASEAREFRRRETSIKE, RAEEENHERM
MEE L.
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F-F KEB CE-KEAEANHE K DGGE @@

¥ K E\Nilaparvata lugens SBIBT VR E, RREBRX vERTENESL,
RESE R, BREREERA. ALt HFERZA, 8 AL AS EMKTE
EFEEYRAREE R, BERESERL, &SR KEASREURK
ENERGIAEEGH, B CEARAKBLEERTENERZ —(BBFES,
2003; FEXKF, 2008) . EFK, W KAESEAE LS KBEELRIRE
K4 (Savary et al., 2012) . 20054F, B K AERER KB L, BR T KERKE
BB KM ERHA (FBRE%, 2008) , NHTIABIRE T120/5M (6%
MEEE, 2006) . WXAEKIH THBXIEBL, HABESEEEZTM
hE B ERBRERE A RX ST R, 6. THRABTIAREAKBESX (R
EHsE, 1997; BLRF, 2011) , {HIEFHFNE RN RER R IE e mt
oM, HAIE RIS CBIRFE, 2011) . HASFEFIFHRFES
KERZEMEF L. B0 270FREFFKER AR HE DR
AUKFERAMIR26LIKR, HTH CABENZR, FEHRAMRE TEREZENME
FTEERMIMER (Luet al., 2004; RLLELE, 2008; PBri&%, 2009; Horgan, 2009) .
BEAMHBERRR, RATHRENNB CEANEHEERE (FH%,
1999; Ef#¥%%%, 2001) . FHit, HIRBCARSHZRVIRBAFHEZRIE,
1R AR R 42 SRS R A EE & .

YR IS, BREREANILERE (endosymbiont) R T )
FIFtAE KR FR (Moran, 2006) . BHIAERME TAEEMESR, mILEFHNN
B EFIRERAMPRIMEFRRS, URHIEATR (ZEB%, 20052;
B E%, 2009a; Feldhaar and Gross, 2009; Hosokawa et al., 2009) . FRAILAZE
AR CEERE) B CRKBANR, REMAT AALRIHER CAXH
BRMHEENERLENER. FRRY, B ABHARERSENRESE
ABEHZUERETLHE (BPESE, 2001; PRE%, 2009) . Hi—H3tH
18S IDNAF BUF BT AT, SR BFIMARBREHRNZERR/D GriRg%,

2006) . MARKRYA, HAAHERENEYHESE. FETRERNTSEHMN
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X EEYNFI RGNS EAFEEZER (Oliver ef al, 2005; Lyte ef al,
2009) . WNBE ¥ Acyrthosiphon pisum3t Fi T EEWHLERLIEH, FLAEF B L
HEWHEME, FHFRRIRIELEFEYR (Campell, 1990) . Simon%F (2003)
FER FORCB A ) o EAE I B0 2 7 AR 1 LR, DA RIR A S A AT 5 9 G Y
FEEN S UEEMXE. Tang % (2010) BT =ABEMHFEHE KAV
P AR 1916S IDNASCEE, 7 MI18ANOUTH % E 43 B4 (Proteobacteria,
Firmicutes, Actinobacteria, and Bacteroidetes) HIFEFIS. (EMBER CARE
HRFARIERERDOEIRE. A XU EELABIK (Denatured gradient
gel electrophoresis, DGGE) K70l CEVANABEEESH, LUBAA
ERESSZURRER CABEEERPIER, AN NEEIREE CEK
BB G AR KRN & BRI R IR KA .

2.1 MRS

2.1.1 #8

2.1.1.1 KBEHF : BBUKRRFF TNL RS F ASD7 (5 bph2 Z[F) F1 Mudgo
(& Bphl #EFD HHERKBATARE) . rFEREFE, BTNy

REBTREAEN, 20 1 OEPRREBRTERZN 9om MRS, EHIEKE

B, 45-60 RET#HKAEERELEFR SR A .

2.1.1.2 KA. FRABFERCE: 5HERRBFHTNIANFRHHASD? (&
bph2#HE) . Mudgo (&BPHIEE) FHE& 140 UL LM TNIFEE. ASD7
FhBEFIMudgo®h ¥, BihE/KTEATIRGL. FARAHMEMNBB CR: 23X EE.
FRE. FE. JA. B, 8. WL, -70CRKRE.

2.1.1.3 TERB/N& Anagrus nilaparvatae: FH18 CEIAKKBEHMNBEBES
EAT A REIBEA TR ERELEFR. BB CABEANESEKEEP 24
MY, REMBREZIE CRAFEKBEBEWLE RABKIEH. #%5% 48h
Ja, HHIIKFBERE 2621°C. ABXRE 70-90%. L12:D12 AT UREH,
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BAFIKEE A ERGEENRZEER (7 60cm, HA 9em) £,
TRE T —E42N lem {9/ Q& £ M B REHEIEE (EAE lom. K 6cm) .
BES/MEPANEERERTIEE, o MERHEENL B EEFNBAEN
BN BEHHEE CASKKEENERNEE, BRE/NMERRIHIEA.

2.1.1.4 BEKXEW Cytorhinus lividipennis: 3K B+ E/KBEHARREH,
FI& CAIRH 45 Hil¢ TN KRBT A RBBEZE AR, 4§ 3~5 REH
EWCAIRKTEE. BHERNRREEHR R,

2.1.1.5 3|%¥: TS5 RlA341f + GC (5°-CGCCCG CCG CGCCCC GCG
CCC GGC CCG CCG CCC CCGCCC CCT ACG GGA GGC A GC A G-3°) F517+
(5’-ATTACC GCGGCT GCT GG-3") , HIHEETHEMEAFTRAFAEH.

2.1.2 Hik

2.1.2.1 ZFH4E DNA RIHRE

KAB-EOER. 2 RE10k &8 EB KRB 2mLABE.LEH,
ASO0pLHIIREXZE s (2% (W/V) CTAB, 1 mmol/L NaCl, 50 mmol/L EDTA and
50 mmol/L Tris-Cl, pH8.0) )%, MMALKE N4 mgmLEHES, 37°C/K1h.
RIE IR E A2 mg/mLE R QKA %H+ 5 BB NE W, 1B, 55C
JK¥#2h, Z a2 BBFuhrman®s (1988) 5 45#1T, BfaH25ul 65°C FiHifidd H,0
WM DNA, %H.

2.1.2.2 16S rDNA V3 Xi£H) PCR 31§

LIIREVHI B DNA MR, XHA16S (DNA EEVITAX&EFH M3 2xt
341+ GCHIS17 rA L TH51 4, ¥ =K 29200 bp, F-TDGGE 4+47.
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PCRY 1A Z K: 7E0.2mLIIPCREFIIAN (B RBRE F50pL) : 10xPCR
buffer (FMg**) 2.5 uL, 2.5 mmol/L dNTPs 2.0 uL, L TF# 314 (10 pmol/L) %
0.5uL, Taql¥ (5U/uL) 0.5 uL, DNA #i4%2 pL, dd H,O%MEZES0 pl.

PCRR Ri %A% : K FABE7E PCR, 94 C FZEHES min; #T10MEFF494°C 1min,
65~55C 1min, 72°C45s, HHEGMEHEEHEE TR C: 514 MEA R
94°C 1min, 55°C 1min, 72°C 45s; BJ572°CiEfH8min. PCRI=¥IFA 1% I3 A8
R NE, F4CREEH.

2.1.2.3 ZRHBERBHREK (DGGE)

K HiBio-rad A ®DGGE 7t RAE#ATIAK . 8%RAMBEIL (375: 1) ,
THFRES 2B T P B2 HHE 40%~60%. 7E60°C. 80V T HL ¥k 10h,
FEBRE& 5. FHBio-Rad4 #7#k 4 Quantity one X B #1754 .

22 EREMT

2.2.1 RABHR CAG AR
BYEENAEERN 16 S (DNA V3 AT X ] PCR-DGGE 8" i 1. &

2.1. TR I8 K RE I 4IB A9 16 S rDNA V3 H B s sk A8 B AR E 197
E—EWMER. FRBYPE CEEMRITE 1~3 FBRMEH, BB AR
IR BF

%t DGGE E# T &t S RmE 2.2 FoR, 1 8~5 8E RiENAE
MEBEWERAKRERERH BT, TPLEHRIRS 1 BIE R R
BAB S EBSMUE.
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12 3 4 5 6 7 8 9 10 11 12 13 14 15

B2.1 AR CES AR RN DGGER#
Fig. 2.1 DGGE profile of 16S rDNA gene fragments of bacteria in different
instars BPH.

(Note: lane 1 is the first instar BPH, lane 2 is the second instar BPH, lane 3 is the
third instar BPH, lanes 4 and 5 are the 4™ instar BPH, lanes 6 and 7 are the 5™ instar
BPH, lanes 8 and 9 are brachypterous female BPH, lanes 10 and 11 are brachypterous
male BPH, lanes 12 and 13 are macropterous female BPH, and lanes 14 lane and15

are macropterous female BPH.)
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PC2(14%)

0.5

9 : :
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T .
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+ . 1
-0.1 _14i*_12*1... .............................................. -
* #13. :
15.. :
02 i i i i i 1 ]
0.3 0.2 -0.1 0 0.1 0.2 0.3 0.4 05
PC1(56%)

F2.2 RRBPER CRERHAENDGGES ISR

Fig. 2.2 PCA of DGGE profiles of Fig. 2.1. Only the first principal component (PCI)

and the second principal component (PC2) were shown. The plots (*) indicate the

bacterial community structure of the samples. The numbers indicate the instars which

were the same with Fig. 2.1.

2.2.2 RRHEFHER R PSR RS

R ME23FR, FHEHERLNEY, RUFFMBRNIE CRMRR
HRSEEEENAERE. SMRERNZTEAR, KU FBIEFEE
KEABANRAFHER—#. BEFEHRBHEFR CAAMCE -BIRFFE,
WX AR E R NR CAFELA MEERE. LLUPGMAR ## A DGGER
WHITRENM, SRIE24. IR CAURE 4N E KDGGEH
WEHREMTERTHN3E, FREan—4, REEE. NI EAN
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—#H, M. . BB —H.

1 2 3 4 5 6 7 8 9

B2.3 ANFEHEFRR R E K DGGE B #
Fig. 2.3 DGGE profile of 16S rDNA gene fragments of bacteria in different

geographic populations of BPH.
(Note: lanes 1 to 9 are the female adult BPH collected from Philippines, Thailand,
Vietnam, Hainan, Guangxi, Yunnan, Hunan, Jiangxi and Zhejiang province of China,

respectively)
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0.18 0.40 0.60 0.80 1.00

Philippines

Thailand

Hainan province, China

‘Yunnan province, China

Zhejiang province, China

Vietnam

Jiangxi province, China

Hunen peovince, China
Bl2.4 FARHBEFHFR CEGAHEHDGGESHTER

Fig. 2.4 The cluster analysis of DGGE profiles of 16S rDNA gene fragments of

bacteria in different geographic populations of BPH

223 FRANEHEHR CASRAREREMHNZR

2. 5K E2. 65T, AR AFMTNIFBENAREHE S E 50T
Fih SR HASDTR B MMudgo AR F, MAFMHAXDHEELLF. ERE
A B4 2 KRS S R A ASD 7R BE I MudgoFh B 2 B 2 R R BB X 4 FF
X
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HLKF AR X BE KRB CE- RGN AR # DGGE f#th

E2.5 A RISBEEFFR CEE AL ENDGGER
Fig. 2.5 DGGE profile of 16S rDNA gene fragments of bacteria in BPH

populations with different virulence
(Note: lanes 1 to 3 are the 5™ instar nymph of BPH TN1 population, ASD7 population and Mudgo

population. Lanes 4 to 6 are brachypterous female BPH of TN1 population, ASD7 population and

Mudgo population.)
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RN e LA BE KR CE-REUE N AR DGGE f#tT

—

0.25 0.40 0.60 0.80 1.00

—— Female adult of TN1 population

5th instar nymph of TN1 population

(——————— Female adult of Mudgo population

5th instar mymph of ASD7 population

r—— Female adult of ASD7population

—— Sthinstar nymph of Mudgo population
A 2.6 FRBEMFIHE CAL ALK DGGE 414 R
Fig. 2.6 The cluster analysis of DGGE profiles of 16S rDNA gene fragments of

bacteria in BPH populations with different virulence

2.24 KBRCR-REEASREREHWT LR

M DGGE Ry B (B 2.7) k&, B R SKBEEK. REUERR/ME
MBREGEEZ ARSI HREMAXT, PHROMAERE, EEZHRTFRH
%K, RHRRHFHENF LT —H. AEEIMMTER (B 28) XF, DGGE
ALK B CARKREB N AE N EBSUX SR, BNEES
BX 5 A EALE MR RARR IR,

2.3 Wig

HEHEYBEE X Z MR T EREXR MERETH SE L
(REAM—EN, REARERRESHEESTEHASBEZRRARENAL—
i, R RER RS R AN B EEM, R IRIFHIESE (Sandstrom ef al.,
2001) .
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WL K18 4 47183 BE KRR CA-REUE N HE K DGGE Mt

2.7 KRR CA-RBMkALIE K DGGE Bl¥

Fig. 2.7 DGGE profile of 16S rDNA gene fragments of bacteria in different rice

varieties, BPH populations with different virulence and natural enemies

(Note: lanes 1 to 3 are rice plants of TN1, ASD7 and Mudgo, respectively. 4-7 are the 3" instar,
4 instar nymph, brachypterous female and male adult of BPH, 8-9 are female and male adult of
parastoid Anagrus nilaparvatae and 9-11 are female and male adult of predator Cyrthorinus

lividipennis, respectively.)

FRICEFEHTRUALESR, S ERUBEFARBR (Moran, 20060 . 3
RO FEYERR G ENBEARFROAWRRMNA, £R/ETEFERXTRR
HRLEBENRAAA TRKER. SHEENBETR T EMEL, 2 TFERFLR
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HHLKF 2408 B& KB CA-RMEAAE R DGGE T

AREL PCR JEal, ARPUEFEHNE S, WARERTHERORERES, X
BA KB T RB T

009 020 040 0560 080 100

[ Male adult of Cyrtorhinus lividipennis

Female adult of Cyrtorhinus Iividipennis

3th instar nymph of BPH

5th instar nymph of BPH

Male adult of BPH

Female aduft of BPH

Male adult of Anagrus niaparvatae

Female adult of Anagrus nilaparvatae

e
Mudgo rce plant
2.8 KBR CE-RBAEAABE DGGE &R

Fig. 2.8 Cluster analysis of DGGE profiles of 16S rDNA gene fragments of bacteria

in different rice varieties, BPH populations with different virulence and natural

enemies

FEESF (2010) HE T ME CEE R EE HILEE Arsennophonus, H TN1 7
BB CAB N ZE NS ER T ASD7 # Mudgo ###E X El. Tang % (2010) &
ST EABE SRS CAANILEMER 16S (DNA XX, 3FM 18 4~ OUT
K EH4E 4 M (Proteobacteria, Firmicutes, Actinobacteria ¥ Bacteroidetes)

IR R . THEERKENR (DGGE) H# Muyzer & (1993) SIAWMAS
MFARE, KRB HIERETHRERENES. ALBNVHEBENESS
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LK F L2008 X BIE K- CE-R S A DGGE ##th

Mo AT, X —HOR BEBCAT H R R K 2 B4 B 0 R AT 58 3% 4 X B 03 AR B T
(Sekiguchi et al., 2002; {2 8%, 2009) . BATHAX—F ik T IEE M
FERBRLENEIE N Wolbachia MZ R, & RRWZHIEAA ZH R B ki
Wolbachia (X#FE, 2011) .

AXERRY, | B~5 BERBAMENEREUERAEKRERERY
BRI, MAKEHRRYE | BERZ ARRSHEBEHEME. RHE
R RE R PSR R IR S 5 SRz MNEREREET
BRI, TUREE dUrT e B 99 1% 40 B TG 5 R 2 44 P 40 8 1) B8 B 485 MO 35 M
il TOAEER RS C AN 4IE K DGGE & RRH, 9 MIRFEHE CEUR
EHAANAEN DGGE M RESIE R4 A 3 4, FrEB—4, £
Eigr. zHMACHEEA—H, M. 7. MEMIEMEA—4, X518
TEMT KRR (BRERE, 1997; Otuka ef al., 2008) HRIEHMLL, KIIHEEFD
REWREKESR CARERRE BRFE, 2011) . REZEREFHFE—F
5#% KRN RGK §1E BHTRIE, (B35 CEE A MERE N 5 AR R EE
KIRRIRE T —F k. X ARRES 168 tDNA V3 X #9 PCR-DGGE #5420 /& it
AR TR RAE R BT TR BN TRARE, HEERE 5 CRE.
B R AP TN P A AR BE SN B 5N R GMH ASDT Fhf
A Mudgo A F, B PCR-DGGE &L K BeH X 43 L& A R /KR fp
MR, ERER—BRUKMFRITHA.

A5k MKFE-B CE-REEHHAMER DGGE WRMERKE, Bl
KEE&FF NI, Hitk A ASD7 #1 Mudgo ARARMEREHWZ RILEENE
7. WCASKEEE. KRBRIEBZRE R ERNAENE, BELZH
RAEMFE, RERMAHENTEELT . NEBEH L, &d DGGE
77T LA B X 43 KRB R . 48 KRR R BUA A, (BREX A
FF&HHAARAME, Eilt, AT PHR.
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WL KM L2 A8 B=% WCAENHSRFHEE AR EHEREL

B=F B CRENDUE SRR 4 AR AL

L AFNF A RPAR AR ZTEMANER. R0, B70ERERK
B FATHET B — AN PUs CEUKRE M MIR26 (RHEBphIZEED LR, T HI(E
WREAFR R EBEEESR, afflt TRESHN TeEKR (WHRTSE, 1992;
RIFLMEHZE, 2003). B CEAMHNKBREENREER, TIEHUESL
HREE MM RMATERN R RTUM,

HARHEREANHEYKNESE. FF RARNESER AN & EEWHF R
$7% 5 Hi 1 B4 B 2 1k F (Oliver et al., 2005; Lyte et al., 2009; 441 B 4, 2009b) .
ARBCAEMENEHMACHRIE. Tang F (20100 BT =AHEH
B CEVAA A ME N 16S (DNASE, HMI8DOUTHEE H 51 B4

( Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes) W FE. X E
HO(201D) S HIFARERESIY, BRI TG LR GBRA. AF KAEMKK
B AEEERRRER, SRR, Arthrobacter. Chryseobaterium{E3 i
KA K EL IR E, Serratia. Wolbachia. Arsenophonus. Acinetobacter¥ll
Cardinium$) /0 —F CEMBRERIK (<30%); Serratiaf WolbachiafE K X
AFMAY CATHREERHEE & TH CE, CardiniumFlAcinetobacterft 1 €&
RS R B T K K EFB KA, ArsenophonusW 48 € ABRPE R & . AT,
FAE S CEVE N A RS SRR SRR f it — BB R

LI} % Y £ BPCR (real-time fluorescent quantitative polymerase chain
reaction, FQ-PCR) & 3 [E Applied Biosystems?\ @] fEPCRE R Z Akl bk AR
—MEERBNEREEBEAR, ATZHEATNEH TPCRAERREER L
K, M HE5®EMPCRAALL, ERAARRMHEER. BIUEREGER S, ORI 2
MAZEYE. B R, &4, FRER, BRI TFRE. ERERE.
EBRZAHSTNERRESNETEAF R (EAEE, 2008) . FBES

(2010) 3RiE 7 M8 KA P % 2 H LA B drsennophonus, FF| R € BPCR
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PIDNC 1 o 2 A 4 £=% W CABEHRESHFHIEPHASEHREHZEL

B AR BTN U BEE € A 9% R & T ASD7THIMudgo M BB K&, JF
A ZEEB CEBEUEER AR P ATRREEREM. A URESTHE LA
B M16S IDNAR T THR 519, FIATOLEBPCREAR T3 M8 FE T
FEEE CATEE R A M SR 2 PR S B BB, BIEA#
AMEAR CAENR RS E P HER R

3.1 M5

3.1.1 B8
SlLFﬁéﬁﬂ:@ﬁ*ﬁ%ﬁﬂﬂ\ﬁE%ﬂ%ﬂﬂ(ﬁ@M%@)ﬂM@y
(&BphlEF) HHERKBHARIRE . HTFFERRFE, BTHIE
REGEZKER, 2 O BREBETERAImB B, EHEKEHE,
45-60 K ¢ AU /KRB MR LA R ARG H

3.1.1.2 KA A HIEIER R AR TNT Fisi R ASD7. Mudgo LERE 140
REUL TR K TN Fh8E. ASD7 FEERT Mudgo F 8 (F-h BE/KREATIRML) AR,
2B X B BAR FK RS & F6 (TN R BE—Mudgo 1 ASD7 #& £k . Mudgo 4 #—TN1
%1 ASD7 #B#k. ASD7—Mudgo 1 ASD7 #&#k) L7580, RGN F1 R,
FHEEABR MR P EELESE 6 . BT 24 AMMER R, HIRIA.

3.1.1.3 FEEASME - B CAIRK KRB MR REEFERLERMRAT
SEERESEFR. LR CABRAERENKREEFZO 24 M, KEHBRESR
A8 CAVEIEK R W I BIHTL A KB KB E . B4 48h J5, HEHIKBHBE
26+1°C. MXHEE 70-90%. L12:D12 WATSMZRES, FAHIIKREE S
HEBACSENRZHEE (B 60cm, HAE 9em) BfE, TIMHF—HZEN lom
HNOHE E—AMEENZEHEEE (2 lom. K 6cm) . BES/NEPWE
BREHBEHEE, oM BEEENE S BTG ORE RS/ NG B 1 i
WREI R KBENEENEE, BRE/NERAHRAKA.
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RIS b A B=F W CRENHYRFHTEPEAICEERRHERL

3.1.1.4 BREEE : R EPEKBHRAMAKE, A8 RPN 45 B#R
TN KFEEEHRLE REIREZNEF, 8 3~5 RERITH CASIKKRELR.
PR BR S EER R AR .

3.1.2 Fi

3.1.2.1 ZF4 DNA $#£5

KAB-E R IUSDNA. 43 B0k ##8 BH AR € BUR N 2mL I 5.0 %
B, A SOOuLE R EUSE /iR (2% (W/V) CTAB, 1 mmol/L NaCl, 50 mmol/L EDTA
and 50 mmol/L Tris-Cl, pH 8.0) 5J3, MIALIKEI A4 mg/mLEH#EE, 37CKE
1h. REMALRE N2 mg/mLIE SEEKN1%E + B MBRMER, 8’5,
55°C/k#t2h. 2 J55HBFuhrman? (1988) M EBET, BJSH25u 65 CTI#M
dd H,O%f# DNA, #H.

3.1.2.2 SIS ER
REZ ATIRER 5 FhILEE (Arthrobacter. Arsenophonus. Acinetobacter -

" Chryseobactium F Serratia) 16S tDNA KIFF5, F)F premier 5 B4R itE &5
¥ (K31, S|YREBESEESWHRIEEMNS, SRmEFET T RFEER
MEEFFITRECHRERE. ¥ BRKESTE 100250 bp 7. 518 L
Invitrogen AR &R EEE KE, 18S (DNA ERFANASER. RN RE
LHSLET, BATSIYMERME. SRR, SIRE . 1B KRB AR IR
WEE, EHE5IMNARBEAAL %, SRR, FitREFE5I W
18S IDNA K {15 8 B E MR KEBE — .

3.1.2.3 qRT-PCR M EAR R LRI

@it 8 PCR M H K 5 MILAEEM CT , 8BER BN =ARILEFHME
T8 EMZEE 0.5 UATTH, 3 M 8UEPA 2 803 MR, SUETTH,
BFEEMR , SHGAEIARE URERINEENTFIIELINER. HiE
i 26T IT I . RIEHHRE HEEIZA Sigmaplot 12.5 £ E A SPSS13.0
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YLK F G AR #=% WRENHEAFHLIEPHASEARNIZL

BT HENH . 2aaTRBAFEARINT: 2788 = 21CT T e missona” L amn

o185 DNA" o
# 3.1 FTRA5IMF3I
Table 3.1 Primer sequences used in qRT-PCR
ElEZE2p EIEZ Ll
ACI-F 5-GGAGGAATACCGATGGCG-3
ACI-R 5-TGAGTTTTAGTCTTGCGACCGT -3
ARE-F 5-GAAGAAGCACCGGCTAACTC-3
ARE-R 5-CCTCCACATCTCTACGCAT-3
ARTHF 5-CAAGGCGACGACGGGTAG-3
ARTHR 5-TTAGCCGGCGCTTCTTCTGC-3
CAR-F 5-AAGGTGCAAGCGTTATCCG-3
CAR-R 5-GACCAGTAAGCTGCCTACGC-3
CHRY-F 5-AGGTAACGGCTCACCAAGTC-3
CHRY-R 5-TCCTCACTGCTGCCTCCC-3
SER-F 5-GGCGGACGGGTGAGTAAT-3
SER-R 5-GGGCACATCTGATGGCAAG-3
Nil18S-F 5-TAGGACCTCGGTTCTATTTTGTTG -3
Nil18S-R 5-GCTGGCAGGCATTGTTTATG -3
PCR Rtk R:
B &% R
SYBR Premix 10 pul
primer F (10 pmol) 1pl
primer R (10 pmol) 1ul
AR DNA 1pul

RNase Free ddH,0 AR RBAEFRZE 20 pl
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LR F MR F=¥ W RGNS AR AR L

PCR RMNEEXEFAH:
95 CHIZEM 3 min: #RJ5 95'CAM: 5s, R 55C-62.5C BAKIEM 255
(TBHF 40 1R) , BJGR 65°C-95CIEfRhLk 2L,

51 Mk £% B 1 £

KB — R #TE S IAMEERER (10%, 10°, 105, 107, 108, 10°%1 10'%),
PRIG 1 R R AR R0 A AT bR R RO ME . 25 18S IDNA M AR
R R BT 514.

32 GRE

321 EABERFARB CRIERARR RS E
EAHEMMFRCEAAA S BMEAENREBNER 31 Ffix, He
Chryseobactium TE=NFMER CEGHNIINEEE, H—FP L. £ TNI FE
H1 Acinetobacter FEUIKTF Chryseobactium, HE=FHEHPELEEER.
£ ASD7 F#h, Chryseobactium (S#EXHAH . Mudgo FEEHBR Chryseobactium
LASt, Arsenophonus M Serratia IRZ., WEAMIL, HE5RKABHHLLERELE
EZHER. MAE ASD7 FE P, Arthrobacter 1 Acinetobacter ¥ B & T
Chryseobacterium, {BPYFpIL4E M IS EI R ELT Chryseobacterium.

3.2 AHEHHHB CEAAER SRR
Table 4.1 Numbers of endosymbiont bacteria in BPH populations with different

virulence to resistant rice varieties

AR TN1 FhEf ASD7 FhEf Mudgo Fh ¥

Acinetobacter (ACI) 7.15£2.66 b 0.05+0.02 b 1.10+0.81 b

Arsenophonus (ARSE) 1.63+0.54 ¢ 0.00098+0.00025b  3.55+2.27 ab

Chryseobactium (CHR) 12.34+2.96 a 5.3540.36 a 11.20+5.08 a
Serratia (SER) 1.25+0.39 ¢ 0.00024+0.00014b  3.19+2.02 ab
Arthrobacter (ARTH) 1.79+0.37 ¢ 0.33+0.02 b 1.17£0.45 b
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TR F ML P AR B=% WCRENHTESHFHTRPEAFEHE RN

3.2.2 TN1 #EHENH R F# ASD7 M1 Mudgo AR P HAEAILEE TR

BN BT TN KR AR BB EIFitE @ Fr ASD7 A1 Mudgo 1, 1AW
HEFEHOHEBEZUME 31 Fin. 4%BF ASDT L2F, HAEENA
Chryseobactium, BJERANIRTF Chryseobactium %] Acinetobacter HE THZ5H
EMRLEELEERER. MAEERL B Mudgo L2 /5, Serratia
Arsenophonus 2 ENM, B Chryseobactium B RMHAHE, BEHEFE 2RKZ)E,
EETRESHEIMLABEREMER.

400 «
A 100

80 9
300 4

66 4 == ACI
e ARSE
==CHR
@ SER

== ARTH

200 4

40

100 4
20

Generation
A 3.1 TN1 #BHERHLHR AT ASD7 R Mudgo R4 AL R
Fig. 3.1 Dynamics of endosymbiont bacteria in adaption of TN1 popultaion BPH to
resistant rice varieties ASD7 and Mudgo
(Note: A- TNI1 population BPH was transferred to ASD7 rice plants; B- TNI

population BPH was transferred to Mudgo rice plants)

3.2.3 ASD7 1 Mudgo FHEHE B M R &F TN1 EARIERNZEL

BER LM R ET ASDT 1 Mudgo FHEFIE CAFBIIM A TN1 L/F,

ASD7 #HHE CAB LA R RRESMER ZE R T Mudgo FHHR ¢ Al
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BT KFM LR F=X W CRBNHBBFHSE DAL

W Acinetobacter I Arthrobacter HEFE L7, 2 RZ BREFIERBAF (&
3.2) .

400 6000

5000
300 4

4000
e AC]
=gm=ARSE
=dr—CHR
st SER
w¥e ARTH

200 o 3000

2000

100 o

a3
s S TN

Fl F2 F3 F4 F6

Generation
B 3.2 ASD7 F Mudgo MHEBBBR UG TNI EHEAEENZL
Fig. 3.2 Dynamics of endosymbiont bacteria in BPH adults of ASD7 and Mudgo
popultaions fed on susceptible rice variety TN1
(Note: A- ASD7population BPH was transferred to TN1 rice plants; B- Mudgo

population BPH was transferred to TN1rice plants)

3.2.4 ASD7 Rl Mudgo FrEEE R R B AT B Rk 3t 4 B AL

Mudgo M KRB S ASD7 KBEKk L, HENERAFERES —
Rz, HEFEHRAARK. T ASD7 FEHBE Mudgo ATBHEK L2 E,
BBSEHMREREMNET, Serratia 1 Arsenophonus T EW I, B
Chryseobactium RN HE, RE 1 R2ZJG Serratia ) Arsenophonus BB E T
R, {BYYRE T Chryseobactium (B 33) .
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P K S -2 hr i3 =% WKRENS AR EPEASEERERZEL
1000 A 800 4 B
800
600 4
600 == ACI
e ARSE
400 9 adrCHR
400 M= SER
== ARTH
200 4
200
b
0 P ek B S P - 0 I -:.'lna-.-...-:mg.=.§
Fl F2 B 2] F6 FI R F3 F4 F6

Generation

F 3.3 ASD7 R Mudgo FRFEE NG R A FLR P ARt E R
Fig. 3.3 Dynamics of endosymbiont bacteria in BPH adults of ASD7 and Mudgo populations
during adaption to resistant rice varieties ASD7 and Mudgo, respectively
(Note: A- ASD7 population BPH was transferred to Mudgo rice plants; B- Mudgo population

BPH was transferred to ASD7 rice plants)

33 g

R R#AEES, BREHEAILER (endosymbiont) FERL T # V)
BIFL4EX R (Feldhaar and Gross, 2009: R4 E%, 2009a) . BdAFtA R Mt
TREMNNMNBENESR, MEBRKEALEBEARIYIRINFELEREEFR
4, VUBRANEHARE (Moran, 2006; Hosokawa et al.,2009) . Btbh, HAEEER
BWEYNESE. FERRORSFRANN T IEVOF AR NS E R
EEE/ER (Oliver et al., 2005; Lyte et al., 2009; #RZLE%, 2009b) . EHT
%f Acyrthosiphon pisum¥t ¥ & EEMNERT RS, tEFEREEEN HEHEE
HBEERAEHREZURRE, FBUFRRIFEAFENE (Campbell,
1990) . Simon%¥ (2003) 7EHF M B AREF X MBI G LT HBE SRS, A

HREREDHASHITENTFEEN S5 UAFFEMXEK. Leonardo M Muiru
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LK ZE M LA F=F B CRERHERFTEP AR EHERIZNL

(2003) RI, SARGBUBRGHADIL AN WBZIT L, BPURILAERM
O LREREHTE LEE, BEARER LOERE MG, UILEE G
B — CE-—KIB AR, REA T RN KB EER AN H AR E
ENTRIBRMNER, 42X, LRGHENHAERNSH CABFELZUER
ETHX (BHE%, 2001; Lueral,2004) . =FEEHE CAG N KB E
ERASEFERENER (BFREES, 2006) . Hit—HxH18S tDNAF B
FESAT M, ERERIFHABRERINERRD GRIEESE, 20060 . K
AR ERRESN, EFEEENLEME (EBEESS, 2009; Tang et al., 2010;
X EH, 2011 « BATMGERER, 78 CHRERILEMNE D BT Wolbachia$tt:
B7ESOLE BPCRIGIIAT, WFl2 i, FHARRS AR ER.
(B[R BAE 5L T 48 KA AT fR Y T Z B R Wolbachia. CardiniumM) 7] fEHT
EEAR, f£8 AR EAENER DS EALK, REERNE. XX
Ho201D) HRiE, B CAEDIIFHBA A MEb R R, BRERE. ER
WEISFILEME D, SRE ChryseobactiumE3N B EHF AR KA NI AR E
B, %Pk, #UHTRSEGAREERRIETLHEMFM. T
TNIFPEEE R ASD7RBER © BV 5 4 BUHtE M FiMudgo BB, A ILAEAR
BHEMRERSZEHHEN, Serratia F Arsenophonus & & N, A
ChryseobactiumE AR BB, RE1RZ G SerratiaflArsenophonus & B % T %,
{EARE T Chryseobactium, HEUT] it 5 Serratiaf Arsenophonus# X BB E 1
BHE¥. RETHESES (2010) tIRE T INIFEE € B {E N Arsennophonus B %L
E S TASD7TAIMudgofh#H48 C A, HEMZHER CARFHZRIEP AR
REFEEM, BNFH—PIEEK.
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YLK S 200 S KR CE-RH A I B RIR 2T

BIE KBE-E CE- R B RE ST

FAEFEB TS AEEEE BB RBEENHRERETFREGPEE
¥ #0 (Haine, 2008; Feldhaar and Gross, 2009) . B, oA HEEKRER
RS, ERERFAE —ERENKTEEE, FHCEREN TKFRERIAE
MEIRBI) . Jager & (1997) KIUEG: Wolbachia WIFRBR¥E (Trichogramma)
ERMEE RS Wolbachia IR EWANEER—F XN KBS, Wolbachia 7]
HEBEMMEBREAEHEME, HEEEBL T —H. Grenier % (1998) XH
WIES R 588 RIRE Trichogramma pretiosum 354§ Wolbachia ¥ %%
FIRA B RARIRE T dendrolimi . Sasaki % (2000) MW¥BESR Cadra cautella 1%
W Wolbachia ¥ 33\ R #3# IR Ephestia kuehniella ", PR R AR A M
FARFEM, TR RIBAREER . EREFE (2006) BIHLEGY
B 751548 Wolbachia B B HE7RIREE T. embryophagum /K FE T EN T 4=
REARUS A BRA 6 R R BR e 4 1, 3R 78 58 42 e I A 38 R XA 1A T 7R AR
FhEE, CESREEE 40 RN BERER—F 0, HERRE T pretiosum
R Wolbachia 7K VA& B BB REREE T. confusum Ja, MHAd. 45
FIRIE R NI GBEA%, 2007) . FKEHS (2009) BAARESR
RS BE & 1E AR IR R 8] Wolbachia /K F N LE B4k . Kawai % (2009)
B RR A, BIK KA\ Laodelphax striatellus kW EI3E A8 Wolbachia ¥ 4
FI|38 K&\ Nilaparvata lugens SR8, HRMHHRHRBARFEMME. LHS|
NEEWE, FAEBEAREH B BERMATKFEGREDIREGAI), 4% Braig 5

(1994) MABFI dedes albopictus H 4 —F¢ B WE S EEBAFEMK
Wolbachia F.3h% N\ 248 Drosophila melanogaster KR 2 J5, ¥ REHAHHRK
HEAM Wolbachia wMel HHERIIME: BB Aa23 1 C6/36 MMLAT
(Hedges et al., 2008; Voronin ef al., 2009) . A& GEE X AR EE CASEN
FAE R SR S FOKES DR B B R A 1 2 B 1 R R 4y
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LRI e 2R SBIE KRB CE-R I P B R A

T, BEEAITIEA BT 5 DU T 48 RV WL B R RS RIE N
WA AR EER R IR UK.

4.1 MEETE

4.1.1 HH

4.1.1.1 KGR - BAUKREHHF TN, FLdmFP ASD7 (& bph2 ) A Mudgo
(4 Bphl #FD ¥HHERKBHAMRE) . MFTEREFE, BTHLAE

RBBREAMER, 20 1 O EREBRT EREA 9em MAKS, ERILKE

., 45-60 R EERIKEEABE TR BANKIRH

4.1.1.2 B XA, : 2 HIER RS TN iR A5 ASD7. Mudgo EEUE 140 £
PA_ETERER TN FhEE. ASD7 FhEEAD Mudgo FhEE, mi-hE/KBATIRMEE. AT
BREIBRERZ NS P TN1. ASD7 1 Mudgo /KIS ML, H#iXKEA.

4.1.1.3 FEEER/ME . BT CESPRKFE I M H R BEBEFLE RBIBRAL
SARENELFEFR. EHCABENERERKRBEIP 24 /M, REHERER
FIE G EVS /K RS BIWTT & KR Bk RS H . 54E 48h J5, B KRB H =
26£1°C. AHXHEE 70-90%. L12:D12 AT SMEES, |AHIKTER 2 HH
SIEBAOENRZAEER (7 60cm, HR 9em) BH{E, WHHA—HEZEAN lem
KI/NO3FEE—ANMEEREPEEE (ER lom. K 6em) . BAE/NETLE
BRERFEIHE, FFo B HBE NS S B L E 5O RS /NEE N B8 e
WA KBENEEALHE, BRE/NERRAHARA.

4.1.14 BRSEHE . AR A PEKBEGFAMAKE, HEH AP 45 Hik

TN1 KFEEENLE REBTRENETR, & 3~5 REHRTH CASIRIKREE.
PG R S B i R R A
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WL K #8248 FBME KR CR-RBUE AR RRES T

412 FiE

4.1.2.1 4EEFE4 DNA R

F RS- E AR 4 HUE g7k REM- 85 P v U BB Ja Bk 10k B SRR\ 2mL
R LE S, MASOOULIIREZE MK (2% (W/V) CTAB, 1 mmol/L NaCl, 50
mmol/L EDTA and 50 mmoV/L Tris-Cl, pH8.0) 213, MIALRIKE N4 mg/mLEAH
B, 37°C/KiB1h. SRIEIMALKE N2 mg/mLiE HEEKA %A+ — e AR
B, RS, 55C/K¥B2h. 255 MFuhman®s (1988) W75k T, RRH
25ul 65°C T HIdd H,O%## DNA, &H.

4.1.2.2 16S rDNA V4 X PCR 3"1¥

PUREUI A DNA gk, 244k /5 %A 16S IDNA EEVAXFFRHEHI5|Y
S, PR 2250 bp, WREEAME T20ng/plIPCRAZE L R E R BURE WS

BAA RA RT3 47
PCR #38{K&N: 7£02mL HPCREF AN (BRBEFRAS0 L) : 10%

PCR buffer (4Mg>*)2.5 uL, 2.5 mmol/L dNTPs 2.0 uL, LT #5# (10 pmol/L)
%0.5puL, TagR§ (5U/uL) 0.5pL, DNA ##R2 pL, dd H,O#MEZES50 uL.

PCR RFi%kf: RFAM#ENXPCR, 94 CHiZEtES min; #7100 NMEH 94 C
Imin, 65~55 C 1min, 72 'C 45s, HHEAEHAEEMHER TR C; 514
AMEFEA94 °C 1 min, 55 °C 1min, 72 C 45s; 572 CHE{H8 min. PCR
YR %R AERE AR kWS, T4 CRESA.

{8 F Tlumina 9 MiSeq AL, *$/KFE (TN1. ASD7 # Mudgo) . # K&
(TN1. ASD7 fl Mudgo #8) KR (RAL/ &, BREEEHE) BAME
16S rRNA HIEZEX PCR F= kAT SR MR, FARERIF 45 R BT SAF ik 4l
B E R T LR & G TR I EL B 5
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WHLKF L EAR FME AKRERCE-RREANEE N FRED

42 GR 55T

42.1 BFHE

Nk 4.1 42 FiR, —3LE 3 reads 804,306.0 %, FHEMEF Y reads
¥ H 7 100,538.3 %, BHHEE RN reads “PIH KN 249.9 bp. XT3N HE AL 1
reads L H #7401, HARME 97%HMER 5 HI RS A OTUs.

R 4.1 FIERRPETRBH Reads ¥ H

Table 4.1 Numbers of reads detected from all samples and their average length

& Reads 1B “F14 Reads #{ H FHRBRKE

804306.0 100538.3 249.9

£ 4.2 HFR Reads B H it

Table 4.2 Number of reads for each sample

A Reads # B
7Kg TN1 116 194
ASD7 93 992
Mudgo 49 099
A TN1 g 68 299
ASD7 #hEf 104 133
Mudgo Fhi 111 543
N BEGES 108 080
BaS /g 152 866
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HHLKFW #6083 B KRB CR-RH AR B FRRE S

4.2.2 YIFMER

METFF— OTU —H I 1 FREEMFFAT TRV RHERD.
BIERIE) 321 FAHE, K4 TN1. ASD7 F1 Mudgo KRStk 4749 165. 147
A 118 #; |/ KE TNI. ASD7 #1 Mudgo FPEE4r HA 151, 166 F1 175 F; A\
BNENBRREHESF AN 2192228 (B4  HPEERPEHMAEN
SRt A 4.2 Frs.

350 1
300 1
250 A
200 A

150 A

Number of species

100 A

50 1

TR AR MR Tl Al Mi Cyr  Ana Total
Samples

4.1 ZFRAFTEEHAEFE

Fig. 4.1 Number of species of each sample

(Note: TR-TNI rice plants, AR-ASD?7 rice plants, MR-Mudgo rice plants, TI-
brachypterous female BPH of TN1 population, Al- brachypterous female BPH of
ASD7 population, MI- brachypterous female BPH of Mudgo population, Cyr- female

Cyrtorhinus lividipennis, Ana- female Anagrus nilaparvatae)
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Tavon

Acxobacteria
Actinobacterii
Bacterks_Unclassifiad

Bucteroidetes
Cyanobacteria

Fimicutes
Fusobacteria
Gemmatimonadetes

Planctomycetes
Proteobacteria
Rare
Unclassified
Venucomxrobia

Relative Abundance
5

* Sample ID

B 4.2 BB RGBT & B LA

Fig. 4.2 Proportions of bacterium in rice plant, brown planthopper, and its natural

enemies (Note: the same with Fig. 4.1)

423 R\

ZRE 43 FE 44 Fin, TREIBRHHTERRREGRIGRY, =4
BWEFEE . BIFRBUA B BEE IR B L BB, T 5 KE ik N AR R %
GRERBAK.
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WL K S8 - Ar B3 SN KA CR-RE U P R R T

PCOA - PC1 vs PC2
04 r v 1 1 1
|
|
|

Ivs | |
o | |
< 02+ | -
3 ; f
< [
=
S 01} = —
b | MudgoAds
[ =4
S
5
3 00 } -
Z
L%
Y |
Y »Mudaoi® Tk
& ol MucocH V8
~
LQJ TN L&
02} =
BASD7i#8 EE,
-03 - 1 1 i 1 1 =
~04 -03 -02 -01 00 01 02 03

B 4.3 KRS0 C R - Rtk A U BB BOAR M E S

Fig. 4.3 Similarity analysis of bacteria communities in rice plant, brown planthopper,

and its natural enemies

Mudgo

TN1

ASD7

TN K&

Jl_ ASD7#& €&
Mudgoi® ¥ &\

—i' RERER
TR BB/

—
01

B 4.4 KRR KR-KKAEAHE 16S rDNA FIRESHER
Fig. 4.4 The cluster analysis of electrophoresis profiles of 16S rDNA gene fragments

of bacteria in rice plant, brown planthopper, and its natural enemies
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YLK ER LA BNE AR CA-RREREENRREDN T

4.2.4 KRB ER-RAGEAER T

ECRER CRFLAEMME + ., Arthrobacter . Chryseobacterium
Wolbachia. Arsenophonus 0 Acinetobacter fFE =N KFG MM . =ABIEHMEB
KEMBERREERIRME], Serratia ¥ TN1 1 Mudgo HEMR PRI E
4h, 1E ASD7 HE¥E. B KERREENFE. SV EILEME Rickersia
FEFTA RS DI TELE, TIAE BB S E i AR 20 AUk 3L 4 Buchnera (R
43) .

% 4.3 KIBR CA-KH K AILE BRI LR
Table 4.3 Comparison of endosymbiont bacteria in rice plant, brown planthopper, and
its natural enemies

KB ¥y KRR R

FAEME B A
TNI  ASD7 Mudgo TN1 ASD7 Mudgo %  #

B N

v w8
Arthrobacter + + + + + + + +
Chryseobacterium + + + + + + + +
Wolbachia + + + + + + + +
Acinetobacter + + + + + + + +
Serratia - + - + + + + +
Arsenophonus ? ? ? + + + ? ?
Cardinium - - - - - - - -
Rickettsia + + + + + + + +
Buchnera - - - - - - + -

Note: “+”: It was detected. “=”: It was not detected. “?”: It was uncertainty.
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4.3 itig

R RAEY B, BRASLEETT S ARE, FMESEFHMRES
K A B R WIE A B, B3E Buchnera. Wigglesworthia. Blochmannia
M Baumannia %, HEERBEAENFEIERNENRAMFES ST EHFEEH
EIEA K, #HATRAIEREIEHE (Dale and Moran, 2006) . KARERFEESHR
FHEMEE X, MREFTINFERNEHE, BT RKFRKFEBR AT
MHFERNEE, AN REHITEELRE (Hursteral, 1999) o RAEFLAEX
FEENMEME W SHEE X, £ FHARPENRERNMES —FFHH
RERA FM. X T RERER — e BN E M T IRAE SLAE B R R B, T 5 — AR
REIERN A EERE (Montllor ef al., 2002) . RAFAER 518 F MW RFALE )
B, BEBFEAEAEHEBAIEE (Dale and Moran, 2006) .

BT RGUR A NE 3 5040 LR 18] SR P 3 A4 B K P A FE R ST IE Sk — e
FEMBERBREDHBAFNFTEEA, FRILERENRKE (Dobsoneral,
2002; Russell and Moran, 2003; Dyall ef al., 2004; Baumann, 2005; TR,
2006; Vorurger ef al., 2010) . X, HAANRMBEAHAILEFHOBEEMTD)
RRESHNEEIZMMXREEZEREY-BR-ILEFH =2 2 AE/ERHRR. &
WIERE R TREUNTIER, M ERUBEENR . LEREE S FHRAR
Ry, S FEDFRABRCEAMARKILETNIETR. 5EFRNM
EYRRR TR, 2 TFEYEREARL PCR AERL, ABYUREREARFS, B
AREMTIAEBEM B AR, XHEAKMEATRETE. LRREEK &
BEAUFRAMYEKRE, FEMREIRILEBENEERMINESHA.

AICE IR KR CE- R =EFEENMEN 16S 1DNA #fF V4 X4
KT B ENF, 5 16S (DNA BBE#AT LA 4, NI EA14 R4S
SREMEHTHTST, SRR, BT (Proteobacteria) L H ] ( Cyanobacteria)
MENRAER . WFREEKRB, HF TNI. ASD7 #1 Mudgo /KFgHEK 5>
B4 165, 147 1 118 #; #{ K& TN1. ASD7 #1 Mudgo F #4514 151, 166
175 7, RBEE/NEMBREEEES R 219 222 7. TR ERMHFITE

54



YLK F 8B SN KRE8 CE-RBUE A A E IR 2 BT

RERGERYRY, =B CEFB. BRI 4058 B b HLBAREL,
MBEKBENAEABELERERB K. ECREM ML EE S,
Arthrobacter Chryseobacterium. Wolbachia. Arsenophonus 1 Acinetobacter TE =
AKFESF . EABEEHEE CENBFRRBAENIIRIE], Serratia Bk TN1
A1 Mudgo HERER R MEIS, & ASDT Hikk. W XAMKIUENHEE. H
RS HE RIS Rickettsia R ERERPIIEE. —NEFRNLEREER
SEHR BRI B Bk N IVIESYE B Buchnera, RESERREHEE
EHBRE CANRBH S IPESS R, BTkHe SR EEYEX. A
fb, BT CIRER R4 ELS, EHEREAEMEEKE-B CA-RB=E
FEABERRE.

R, BREAAES AHAANSRRE LI ER N E PRI,
Kikuchi (2009) AR SMEEIE Riptortus pedestris 5P FE4E B Burkholderia £ M
REEHAREFREUY, T HZE R LR MIES TiX— K. ZEMIEmEE LIRE
FRR BVA RS EE R B R EEYK AR R E RS E LR
BHE (Fragoetal,2012) . 45, JLFEHEERENKIFTA SN EE F 3R
BEENFEY. B THEFRN BRE I K EMEeRIBEMEIA LR ERBIE
WERH AR S, B B B PR A P AR B AT R0 AR LA B (Moya er
al., 2008; Brune and Ohkuma, 2011) . 27, XLXFAREFZ/LEEWFRE
AR TR Z MR R R R ENR, AL E RN S EENTE E TR
FHNFENAEERENFERRFRE—FHHA.
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WL K E ML F 610 BRE ABIR CR-REEAERERHE

BHE KB CR- R P4 357

RE PCR AR, REKZMUFFRRD TEWFREARENRKREZAM]
MEEBFE R G AERAE DB E P RIEFEMVSHEE (Muyzer ef al., 1993; Liu et
al, 1997) . #itm, kWA 6 MILAEME, Hb s MmEELERAFFIFR
FIRA A TR, T1HBHAARAT USEFN. HiRERT 2 MItEME
ELRFEFRPHHE LK (Darby ef al., 2005) . BT EITEEFIFLEHRE,
AR EBEMRARIEE, UREAUFRERALE. L%EH DNA H#
AT EIIEFE A Fib, AWK EAE RN THE B RIA RN RS

BB HI AL, Sodalis glossinidius (Welbumn et al., 1987) . Wolbachia pipientis

(O’Neill ez al., 1997) . Candidatus Arsenophonus triatominarum (Hypsa and Dale,

1997) . Candidatus Consessoris aphidicola 1 Candidatus Adiaceo (Darby et al.,
2005) . #FBRAE S glossinidius REMB1ET B MK KM THEFF (Dale and
Maudlin, 1999; Matthew ez al., 2005) Re#iASMETR. TKERESE (2009) 2 BIR
BAREFKTE KNBCRAEGA>EIIMKILER, 2 BERLER
(Yarrowia lipolytica) W ihHEfaEEEE (Sterigmatomyces halophilus) , {EEA#
KRB A KRR AEE R E AT SRR FEYFE. RN BEIE 78 AR R
FEARMEMEXBGERBEN. TXTH CAENLEARHNEFTEER
E. AGELKBE-HCRA-RRZEREBNARNEFOERER, BENNHHK
FE-48 CA-R B A K R RN AR IEE AR CAREHER T EHIME
RS -

5.1 PRRI B

5.1.1 ¥
5.1.1.1 KBBRF . RAUKEEHMN TN dEOKBH ARG, M TFTSARSF
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WL K #2260 BhE KBEIRCEA-RARGAHE RN

G, BTHIARMRESKEAR, FBt—ORBEREBRT ERA 9om K&
Hhoh, EAMARKER. 45-60 K ERFUKTHEK GRS RAREHA .

51.12 KA, : ERELF TN FEUE 140 UL EFRE TN Fh8E, B9 EK
FERTIR L. FEATIE REREZEA A TN KK ESFEFR, HiREH.

5113 BESEE . RaXadEABHARREE, BEE AN 45 BEE
TN KREH AL A RE B AR, 8 3~5 KELSE CEIPR/KRES.
PUEN RS EHER MR,

5.1.1.4 ZREEEN Rpf: BEEAMK 10g. BRI Sg. S04 10g. nsKHh
BE 1 F (RREEEFEN N EMALZRE 15g F) , 121'CKE 30 4748 EI5e
HKFET (resuscitation promoting factor, Rpf) #l&, HHIILIATEKFERHY.

5.1.2 ¥

5.1.2.1 KRBEHk ERERPRE . SNEHFAEZER Sem &8 LEBR—R
4em KWZEF, BT Sml BOEABITREESE. KA 75%BHFRIE 30s, TH
IKFELE 3 IR, REABERESEN 5% NaClO R# 30s f5 2 Ja I Z&1EKES 3
K, ELEER LT, R—HA2REHEENZTMENTRE: BEERNHE
B THAMEITH LB BAEFE L, (RFF 20min, HBOIT B R EH—
IR, mETAXBMEZE L KENRBREHFARD), BERKEF. K
KBAAKENIBEE, AL KB A X 0.5ml TEKEFBHHIE.
10% (V/V)% Rpf & MEBRSEFREPENLEA, UHINEENT Rpf #l%
WAE R B, B 10% (VV)RIEE BB, U RIREHE RSB 107
FHER 3K, 30CHERF. RFEIFFRN AT FAEEE 53 RS R RAEM
B, MR, NERARHE.
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WL K L3423 SERE KB CR- KRB AR

5.1.2.2 AN BRSESEENAENIETT . SEHL 48h RIS AR, BA
-70°CkAE, Smin FEEHBN 2ml BOER, S 6.1.2.1 TiE#T R KEAED
AR, REHMRBRE TOKEN 1L.5ml BLOES, A 0.5ml THKEHEE,
ROHE, HARF 6121,

5.1.2.3 FEABMN OB « A EIUBHM RS FR AR PR 20pILB [ B 5 B3R
RS FIEIE, FKEK Parafilm 3O, #FETF 30CHEFAPEFR.
FREMNNE, HEEKHE, BHERBEENERIEAFE M. REH
BRAN . HENBESHIEEHAT 5 B AR B R

5.1.2.4 FFEKRPERE - ERARAMEZEH—FHEERE HEBETH
UNIQ-10 A XA E E E 4 DNA iR ZRNE Hbk DNA. REmWT. Bl
RIEFRABEMAE LEF, 10000 rpm B0 30 S, Y&, 3F EIFE. IIA 180 pl
Digestion Buffer, E&E &, HIA 20 pl Proteinase K %K, F4HES. 56°C /K#
30 min, [@EKESI. A 200 pl BD Buffer, 754BifElES]. AIA 200 pl TKZ
B, ZOBERS. BRMEBRAREES, BEBNLERTERSTFHUE
INRMAE S, #E 2 min, 12000 rpm B4 3 min, FEEEENHRE. FR
B AN 500 pl PW Solution, 10000 rpm B0 1 min, BHWERE FRIWBIE.
% AL SR AN 500 pl Wash Solution, 10000 rpm 850 | min, {##EEEE K
Witk . IR E R E W ES S, 12000 pm B0 2 min. KRR TFE
1.5 ml EOEH, A 50-100 ul FiAZE 60°C ) Elution Buffer, # & 3 min,
10000 rpm &0 1 min, T8 DNA A E T-20°C f-7F, 5. A5
27F F1 1492R ¥ & Hitk 16S IDNA 75 (1500bp £4) 3% LBETAEM TR
ARAFME, BIENFLS R 2 NCBI M Blast, HxtiFHERmE.

PCRER R RA:
=il R (ub
Template 0.5
10xBuffer (with Mg*") 2.5
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YL K2R3 BRE KBEW CR-RBUEAHE R

dNTP (£%2.5mM) 1

F (10uM) 0.5

R (10uM) 0.5

ddH,0 W EFE2S
PCRYEH %44

BE it 8] yEdad

98°C 3 min Pz it

98°C 25 sec

55°C 25sec 30 cycle

72°C 1 min

72°C 10 min (Z3-K0 i

4C w &Kk

PCR ZH )5, UL 1%IRBEPE AL, 150V, 100mA | B3k 20min /&, A BIO-RAD
GelDoc2000 BB AR R GAM, FHUIFIFT B %4, M Lig4 TR UNIQ-10
3 DNA ik ik & T didh, BUUR MY E 2 LA TEM TERARR
FHMR AR . 16SIDNA [FHITERZFE AR http:/rdp.cme.msu.edu/index jsp
L Eext.

5.2 SGRE57

5.2.1 Rpf R B 4 KRR
R P FMEAEKET Rpf, 88 EHESMERNA K (A 5.1 Fizr),
WBEE KA. BENHESHEE R 200 £

5.2.2 BFEEKNEE

5221 PCRYHER
ZRNE 5.2 Fis, FAHELSERNERSY 8 15000p £ 1) 16S IDNA

B A B
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PR F ML FAR SBRE ARBR CE-RIH A BRI

Rice plant 106~104 |+

S——

BPH 10-6~10 BPH106~10% |
-Rpf +Rpf

5.1 FHEPFMRHREKETF Rpf FRIHR

Fig. 5.1 Effect of resuscitation promoting factor (Rpf) on the growth of bacteria from

rice plants, brown planthopper (BPH) and natural enemies

5222 BhkERER
SRMK S Fim, —HEEHMEMNLR: KBeF. KR IFM (HP2
/NEi¥k )& Enterobacter symbiont) FIBJFZEE 4 F, FH e g4 HE*.
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RN L o 2 UA DS

BHE KB CR-RBUENHE RS

B 5.2 LT 16S rDNA B PCR =43k B

Fig. 5.2 Electrophoresis profile of 16S tDNA gene fragments of bacteria from rice

plants, brown planthopper (BPH) and natural enemies

# 5.1 WKB-RCE-REAEABFHOAEHREEER

Table 5.1 Identification of bacteria from rice plants, brown planthopper (BPH) and

natural enemies based on sequences of 16S rDNA gene fragments

R R F

EHEFUES BE

TK#E

+RPF

Micrococcus luteus

Staphylococcus sp.

Ochrobactrum anthropi 6
Bacillus subtilis

Bacillus cereus

Bacillus pumilus

Ochrobactrum anthropi
2 7
Staphylococcus sp.

#wKE

+RPF

Bacillus pumilus

Bacillus subtilis

Bacillus cereus

Leucobacter tardus 9 Fh
Microbacteriaceae

Enterobacter symbiont

Staphylococcus sp. (3)
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LR FAr iR 3 BRE KBRCE-RBEREE R

Bacillus cereus
-RPF Bacillus pumilus 3 FF
Staphylococcus sp.

Microbacterium oxydans
Brevibacterium

RRRE +RPF o 4 B
epidermidis
Bacillus pumilus
RPF Microbacterium oxydans 2 Fh

Brevibacterium aureum

531

RENTEMFEARNPERRE, WERANF . ZERANERERAS,
FEREERMERMMALHEE RERENREZHETE #REH.
LA DNA BSR4 R, EBFE-REBENRARE L, LR
EMBERA%. EENWFE—LEN, RARERBEEFEARTRER
7, HRTFEMRS, X7ERR DNA NA 525 ¥ DNA HIi55. 54, —L&
KAEFERET EHRAKERD, R DNA HERERESE. B% DNA &
Ry, AR ERERESBE, B LEEEFIBECER
T B 4 R IX B AR A — NRBIMER R . T, AR iR
THRWMAEYMAETE . AR 9 1E R AR BT 182 % (Keller and
Zengler, 2004) , FAILMEBMAANRER HHETERA. Fx. EARHA¥
MRBEZETEHRARR-ILEBERKR.

EEHAMA (Renesto et al., 2003) FA4 A% (Rappe ef al., 2002; Leadbetter,
2003) BFRE R XA LU BRI E A SLER R E K MG, W0 Sodalis glossinidius

(Welbum et al., 1987) . iXERIOIRGE T IEHHIIEFR KM, RET S. glossinidius
MK M, ERLBYER RARPAERIRER TEK, FEREBEEFEL,
RIBHEREAIEFFE ERRINESE (Matthew et al., 2005)

MEE A LA KEF (Resuscitation-promoting factor, Rpf) ¥R TEHEE M
BRE R I, %R T AT AT 107"%g /KT BA B 438055 40 s 7 2R i PR IR B 1 3%
MAEK, KVHITRRESS THRBMNESHES. Ref RERERRERFENA
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WL KM AR FRE KRR CER-REENEE T

KLASh, 3 IEHE A KOMBEEE K. BT Rpf MIIBER T EREDNEKRE T,
B RN A KK F. B Mukamolova %5 (1998) &I Rpf LAk, FE
S HIER FRAT R S 550 4 SOF B B 938 43 B AR O AR KR Hudss . 8L
B v B An1E AL T (Oliver et al., 2010; Nikitushkin ez al., 2011) . LXK,
BEE HE LA SIS VBNC RAEEMHRNIE. SIEZEMREESK
BHEKRES RO (THAE%, 2012) , HERAN—MRNEIRME
FRFARFERE. KAERSREKY, EHFEDHMNRpf, fEZH B Rk
WHE A IR . RE Bl R4 BE—F Enterobacter symbiont, 3f H 7] L4k
E;F%, B 5 Arsennophonus [R)JE&BFT##Fl (Enterobacteriaceae) , {HRFHEHIX
RERH—BHR.
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L KZFE A0 X BAE 2NEBELSSFMA

BAE EXEBE55EHA

ENBE

R (coevolution) &6 T A 4 Fh 8] 4% bt (K A i L Xt 77 HER (it
MR ERETBRMERNHRE, RBSC EATYOMEHEEERNHR.
“Coevolution”—1ia] £ 5 i B 7 Ehrlich er al (1964) < T @il 5H Y% R M R P,
AR AEDREDRE R SEMNEF R R P RE T RBIHAEM, WAYH
(8] B35 BL1E F R A FhE R AR BUNE) 77 (Feldhaar, 2011) . BHRASAERS
BERFUKR, MHABIMRGH L REYERER - MERNITA. ¥4
WA B S5 EL R R — B, IRERLARRE S STEE R SEE
ZARSGEBHA—EH, MRBRRVARGHURILEM B, BRIREH
iE#E (Sandstrom, 2001) . JEEER, EEX AR SREEEHNEAIERRN
HARKHEN, B EHKBRE OB ENEDIREHR, FA— I ENE, BN
LR R | TR T BB DR A A0 27 3 45 B0 R A A 36 AR B 0 R R B 3 R R E G
(Zilber-Rosenberg & Rosenberg, 2008; Rosenberg ef al., 2010) .

LAEXT LA B AR Z IR, @R & ItE R R R heD
—Eefe RItE R THEE LSS ENREEL. C2BENFR
RHERE, BEREMRAERFHR T AHBROIBEELSENERTHARR-3E
EHERARRET EF. EESREL MIERBRANRE, AABILEHD
THEEIR Ut T ML RYIESE (Feldhaar er al., 2007, Gunduz & Douglas, 2009) , .48
Wt B B REB KPR B REWR AL T ¥ #1757 (Hosokawa et al.,
2008; Oliver et al., 2008; Vorburger ef al., 2009) .

AXHFLF, #@ifPCR-DGGEF #3345 K Al & A4 #716S rDNA V3Xi# 1T
HEE, RERRARMOTNIFEARAERESHARSRERAKMN
ASD7HREEFIMudgoF B AR, (HiZ A Bl R EEH RIX 4 BU B A R0 S K RS o
PR CEAHBAREMENRENER. #—FPARNEEPCRYNREES
MEECRENARESRAEERSHILEMAREN TN, GREYH, RE

ChryseobactiumfE3 N EEFBHR CAKAARAHE, S—F UL, RNAED)
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BT KFW A F AR X BNE EXBEESRMA

fe X RE SM K ARENTRTHEIER . R Serratiafl Arsenophonusv] ¢
SR CABENERER. REXEES (2009) REFTNIFEE CEAA
Arsennophonus I3 B & T ASD7THIMudgoFh 848 KA, HHENZEAR CARE
HERIREPAREEEEERANSRE BN, E0FH—PIEsk. EidxK
48 KA REBUE R A #16S IDNA VAX#HITRIBENFF, £REPECHKE
FEXEILEMBE T, Arthrobacter. Chryseobacterium. Wolbachia. Arsenophonus
FAcinetobacterfE =/MKFEMAR . =ABUE HEAPREAE G EUR PR R EUIA A S48 30
%1, SerrariaBX TN1AIMudgotEtk AW RAGMEIS, TEASDTHMK. &AM A
RN . 5IMER BILE M E RicketsialEFTA R P I9GFE, MERRBEE
SR A R W B4 SRk A L4 B Buchnera, BB T IRENILAEBRIE S HIE ST
t, WAER T B — gt A R IR R .

B AR EREIH R

1) AR EE PCR B4, WET 3 M EBFEEMEHE CEEEN AR
FERMRE RS, ARLEERERZRN. BH T Chryseobactium 7E 3 NEFH
HRMER CEVRRIAIBE, S—F UL, RMEIIR LB TR 5 R
EHTREHEIER. LidR TN1 M#EL ASDT FEH €A HEBZIHHE &
b Mudgo bR, HUAAREMANEREHMRERZHENEWL, Serratia M
Arsenophonus B ZE RN, BUAX Chryseobactium B AMRAHE, RE 1 KZJE Serratia
1 Arsenophonus 3B R E T W&, (B3R ® T Chryseobactium, W T G855 Serratia
0 Arsenophonus ¥ CABEHRRA XK.

2) XKW RE-RH=EFZHENME K 16S (DNA JfF V4 X EKET
EIEEWNF, H5 16S (DNA $EEE#T X 4. KRBHEK. B CANMREIUE
MR LA 1] (Proteobacteria) IS H|] (Cyanobacteria) 4B AL HFE .
MFhEHORBE, HA TN1. ASD7 1 Mudgo /KFEHEERH 43 A1 165, 147 1 118
F; ¥ CE TNL. ASD7 fl Mudgo #E£4r 514 151, 166 A1 175 7 FEERE/NE
MBREEEHE SN 219 1222 . TR ERMIITERRELRIGRY, =
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RIDNC L B e L A5 S BAE ENBEESFEHA
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Al7 Al7 A4 Achromobacter Al7 Acetobacter A4 Abiotrophia
Achromobacter A4 Achromobacter Acidovorax Achromobacter Achromobacter Abiotrophia Achromobacter
Acidovorax Achromobacter Acidovorax Acinetobacter Acidovorax Acidovorax Achromobacter Acidovorax
Acinetobacter Acidovorax Acinetobacter Actinobacillus Acinetobacter Acinetobacter Acidovorax Acinetobacter
Actinomadura Acinetobacter Actinomyces Actinomadura Actinobacillus Actinobacillus Acinetobacter Actinobacillus
Actinomyces Actinomyces Actinotalea Actinomyces Actinomadura Actinomadura Actinobacillus Actinomadura
Actinoplanes Actinoplanes Aerococcus Actinomycetospora Actinomyces Actinomyces Actinomyces Actinomyces
Aeromicrobium Aeromicrobium Aeromicrobium Aerococcus Actinomycetospora Actinomycetospora Actinomycetospora Actinomycetospora
Aggregatibacter Aggregatibacter Aggregatibacter Aeromicrobium Aerococcus Aerococcus Actinoplanes Aerococcus
Agrobacterium Agrobacterium Agrobacterium Aggregatibacter Aeromicrobium Aeromicrobium Aerococcus Aeromicrobium
Agrococcus Agrococcus Agrococcus Agrobacterium Aggregatibacter Aggregatibacter Aeromicrobium Aggregatibacter
Agromyces Agromyces Alkanindiges Agrococcus Agrobacterium Agrobacterium Aggregatibacter Agrobacterium
Alkanindiges Alcanivorax Alloiococcus Alkanindiges Agrococcus Agrococcus Agrobacterium Agrococcus
Alloiococcus Alloiococcus Aneurinibacillus Alloiococcus Agromyces Agromyces Agrococcus Agromyces
Anaeromyxobacter Amaricoccus Aquabacterium Amaricoccus Alcanivorax Alkanindiges Agromyces Akkermansia
Anaerostipes Anaerococcus Aquicella Anaerococcus Alkanindiges Allobaculum Alcanivorax Alkanindiges
Agquabacterium Anaerolinea Aquimonas Agquabacterium Alloiococcus Alloiococcus Alkanindiges Alloiococcus
Arthrobacter Aquabacterium Arthrobacter Aquicella Amaricoccus Aquabacterium Alloiococcus Amaricoccus
Asticcacaulis Aquicella Asticcacaulis Arenimonas Aquabacterium Aquicella Aminobacter Anaerococcus
Azohydromonas Armatimonas Bacillus Arthrobacter Aquicella Arthrobacter Anaerococcus Aquabacterium
Azospira Arthrobacter Blastomonas Azoarcus Arenimonas Asticcacaulis Aquabacterium Aquicella
Bacillus Asticcacaulis Brachybacterium Azohydromonas Arthrobacter Atopobium Arthrobacter Arenimonas
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Balneimonas Azohydromonas Bradyrhizobium Bacillus Asticcacaulis Azospira Asticcacaulis Arthrobacter
Bdellovibrio Azospira Brevibacterium Bacteroides Atopobium Azospirillum Atopobium Asticcacaulis
Blastomonas Bacillus Brevundimonas Balneimonas Azohydromonas Bacillus Azohydromonas Azohydromonas
Bosea Bdellovibrio Burkholderia Bdellovibrio Bacillus Bacteroides Azorhizophilus Azospirillum
Brachybacterium Blastomonas Candidatus Blastomonas Balneimonas Balneimonas Azospirillum Bacillus
Bradyrhizobium Brachybacterium Candidatus Brachybacterium Bdellovibrio Blastomonas Bacillus Bacteroides
Brevibacterium Bradyrhizobium Candidatus Bradyrhizobium Blastomonas Brachybacterium Bacteriovorax Balneimonas
Brevundimonas Brevibacillus Candidatus Brevibacterium Brachybacterium Bradyrhizobium Bacteroides Bdellovibrio
Bulleidia Brevibacterium Candidatus Brevundimonas Bradyrhizobium Brevibacterium Balneimonas Blastomonas
Campylobacter Brevundimonas Capnocytophaga Bulleidia Brevibacterium Brevundimonas Bdellovibrio Bosea
Candidatus Burkholderia Caulobacter Burkholderia Brevundimonas Bulleidia Blastomonas Brachybacterium
Candidatus Campylobacter Cellvibrio Campylobacter Burkholderia Burkholderia Brachybacterium Bradyrhizobium
Candidatus Candidatus Chryseobacterium Candidatus Campylobacter Campylobacter Bradyrhizobium Brevibacillus
Candidatus Candidatus Clostridium Candidatus Candidatus Candidatus Brevibacillus Brevibacterium
Capnocytophaga Candidatus Comamonas Candidatus Candidatus Candidatus Brevibacterium Brevundimonas
Cardiobacterium Capnocytophaga Corynebacterium Candidatus Candidatus Candidatus Brevundimonas Buchnera
Caulobacter Cardiobacterium Devosia Capnocytophaga Capnocytophaga Capnocytophaga Bulleidia Bulleidia
Chromobacterium Caulobacter Dietzia Cardiobacterium Cardiobacterium Catonella c39 Burkholderia
Chromohalobacter Cellulosimicrobium  Dyadobacter Catonella Catenulispora Caulobacter Caloramator Calothrix
Chryseobacterium Cellvibrio Enhydrobacter Caulobacter Catonella Cellvibrio Campylobacter Campylobacter
Clostridium Chromohalobacter Enterococcus Cellvibrio Caulobacter Chitinophaga Candidatus Candidatus
Comamonas Chryseobacterium Erwinia Chitinophaga Cellvibrio Chromobacterium Candidatus Candidatus
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Corynebacterium Chthoniobacter Exiguobacterium Chromobacterium Chromobacterium Chromohalobacter Candidatus Candidatus
Cupriavidus Clostridium Flavobacterium Chryseobacterium Chromohalobacter Chryseobacterium Candidatus Candidatus
Deinococcus Comamonas Fusobacterium Comamonas Chryseobacterium Clostridium Candidatus Candidatus
Desulfobulbus Corynebacterium Gemmata Corynebacterium Clostridium Comamonas Candidatus Capnocytophaga
Devosia Devosia Haemophilus Deinococcus Comamonas Corynebacterium Capnocytophaga Cardiobacterium
Dietzia Dietzia Halomonas Devosia Corynebacterium Couchioplanes Catonella Catenibacterium
Dok59 Edaphobacter Helicobacter Dialister Cupriavidus Deinococcus Caulobacter Catonella
Dyadobacter Elizabethkingia Hymenobacter Dietzia Deinococcus Dermabacter Cellulosimicrobium Caulobacter
Elizabethkingia Emticicia Hyphomicrobium Elizabethkingia Devosia Desulfovibrio Cellvibrio Cellulomonas
Emticicia Enhydrobacter Janthinobacterium Enhydrobacter Dietzia Devosia CF231 Cellvibrio
Enhydrobacter Enterococcus Kaistobacter Enterococcus Dokdonella Dietzia Chitinophaga Chromobacterium
Enterococcus Erwinia Kocuria Erwinia Elizabethkingia Dokdonella Chromobacterium Chromohalobacter
Erwinia Escherichia Lactobacillus Erythromicrobium Emticicia Elizabethkingia Chromohalobacter Chryseobacterium
Exiguobacterium Exiguobacterium Lactococcus Exiguobacterium Enhydrobacter Emticicia Chryseobacterium Clostridium
Flavobacterium Fimbriimonas Legionella Flavobacterium Enterococcus Enhydrobacter Clostridium Comamonas
Flectobacillus Flavobacterium Leptotrichia Fusobacterium Erwinia Enterococcus Comamonas Corynebacterium
Fusobacterium Fusobacterium Leucobacter Gardnerella Exiguobacterium Erwinia Corynebacterium Couchioplanes
Gemmata Gemmata Limnobacter Geobacillus Faecalibacterium Exiguobacterium Cupriavidus Cupriavidus
Glycomyces Gordonia Luteimonas Gordonia Filifactor Filifactor DAI01 Deinococcus
Gordonia Haemophilus Luteolibacter Granulicella Fimbriimonas Fimbriimonas Deinococcus Dermabacter
Haemophilus Halomonas Marinibacillus Haemophilus Fusobacterium Flavobacterium Devosia Dermacoccus
Halomonas Helicobacter Marinobacter Haererehalobacter Gemmata Fusobacterium Dietzia Devosia
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HAW Hydrogenophaga Methylobacterium Halomonas Glycomyces Gemmata Dyadobacter Dialister
Helicobacter Hyphomicrobium Methylophaga Helicobacter Gordonia Gordonia Elizabethkingia Dietzia
HTCC Hyphomonas Methylotenera Hydrogenophaga GOUTAI9 GOUTAI19 Emticicia Dyadobacter
Hydrocarboniphaga Knoellia Methyloversatilis Hyphomicrobium Haemophilus Haemophilus Enhydrobacter Elizabethkingia
Hydrogenophaga Kocuria Microbacterium Janthinobacterium Halomonas Haererehalobacter Enterococcus Enhydrobacter
Hydrogenophilus Lactobacillus Micrococcus Knoellia Helicobacter Halomonas Erwinia Enterococcus
Hymenobacter Lactococcus Mycobacterium Kocuria Hydrocarboniphaga  Helicobacter Escherichia Erwinia
Hyphomicrobium Legionella Neisseria Lactobacillus Hydrogenophaga Hydrocarboniphaga Exiguobacterium Exiguobacterium
Hyphomonas Leptolyngbya Nocardioides Lactococcus Hydrogenophilus Hydrogenophaga Facklamia Faecalibacterium
Kaistobacter Leptotrichia Novosphingobium Legionella Hymenobacter Hydrogenophilus Filifactor Filifactor
Kocuria Leucobacter Ochrobactrum Leptothrix Hyphomicrobium Hylemonella Finegoldia Fimbriimonas
Lactococcus Leuconostoc Paenibacillus Leptotrichia Hyphomonas Hyphomicrobium Flavisolibacter Finegoldia
Lautropia Limnobacter Parabacteroides Leucobacter Janthinobacterium Janthinobacterium Flavobacterium Flavisolibacter
Legionella Luteibacter Paracoccus Leuconostoc Jeotgalicoccus Kingella Frigoribacterium Flavobacterium
Leptotrichia Luteolibacter Parascardovia Limnobacter Kaistia Knoellia Fusobacterium Fusobacterium
Leucobacter Lutibacterium Peptostreptococcus Luteimonas Kaistobacter Kocuria Gemmata Gardnerella
Limnobacter Lysobacter Pigmentiphaga Lutibacterium Kingella Lactobacillus Gemmatimonas Gemmata
Luteimonas Marinibacillus Pirellula Lysobacter Knoellia Lactococcus Geodermatophilus Gordonia
Luteolibacter Meiothermus Planctomyces Marinibacillus Kocuria Legionella Glycomyces GOUTAI9
Lutibacterium Methylobacterium Porphyromonas Mesorhizobium Lactobacillus Leptothrix Gordonia Haemophilus
Magnetospirillum Methylotenera Propionibacterium Methylobacterium Lactococcus Leptotrichia Haemophilus Haererehalobacter
Marinibacillus Methyloversatilis Prosthecobacter Methylotenera Lautropia Leucobacter Halomonas Haloanella

86



I e VA7

(R

M %

TKEG b o AT RE

TNI1 ASD7 Mudgo TN1 Fff ASD7 P Mudgo & AR/ THILA TG
Mesorhizobium Microbacterium Pseudidiomarina Methyloversatilis Legionella Limnobacter Helicobacter Halomonas
Methylobacterium Micrococcus Pseudoclavibacter Microbacterium Leptotrichia Luteibacter heteroC45_4W Helicobacter
Methylotenera Mogibacterium Pseudonocardia Micrococcus Leucobacter Magnetospirillum Hydrocarboniphaga Herpetosiphon
Methyloversatilis Mycobacterium Pseudoxanthomonas Mogibacterium Limnobacter Marinibacillus Hydrogenophaga Hydrogenophaga
Microbacterium Neisseria Psychrobacter Mycobacterium Luteolibacter Megasphaera Hyvdrogenophilus Hydrogenophilus
Micrococcus Nesterenkonia Ralstonia Neisseria Lysobacter Methylobacterium Hymenobacter Hymenobacter
Mycobacterium Nitrospira Rheinheimera Nesterenkonia Methylobacterium Methylophaga Hyphomicrobium Hyphomicrobium
Neisseria Nocardioides Rhodobacter Nitrospira Methylophaga Methylotenera Janthinobacterium Janthinobacterium
Nitrospira Novosphingobium Rickertsia Ochrobactrum Methylotenera Methyloversatilis Jeotgalicoccus Knoellia
Nonomuraea Ochrobactrum Riemerella Oribacterium Methyloversatilis Microbacterium Kaistia Kocuria
Novosphingobium Oribacterium Roseomonas Oscillospira Microbacterium Micrococcus Kaistobacter Kribbella
Ochrobactrum Paenibacillus Rothia Paentibacillus Micrococcus Mogibacterium Kingella Lactobacillus
Oribacterium Paracoccus Rubrivivax Parabacteroides Mogibacterium Mycobacterium Knoellia Lactococcus
Paenibacillus Parapedobacter Rubrobacter Paracoccus Mpycobacterium Myroides Kocuria Lautropia
Parabacteroides Pediococcus Ruminococcus Parapedobacter Myroides Neisseria Kribbella Legionella
Paracoccus Peptococcus Schlegelella Parascardovia Neisseria Nesterenkonia Lactobacillus Lentzea
Parapedobacter Peptostreptococcus Shewanella Peptoniphilus Nesterenkonia Nevskia Lactococcus Leptolyngbya
Pedomicrobium Phenylobacterium Solibacillus Peptostreptococcus Nevskia Niabella Lampropedia Leptothrix
Peptococcus Pirellula Sphingobacterium Phenvlobacterium Novosphingobium Nocardioides Lautropia Leptotrichia
Peptoniphilus Planctomyces Sphingomonas Pigmentiphaga Oceanobacillus Novosphingobium Legionella Leucobacter
Peptostreptococcus Porphyromonas Sphingopyxis Planctomyces Ochrobactrum Ochrobactrum Lentzea Leuconostoc
Phaeospirillum Prevotella Staphylococcus Porphyromonas Oribacterium Odoribacter Leptotrichia Limnobacter
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Phenylobacterium Propionibacterium Stenotrophomonas Prevotella Paenibacillus Oribacterium Leucobacter Luteibacter
Pigmentiphaga Pseudaminobacter Streptococcus Promicromonospora  Pandoraea Paenibacillus Limnobacter Luteimonas
Pirellula Pseudoclavibacter Streptomyces Propionibacterium Parabacteroides Pandoraea Luteimonas Lysobacter
Planctomyces Pseudomonas Tsukamurella Pseudoclavibacter Paracoccus Paracoccus Luteolibacter Marinibacillus
Planifilum Pseudonocardia Veillonella Pseudomonas Parapedobacter Parapedobacter Lysobacter Mesorhizobium
Planktothrix Pseudoxanthomonas  Weissella Pseudonocardia Peptococcus Parascardovia Marinibacillus Methylobacterium
Porphyromonas Psychrobacter Wolbachia Pseudoxanthomonas  Peptoniphilus Pedomicrobium Meiothermus Methylotenera
Prevotella Rhizobium Zhouia Ralstonia Peptostreptococcus Peptococcus Mesorhizobium Methyloversatilis
Prochlorococcus Rhodobacter Rhizobium Phenylobacterium Peptostreptococcus Methylobacterium Microbacterium
Propionibacterium Rhodococcus Rhodobacter Pigmentiphaga Phenylobacterium Methylophaga Micrococcus
Prosthecobacter Rhodoplanes Rickettsia Pirellula Pigmentiphaga Methylotenera Mogibacterium
Pseudoclavibacter Rickettsia Riemerella Planctomyces Planctomyces . Methyloversatilis Moryella
Pseudomonas Riemerella Roseomonas Porphyromonas Porphyromonas Microbacterium Mycobacterium
Pseudonocardia Rothia Rothia Prevotella Prevotella Micrococcus Mpyroides
Pseudoxanthomonas  Rubrivivax Rubrivivax Propionibacterium Promicromonospora Mogibacterium Neisseria
Psychrobacter Rubrobacter Rubrobacter Prosthecobacter Propionibacterium Mycobacterium Nesterenkonia
Ralstonia Saccharopolyspora Ruminococcus Pseudoclavibacter Propionivibrio Mpyroides Nevskia
RFN20 Schlegelella Schlegelella Pseudomonas Proteus Neisseria Nitrospira
Rhodobacter Serratia Serratia Pseudonocardia Providencia Nesterenkonia Nocardioides
Rhodococcus Shewanella Shewanella Pseudoxanthomonas  Pseudidiomarina Nitrospira Novispirillum
Rhaodoplanes Shinella Skermanella Psychrobacter Pseudoclavibacter Nocardioides Novosphingobium
Rickettsia Sphingobacterium Sneathia Ralstonia Pseudomonas Novispirillum Ochrobactrum
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Riemerella Sphingomonas Sphaerochaeta Rhizobium Pseudonocardia Novosphingobium Oleomonas
Roseburia Sphingopyxis Sphingobacterium Rhodobacter Pseudoxanthomonas Oceanobacillus Oribacterium
Roseomonas Staphylococcus Sphingomonas Rhodococcus Psychrobacter Ochrobactrum Oscillospira
Rothia Stenotrophomonas Staphylococcus Rickettsia Ralstonia Opitutus Paenibacillus
Rubrivivax Sterolibacterium Stenotrophomonas Riemerella Rheinheimera Oribacterium Paracoccus
Rubrobacter Streptococcus Streptococcus Rothia Rhizobium Oscillospira Parapedobacter
Ruminococcus Streptomyces Streptomyces Rubrivivax Rhodobacter Paenibacillus Parascardovia
Runella Syntrophobacter Tepidimonas Rubrobacter Rhodococcus Paenisporosarcina Patulibacter
Saccharomonospora Tetragenococcus Tetragenococcus Runella Rickettsia Parabacteroides Pedobacter
Schlegelella Treponema Tetrathiobacter Saccharomonospora  Riemerella Paracoccus Peptococcus
Shewanella Tsukamurella Thermomonas Saccharopolyspora Roseomonas Parapedobacter Peptoniphilus
Shinella Veillonella Thiobacillus Schlegelella Rothia Parascardovia Peptostreptococcus
Solibacillus Wautersiella Treponema Sediminibacterium Rubrivivax Patulibacter Phaeospirillum
Sphingobacterium Weissella Tsukamurella Selenomonas Rubrobacter Pedobacter Phascolarctobacterium
Sphingobium Wolbachia Veillonella Serratia Ruminococcus Pedomicrobium Phenylobacterium
Sphingomonas Wautersiella Shewanella Salinispora Peptococcus Phormidium
Sphingopyxis Weissella Skermanella Schlegelella Peptoniphilus Pigmentiphaga
Sporosarcina Wolbachia Sphingobacterium Selenomonas Peptostreptococcus Planctomyces
Staphylococcus Zhouia Sphingobium Serratia Phenylobacterium Planktothrix
Stenotrophomonas Sphingomonas Shewanella Phormidium Porphyromonas
Streptococcus Sphingopyxis Skermanella Pigmentiphaga Prevotella
Streptomyces Staphylococcus Sphaerochaeta Pimelobacter Propionibacterium
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Succinivibrio Stenotrophomonas Sphingobacterium Pirellula Prosthecobacter
Sulfurospirillum Streptococcus Sphingobium Planctomyces Proteus
Tepidimonas Streptomyces Sphingomonas Porphyromonas Pseudaminobacter
Thermobispora Terriglobus Sphingopyxis Prevotella Pseudochrobactrum
Thermomonas Treponema Spirosoma Promicromonospora Pseudoclavibacter
Treponema Tsukamurella Sporosarcina Propionibacterium Pseudomonas
Tsukamurella Veillonella Staphylococcus Propionicimonas Pseudonocardia
Veillonella Wautersiella Stenotrophomonas Prosthecobacter Pseudoxanthomonas
Vogesella Weissella Streptococcus Pseudaminobacter Psychrobacter
Wolbachia Williamsia Streptomyces Pseudidiomarina Ralstonia
Zhouia Wolbachia Tepidimonas Pseudochrobactrum Rheinheimera
Zhouia Terriglobus Pseudoclavibacter Rhizobium
Tetragenococcus Pseudomonas Rhodobacter
Treponema Pseudonocardia Rhodococcus
Tsukamurella Pseudoxanthomonas Rhodocyclus
Veillonella Psychrobacter Rhodoplanes
Wautersiella Ralstonia Rickettsia
Weissella Rheinheimera Roseomonas
Wolbachia Rhizobium Rothia
Xanthomonas Rhodobacter Rubellimicrobium
Zhouia Rhodococcus Rubrivivax
Rhodoplanes Rubrobacter
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Rickettsia Ruminococcus
Riemerella Rummeliibacillus
Roseomonas Saccharomonospora
Rothia Saccharopolyspora
Rubellimicrobium Schlegelella
Rubrivivax Serratia
Rubrobacter Shewanella
Ruminococcus Shuttleworthia
Rummeliibacillus Skermanella
Saccharopolyspora Sneathia
Schlegelella Sphingobacterium
Sediminibacterium Sphingobium
Selenomonas Sphingomonas
Serratia Sphingopyxis
Shewanella Spirosoma
Shinella Sporosarcina
Sneathia Staphylococcus
Solibacillus Stenotrophomonas
Sphaerochaeta Streptococcus
Sphingobacterium Streptomyces
Sphingobium Sutterella
Sphingomonas Tannerella

91



L K222 A 3 (8=

(&L
KEE S BEE RE

TN1 ASD7 Mudgo TN1 3§t ASD7 FhEf Mudgo Fh ¥ RN A T ERT W
Sphingopyxis Tatlockia
Staphylococcus Tepidimonas
Stenotrophomonas TGS
Streptococcus Thermomonas
Streptomyces Thiobacillus
Tepidimonas Trabulsiella
7G5 Treponema
Thermomonas Tsukamurella
Trabulsiella Veillonella
Treponema Wautersiella
Tsukamurella Weissella
Veillonella Wolbachia
Wautersiella Zhouia
Weissella Zymomonas
Williamsia
Wolbachia
Xanthobacter
Xanthomonas
Xylella
YRC22
Zhouia
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