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Research advances in the diversity of symbionts in the brown

planthopper, Nilaparvata lugens ( Hemiptera. Delphacidae)

SHENTU Xu-Ping”, SHI Jia-Teng”, SONG Yang, YU Xiao-Ping" ( Zhejiang Provincial Key Laboratory of
Biometrology and Inspection & Quarantine, College of Life Sciences, China Jiliang University, Hangzhou
310018, China)

Abstract; There are a large number of symbionts in the brown planthopper (BPH) , Nilaparvata lugens
and these symbionts exhibit the diversity not only in their species but also in their functions on hosts. Up
to now, 19 and 53 genera of symbiotic fungi and bacteria ( sequencing abundance >0.1% ),
respectively, have been identified by using molecular biological methods and high-throughput sequencing
technology, but plenty of symbionts remain unknown in taxonomic status due to technical limitations and
their unculturable characteristics. Symbionts play vital roles in the life activities of BPH including the
growth , development, reproduction, nutritional metabolism, resistance variation and immune function,
and various symbionts have different functions. The symbiotic fungi are mainly involved in the synthesis of
sterols and essential amino acids, while the symbiotic bacteria mainly take part in the synthesis of
vitamins. The symbionts have important influence on the virulence variation, the development of high

resistance to insecticides and the reproduction of host BPH, but the molecular mechanisms have not yet
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been clarified. In this article we reviewed the diversity of symbionts of BPH and prospected the focal

points of future research including the species identification of symbionts of BPH, the functional studies of

specific and single species of symbionts, the diffusion pathway, diffusion species and regulatory

mechanism of symbionts in different tissues of BPH, and the control of BPH using symbionts as targets.

Key words: Nilaparvata lugens; symbionts; species diversity; functional analysis; taxonomic status;

biocontrol

#5 K&\ Nilaparvata lugens J&>}-1# H ( Hemiptera )
“CEP( Delphacidae ) , 52— 7h H LUK RS 58P A= F 7)
B FRT W A B Y A B S AT R L (Xue et al.,
2013) . HAT, # CEE A 1 X 5 32200 5 1
Z—(BFEMBIG A, 2017) , KPG8 F 24K
1T Wi T A 2 R BT K AR b o Al 24
REA Rl VA & A (EACHH LR R & B —F
A Hb AT A 27 ) O™ S G T I (R
AT A b 3 i 14 G2 2% B AR b 2l
P KA A RR TR R i AR SR04 52 4
5%, (HAE I 5 /K R S L Ao B DAY 2o A
o HECENE R A T AR S BUEHET AT R A
PR AT HE (Lu et al., 20045 PRIGSE, 2009)

AR TR TR B H B K R A s i T2 R R
A0, W05 B IR IR ) Z I Re 4R B " (Henry el
al., 2015 ; 7 LIE4E, 2016) o 5 H A0 = L U
], 5 CEWAR N & A K AR T, 2 LSS b
A= T (yeast-like symbiont, YLS) >k 3= i 4k A= B
DL K & M T8 J&  Arsenophonus F1 IR /R [ 32 [K 1K
Wolbachia 2 R0 M A 4 B& ( Tang et al., 2010;
JEHIAE, 2014) o BFSERM], R FE 9 AR W TET)
AE BRI EAT Z A0, AR I 7e s R E 2R K&
B VB B AR ey S £ )y T RS B 28 OC H AR
(R RS, 20145 Ju et al., 2020) . S5 AHBFSEIIE
SEL A CEU BT PR DL R ECE M R T S AR
R B AEW A E A IR (Lu et al.,
2004; #ifEE, 2013; BIh4E, 2019), # RE(P 3L
A RAFTE IR AL 2 IARAR W R A 22, 3
ARk T N LA IR IR AR LA B ™ A B I
BT A AR, X O AR TR RS R EUAR [R] 41 21
Z A4 B e DR A F 9T 34 T 5 7] ( Zhang et
al., 2019) . HH#H CaEILA: WA ZHEEDFR £
BRI AW O M il P HOR . AT
gk TR REUA A R R R DL BT D AE I
G g itk — 20 P B A TR LA AR T S e T A O R 4
S5 HIUE B

1 HEEERLEREHRR

1.1 BRYEANEERR

AR 20 40 60 4EAX, Nasu (1963 ) 5 A K &L
HEFS R AR 43 B B T — R BERE () 22k R RIS
WERILAE T (YLS) |, JF XS HOE kAT Tk, #F5%
WESE 4 CECE A BRI ARl — PR 2L, B 50
T AW BRI e LA K v 308 5 0 P R R B )
FH 48 REUE R DA | O 545 2H 2 b llok i 2 1Y
AR PG M 2B ([T ARAEE, 2018 E R A,
2019), Noda Z£(1995) B X% 18S tDNA [FHI/E
S H A, e BN A R AT A B A E , K
WH 5 7 2 W W] ( Ascomycotina ) #% Td 4¥
( Pyrenomycetes ) 2 £ 7 H ( Clavicipitales ) 1) 45 ff %
BL B Hypomyces chrysospermus %% 5= Z it . J5 &k
A A R AT HGE T T % B Noda 7E3X
5 T ) B R DTk, W T AR Kl Noda B, BifS Suh
S5(2001) 7EH I FoKs YIS 5 HAb B s J5t i it
T FikA YIS J§ T &+ 4% W
( Euascomycetes ) A JFE B H ( Hypocreales ) % ffi B #k
( Clavicipitaceae) . AP, TEFE 2 (2009 ) B UGl i
YR H 3B B IR 5 1 A R ELBR b s 2 3 T
TRAT F 1 B Sterigmatomyces halophilus F1f# g W %
it Yarrowia lipolytica Wi ¥R WA 2L A= B, 1 &5 1
(2013 ) X455 WU AR 17 145 s 20 00 e 43 A
BI A S A7 AR K T 1 T 9% T, 3 DA T I 5 1 44
REEEE R AR AT O T E AL A T 10, H
i, e RV P 4 O il i A= FUTE G
J#>0.1% )24 19 J& (3£ 1) , o Noda T\ HE IR EE
#J&@ Pichia | [23REEEE)E Cryptococcussp AR 22 e+ )&
Candida FV. 2 R} & Yarrowia “F 46 K EUA IN 1 5
DA A
1.2 #BREENEERE

AHEE T A R, M ELE A A R A AT 2D
B (H BE A AR A B A ) 2R 4R
U T A DA 1 2 FEE R ST R 2 ILARGE . BT R
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®1 BEAGHNHEER(NFEE>0.1%)
Table 1 Symbiotic fungi in Nilaparvata lugens ( sequencing abundance >0.1% )
WFh YERE Tk F EENL 225 3k
Species Identification methods Host localization References
18S rDNA F31 43 #r -
Fat bod Node L., 1995
188 rDNA sequence analysis BEI7 & Fat body oda et al., 199
18S rDNA 34173 #r1
Noda * ' SRe BE W5 Fat body Hou et al., 2013

18S rDNA sequence analysis

qRT-PCR

Ji i & Fat body, il # 2
Hemolymph, sk Head

A MRAEESE, 2018

B B8 Yarrowia 5 S 20 Transcriptome sequencing JiE {4 Fat body A%, 2013
g 4
A Ny RS 26S tDNA J¥ 51534t i Feg IR SE | 2009

Yarrowia lipolytica

26S rDNA sequence analysis

T L& Sterigmatomyces

FE S ) FF Transcriptome sequencing

SR Fat body

i, 2013

wgEh R 26S rDNA 14

H AR ’ iDNA SR Bibk Fgg mass SKER RS, 2000
Sterigmatomyces halophilus 26S rDNA sequence analysis

Yokt @ Pichia 5 S 4H 7 Transcriptome sequencing EifAk Fat body &g, 2013
B YN 25 18S rDNA £ 5. 8S-ITS rDNA #5434

Pichia guilliermondii

Sequence analysis of 18S rDNA and 5. 8S-ITS rDNA

fEIifA Fat body

Dong et al., 2011

BRBREELEJE Cryptococcussp

18S tDNA i1 5. 8S-ITS tDNA #5147

Sequence analysis of 18S rDNA and 5. 8S-ITS rDNA

Jig Ui Fat body

Dong et al., 2011

22t JE Candida

ik S P Transcriptome sequencing

SR Fat body

i, 2013

Titiflbe 22 1 B

Candida quercitrusa

18S tDNA 01 5. 8S-ITS tDNA 51437

Sequence analysis of 18S rDNA and 5. 8S-ITS rDNA

18S 1DNA JF3143#
18S rDNA sequence analysis

SR Fat body

SR Fat body

Pang et al., 2012

Hou et al., 2013

18 MR EZREJE Debaryomyces

5 S0 I Transcriptome sequencing

WA Fat body

HiEEE, 2013

DU 7 ) e R

Debaryomyces hansenii

18S rDNA 3143 #r
188 rDNA sequence analysis

SHiA Fat body

Hou et al., 2013

% k)& Saccharomycetales

PCR-DGGE

5.8S-ITS rDNA JF5153#7
5.8S-ITS rDNA sequence analysis

RE W5 Fat body

Hou et al., 2013

F S 20 Transcriptome sequencing i Gut &iF#E, 2013
ITS J¥%1 53 #7 ITS sequence analysis 18 Gut FERBE 2019
T YRR Kluyveromyces
1} S8 Lodderomyces
ZIFEEZ L)@ Schizosaccharomyces . ‘
;*%M 1% Scheffersomyces g H AL P Transcriptome sequencing IR A Fat body & ifEFE, 2013
JLIREEHREJE Vanderwaltozyma
A WREE Zygosaccharomyces
T F @ Penicillium
W R Wallemia
JH %R )& Capnodi
HL52J Capnodium ITS J# 51341 ITS sequence analysis i Gut TRE 2019

TSGR,
Pichia guilliermondii

IR0 1 & Malassezia

“ Noda % (1995) 748 KEUA PN XK E 15 3] 125l B 2 2E Tl Yeast-like symbionts identified in N. lugens by Noda et al. (1995). PCR-DGGE; PCR-
A Ao B E S H Ik PCR-denaturing gradient gel electrophoresis; ITS: Py#% 5 [A] 7 X Internal transcribed spacer. |~ [A] The same below.

W, 6 KBV IE AR AR R BR 1A AE T il [ e
A O A L K B SR R o o A (R WA, 2014,

Zhang et al., 2019) , BYE 21 4297, Wolbachia %
PR BUAAAE T8 CEUAR N (H i 55, 2000) , BE 5
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WhsiAy B 223 A S R EUR N B 2 . (B T
B RE AN 2 IR, R R R AR
SE , RN RI BB B R AS [l M OK R A6 R
PR LA AR R AR SEA S AR R . HRT7ERS R EUA A
WSEIFARIE (T >0.1% ) i3 ENMEC A 53

MN&E(FR2) , Hp Wolbachia . 7% HETH J& Arenophonus |
[T J& Enterobacter \ NS FT 1 J& Acinetobacter | 2
AT i s Bacillus 0 75 1 J& Serratia H1 g 2 141 J&
Asaia 6 REUAR Y H LAY AR 0T

F2 BEAGHEEAR(NFEE>0.1%)
Table 2 Symbiotic bacteria in Nilaparvata lugens ( sequencing abundance >0.1% )
Y YETTH A FENL EZ BTN
Species Identification methods Host localization References
RIR L TG4 wsp FFFIIMT wsp sequence analysis WA Fat body A, 2000
Wolbachia wsp FEHIA3HT wsp sequence analysis #% i1 Whole BPH JHH T, 2013

16S rDNA F41) 341 16S rDNA sequence analysis

%38 Gut

TR, 2011

RMER B Arenophonus

16S tDNA 5 F143:#r 16S tDNA sequence analysis
PCR-DGGE

16S tDNA 314047 16S rDNA sequence analysis
165 tDNA JE514}H7 16S 1DNA sequence analysis

#% 1 Whole BPH

WiE Gut

il Gut

5H 85 Ovary, EIJifA Fat body

EA, 2009
B4 , 2014
Malathi et al., 2017
Zhang et al., 2019

WFF iR J& Enterobacter

16S rDNA J¥:51 53 #7 16S rDNA sequence analysis
16S rDNA 531434 16S tDNA sequence analysis
16S rDNA J¥51 5387 16S rDNA sequence analysis

# i Whole BPH
73 Gut
YU Ovary, JRIV{4 Fat body

WL, 2009
FEA, 2010
Zhang et al., 2019

BT S0 473 B AT

Enterobacter asburiae

ARDRA
16S rDNA J¥%1 53 #7 16S rDNA sequence analysis

#% i1 Whole BPH
WiE Gut

Tang et al., 2010
Malathi et al., 2017

ZH & Pantoea

16S rDNA J¥51 537 16S rDNA sequence analysis

#% i1 Whole BPH

S, 2009

W B2 W Pantoea ananatis

16S rDNA 731434 16S rDNA sequence analysis

W6 Gut

Malathi et al., 2017

Y E Serratia

16S rDNA J¥51 537 16S rDNA sequence analysis
PCR-DGGE
16S rDNA J¥%1 53 #7 16S rDNA sequence analysis

#% i1 Whole BPH
Wi Gut
i Gut

FIEES, 2009
Malathi et al., 2017
FRHE, 2019

S HNIF B Aeromonas
AN G Acinetobacter

16S rDNA 75143471 16S rDNA sequence analysis
ARDRA

# i Whole BPH
# i Whole BPH

EIRESE, 2009
Tang et al., 2010

WK B Aeromonas hydrophila

ARDRA

# it Whole BPH

Tang et al., 2010

BURBHAT I Acinetobacter soli

16S rDNA 731434 16S rDNA sequence analysis W73 Gut Malathi et al., 2017
L [CRBIFTE Acinetobacter lwoffi
X SCEC T J& Erwinia
L HFTHE Chryseobacterium 16S rDNA J¥51 53 ¥t
’ " Jifi Gut A, 2010

TR B )& Actinobacterium
I BT B Brevundimonas

16S rDNA sequence analysis

R L34 R T

Brevundimonas diminuta

ARDRA

# it Whole BPH

Tang et al., 2010

ERIRHER R Azospirillumm
G HFFHJE Ochrobactrum
IR R Herbaspirillum
MEHEE Comamonas
H KT & Leucobater

16S 1DNA #3150 #r
16S rDNA sequence analysis

%38 Gut

FHEFE, 2011

BEMR 8 Asaia

16S rDNA #4134 16S rDNA sequence analysis

YR EL Ovary, JgHi{& Fat body

Zhang et al., 2019

Asaia krungthepensis

T ST I Transcriptome sequencing
ARDRA

#% i Whole BPH
#% i Whole BPH

Ojha and Zhang, 2019
Tang et al., 2010

ZERUMT R

Exiguobacterium acetylicum

ARDRA
16S rDNA #4131 16S rDNA sequence analysis

#% i Whole BPH
%38 Gut

Tang et al., 2010
Malathi et al., 2017
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£55% 2 Table 2 continued
Wb Y SE T A ERENE EZ BTN
Species Identification methods Host localization References
TR LT R

Haemophilus parainflfluenzae

JUR AT B

Brachybacterium arcticum

ARDRA

# 1 Whole BPH

Tang et al., 2010

HEFRTAJE Streptococcus

16S rDNA J¥51 537 16S rDNA sequence analysis

B &L Ovary, itk Fat body

Zhang et al., 2019

WEVRAEBRE Streptococcus salivarius

ARDRA

F& it Whole BPH

Tang et al., 2010

B4 5 B PA U T )R Sphingomonas

ARDRA
16S rDNA 731434 16S rDNA sequence analysis

#% 1 Whole BPH
YR Ovary, JEi1& Fat body

Tang et al., 2010
Zhang et al., 2019

AH & Arthrobacter
RIERE 8 Paracoccus
ZER N Stenotrophomonas

ARDRA

# 1 Whole BPH

Tang et al., 2010

AT JE Bacillus 16S rDNA #4131 16S rDNA sequence analysis i Gut Malathi et al., 2017
[AiE Gut &4, 2010

EREZEHIAF IR Bacillus cereus

16S rDNA #4134 16S rDNA sequence analysis

G EL Ovary, JEHG{A Fat body

Zhang et al., 2019

AR ZE AT Bacillus circulans

PCR-DGGE
16S rDNA #4173 16S rDNA sequence analysis

WiE Gut

Malathi et al., 2017

MW ILAE 8 Cardinium

BEBLINE Vibrio cholerae
TEIR T BB Delfiia acidovorans
AR TR 2 FUAF B Lysinibacillus

16S rDNA J¥%1 53 #7 16S rDNA sequence analysis

i Gut

Malathi et al., 2017

BRI B Staphylococcus

16S rDNA %31 4341 16S tDNA sequence analysis

YU Ovary, R4 Fat body

Zhang et al., 2019

WA BB A ERE Staphylococcus sciuri

PCR-DGGE i Gut Malathi et al., 2017
ABEF R BRE Staphylococcus xylosus Wit Gu alathi el a
SR EREE B Chryseomicrobium
FEAR G )& Morganella 16S rDNA 731434 16S rDNA sequence analysis W36 Gut Malathi et al., 2017
BTG B Weissella
Jil Gut ERHS, 2019

FUTHE Lactobacillus

16S rDNA JF31 4341 16S tDNA sequence analysis

&L Ovary, itk Fat body

Zhang et al., 2019

T J& Microbacterium
[ CAT IR Barnesiella
HIHEREFF R B Gluconacetobacter

16S rDNA J¥%1 53 #7 16S rDNA sequence analysis

i Gut

FERHE, 2019

AT & Carnobacterium

JL B % & Cronobacter
HREEFUFT R Paenibacillus
W ERTE)E Enterococcus
A8 Pseudomonas
W ZEFUAT R Geobacillus
HH H ER B )@ Leuconostoc

16S rDNA 731434 16S tDNA sequence analysis

G £ Ovary, A Fat body

Zhang et al., 2019

BARFFH & Corynebacterium
By G 8 Moraxella

B IR ErE HJE Ralstonia
3L 8 Massilia
WNIRFTH & Cutibacterium
W1 @ Thiobacillus

Yefs IR & Escherichia
RATHE)E Fusobacterium
THER & Micrococcus

i 2B I Transcriptome sequencing

F& it Whole BPH

Ojha and Zhang, 2019

ARDRA ; ¥ #94%6i1A& DNA FR¥E 2387 Amplified ribosomal DNA restriction analysis.
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2 WBREMERNEEFERINEE

2.1 EFIHE

2.1.1 A EEESEY o A0 CE S A R i —HE T
A [ B DK B [ 7 R — Y S PR
HICHE B rh AR A A i 2 i b Y B B, I
R, 4 RV P 09 I8 [ B S AR e A TR A
BRIRR W AR (R E R [ B R
i Z K (Noda and Saito, 1979) . Xue %5£(2014)
TE 58 U 4 R A 43 A 0 A 30, 4R L
RIZH 5 AR Y YLS g 35k 8] 2 7 [ B2 ) o 45 ol i
M E R AN, AN YLS FER A gt C-22 it
IR I N ERGS Je A T 0 XRAE, Ik YLS Jiik
B B BT 0 2 A TR e T SR AR ] 7 ) & A
§-5,7,24(28) - =7 W i w8 K ELDA S YLS SEpH 2
W BRI 7 - U 5 Bk B (ECT. 3. 1. 21) F S
M 24-C HRLAL RS (EC2. 1. 1. 41) B2 5 4 U
[T P2, PRI MR IRI 20 2 - UESE T Wetzel 55 (1992)
TE QTR PR ASE 00 Z81) T [T P AR 0 AN 381 22 [ e ) B
B0 YLS BEPRZH vh & nl 22 A [ 1 1 B PR 98 742, AT g
JE B YLS Jo ik IE 5 B0 5D T X LA 25 4k 15
TR EE RN Z — (i, 2015),

2.1.2 TR 45 CER R TCTE MK AE T
W AR AT 20 Ff 2 B R A Sy HLAE 4w 1% B i AR
EFRYIIT, K, 4 € R 2 B el A 3
AR T TR W 2 R . 5 4 (2001 ) K B
T T A B R B AR 0 B SR TR TS N 8
Fvh 5 Z EE IR 78 FR WU 57, PIAL S8 T BAH 1L b
F AR, BEH YLS i/ 30 8 Rl a B R A i)
D, N sZm T LA AR AR, FEE
(2005) i — T R I, T 24 FE IR I ik 2k — 22 72
JE b Refg e RS K EL YIS 395, il it YIS &k
W IR AN AR X SO MR T oK . el i
T 35 SRl B s 1 e LA B 194 5 PR 2 ey e LA
Ty A b s E R , (7R YIS JEpI g rp A
JEI T S8R N R AR B R P 3 R AE IR B T
YLS 75— E R B FikAh 74 CETCE Bk HL
s B Tk G R T R R Y B G (Xue er al.,
2014) , #RIM , Zhang 55 (2019 ) X4 € &8I 74 LA K
PS5 A A EAT KEGG 3 B8 #7048 L iR
AR LA B AR A i 5 — & 1) KEGG 3 %, T
A R EUIT S ) S R A Rt 5 LA P A A A
ARG AEEAARATL ] 05 A B 1T, 0 e A 40 7 7 3k 26 5

FETR G 1 B 0 A B R - PR AR

REEIRE B2 CEE SR A ) — k5. B
RENH CAE YIS FEARXTEA B E FBA T4
FIRE 1. YLS fig 54 CEl— X /7 e CEUIE I
PRAH M A PRERIEAT R, W3 B A A R G R
Fa R fh i L B SR, P AR — A SR
()2 R B G T B0 A A B &k (e A,
2015) o J3 4k, Xue 45 (2014 ) i % 3 AE HoAth B UKk
PRI 20 v 8 A 20 T4 R USRI 4 b ) ) DR T i
AYBEDA, i Abast B8 i AN SE PR Y ) BR Bl RS (8 T
HAEIRER T AWHER A IGO0 N B A i SR R 1)
PEARFI o X — & B A PR A RS T 70 3 B DL K o
B YLS rf # BE R I 2 PR B2 G N M 0 B4
(Hongoh and Ishikawa, 1997) , #5 K& YLS A
ZHE T R AR B IR IR L M e A R 2, Itk —
WAL T LR A T T B RTAR (B 2 R A4+
AWENE) o
2.1.3 G4 R EREN—KIEFRY R,
[FIRE SRS CEVE TG ST T 1Y . R 5B gt 2R
R, 4 REUE DA N A HETRE Arenophonus 3% 25t
A AHTR & A SR RE N B R YE AR KA BGE B XA
AR CELS YLS JE 4 b k2 1Y (Xue et al.,
2014) . Ju 55(2020 ) Xi 4 CEUA PN 5 — 5 DL B3t
AT Wolbachia JEPI 41 43 # & 90 H BAT 58 2 4k
AR B, M1 B, (EY & BGE B IF H i — 2k
W1 T /b Wolbachia H# CEVUA N 4EA R B, Fl B,
TEDERIK, XULH T Wolbachia 5 Arenophonus
TER REURN B AL DI6E, AT DL 46 a4
Bt B YA, 5 55 (2013) KLY Wolbachia
Y5 Arenophonus TEHE B A Y EA AL 09 A= 2547 H.
HRTE R RRX RN A .

iy REUA N LA TR E SR D Re R 18] 1,
2.2 HEEZREINEE
2.2.1 #y CEEEMA R S F U AKREE BTG
e QAL A AT B, Aok — ELHIG 5 4 R EUEE
PEAR SRR . BFSE R, 48 R EVA R YLS 5 E
FPEAR % UIAR OC (B PB4, 20015 Lu e al.,
2004) . HsgH AT RV REIESE T 4 R EL N AR T
HHHERZFMEE LR, HIFF(2013) EH
Mudgo Hi /K F 1] 57 1Y 4 R B M RE Y Wolbachia 1)
VARSI T L, 9 HELAG B = i 34 B g
Vi Wolbachia 7E45 CHIE N Mudgo Hip P /K fg1d 2
H CEEVE T o OB R BTHK R L A 14« EU
T A A AN S DA S FEAAAE B 28 Ak (£ R H
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LA 44 Symbiotic bacteria (ES)
482 U7 Symbiotic fungi (EF)
48/ U7 Symbiotic fungi (EF)
SRR Amino acids (AA)
#f4= % Vitamins (V)
[E Sterols (S)
B PR s 415 Fat body or gut tissue etc

K1 4% REW(BPH) (AN IR RS SR D RE s A

Fig. 1 Schematic diagram of nutritional functions of symbionts in Nilaparvata lugens ( BPH)

4, 2019) , I H W& 4 CEOGHT 7K Fd ) g 1 3
5, HF A8 S A 4 2 RE AR R Bk T
R X U] T R ECE A2 e 5 ARy A
WL FEM A b 5% ( Wang et al., 2015; Ojha and
Zhang, 2019) ., SRR TR 22 FE 1 52 i 4l 6 mUBCHE
PR ) BARBLIRATS R B
2.2.2  #y REPTE TR AT AR R ORI B A A
KEUE HATRATT B TB, SR A ] ke e b
Bl CE L2 AR 2 A TR L. BT,
TREWPT M SR Y G R LA i B A B AE
MPEFDRFE R . 22 4 (2010) 7RI 1 AT )
Ab B () 7K AR B A4S B T s o B TR R
FIEASE) T — A SR8 Acinetobacter 21T , 13
W T NSl T 20 A PT R mUGT s Ui 7 AR Bt
PER R 22—, Malathi 55 (2018 ) W 75 57 S 2 A 471
PR CEVRRRE B S A AN SR R A T R I T
fREEDIRERY HE IR . SR TT, Zhang 45 (2018 ) XJ 45 K &
P FE) 0P A R LA % S 0 2 e A g A A 40 T
ATLIRE 3BT A 3, 33k I 104 fige 2 A4 QAR O
R PR RA VAT W 3 25 S, W) M i 2B RO AR 2
B2 54 WAl i fE . % (2019) ) H
RIS B3 ()45 R EURP R fS , i B0
bt s AR A5 7% R R A I8 5 1 o, i I R e '
i PCR 20 AT W1 2% TR0 A 38U/ 48 R WA JbE T A S-
R T AN (2,28 PASO 3ok S 3 il 1% T o, [] it
HATH Arsenophonus I Acinetobacter 1Y) +% D1 434 i
R, AMITE EPUE T4 CEU LA R A 5 T
# CER RS, 1T Pang 55 (2018) ) B S &Y
%) Arsenophonus AR R A A 40 1 Arsenophonus B

g AT UGS HORI A BTk e sk 21 DL R AR )
o3 AT 45 5% S s S e S Y Arsenophonus ()48 K LT
S RCERE 7 R R
2.3 MEEEHENIT

iy R EG K R AL 9 fe T BRI R
ZHRE AR BEN LR, FAE 20 fib4l 80 44X,
Lee 1 Hou (1987 ) wftif ik i ik LA K 45 T g A B4R &
VA ON , 2550 & AL B A R ek Ak, o — 20
SR, FEURIR A SO 4 CEURG & & LLAIR
o KB R A A G, I IR
S3AAZBE, TR 1 A= TR 52 e vl L 1Y 658
Ja S 58 & B, 48 R EUIR I AR N Y O B R AR
(vitellogenin, Vg) 75 H I fit & B B Be e 8 24
AR TR A 3 EL A8 S5 IR Vg 7ERT 28 L HA
2 AR OCPE (R EDEE, 20165 F/hJE, 2019) . B
i B 45 (2001 ) D) SR FH MR B ok A e 4 4 R mL 3 AR
AR D 25 R W, AR T ECR D 14 EUE
B EARE A R DL B AR A S B A
G R KFEAR LL IS 3 R R, AN, RS R BAE K
AR AN ILA 4 TE Wolbachia BERE ™ A= 4EE R B,
FUB,, DT B 42 38 i fg = 89 7 00 7 (Ju et al.,
2020) ,

3 NESRE

SR RS R A A TG S R R T R
AIPET . 48 R EUA P B 3EA: T R R w3k
BRI A 2 TR 2 A, T AS R 2R A S A R A R A
Rl A DI RE , 45618 KRN U . R,
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WFFE e R AR B A 2R, RS MR AL T
R S KRR R B A EEE L, B
A, M CEAN A W AR R E 2 US T — &
AR, JE R BT il 20 P B 19 A e ok e
Z LA TR 7 M W WA, (LTS SR A A 2 8 40 3
A TR S ARk 2 ] el ik o R S g o

e, WA N B ERAT 2 0 R A T AT R
B ANFBER AR A E B Be AR LR A [F]
PRARFE A RPN A 48 R RV N A R A
FAAEZESE? WSRO, AR 22 S LA, o LA
fraeder AR T s REAR N I, &
XA BRI R A 6 A o AR AT R,
MR 5 A B8R ) 3 A BT A 22 57, Rt — 2B A3
AT B AN AR B T A S T2 XA R B
A B2 A B SR

o T A — R AR TR Y D REBIE ST AR A
ME E BRI WY RERIBIF AT T2 B AE R A
BRE X8 REUA A, i T4 L YLS f 25 [N 2 dikt
KT ZRBAA PR AR FEAN DG A L (X, J0 3% I 2 1
AR EGE , NS 1 R RS G AR B B o
PAorBsiEgR . Ak, 4 R SO RE I B 2R T B
FET W RPSEBRBIFE fh A i BEPAF IO TR A KL, 1%
PP T D AT 5 SO LA e — b 238 A T Y D REEA T
BRI o H AT A T A ZR A BB R R AR
TESTIE A B B 5 vk A7 36 28 B D) BEF 5T (Pang et
al., 2018; Ju et al., 2020) ,{HIX PiFh 5 B8R 76—
SE BRI o AR R AL PRER T AN RE MR 2548
TP B B —BEAR I, AEAE e 2R AR 5, B A
FFAREFAT AT HUAR BA7 A5 22 57 (1 P 4L LR
AbFRAH , WA TCTA UL AR R B A KR e b Bl
BB R O LR RS DR . IR TS
JTAS B HERE 2RO, DR O LB /DN, 2
X A/INE B FR G i R S DT R AN IR I A SR A T
DCHRAEAMERE RBARK, — AN Ot BN [F)
I AR B A A T I A X A TR L AT RE RS A B I
1113 A EAL 11 JEE 23 A BE B AR 7 (0 BT AR AN 230 A
RERNZE WX T (R A SR A 1) (9 D e
FHLCRI A LA e T B Al T 5 iAo
AN [ e R BRI Hh AR JBC T iAR 2 5 3 5 — 4 Rl
AR (ELIIL IR E2 PP o AN A BB TS B A 3
AT ST AR AT AR AR R AR, X
X TR E R AR T DD RE AT TS A TR BRI, 1R
ZEf 3425 T T RE AT 5T v A i T IR B Y
Tk

55 = M REUR N AN [RI SN #5 A 4 Fh 5
AL L (B 2R R HOR AR IR SR AL
I AERE . BETCUIeh YLS 7E45 CEUA N DLk
A% 3 1 7 X AEAT AU ] % 3% ( Cheng and Hou,
2001 ; Yukuhiro et al., 2014; Nan et al., 2016) , E.
AL - DR A TR M T Y YIS Sl aok i £ )
A At ot f v S G YLS Bk B SRAE B
AT A S D A0 B 40 ) 0 96 A 3 5 A R
AU AN, TR U0 HLAE 1 b R A, FEA DR
i 28 42 AF i ZOP 1Y )5 i ( Noda, 1977; Cheng and
Hou, 2001; Wu et al., 2019) . B3NS , 7E 4450
M i BE T 0 3t B B — A B P /Y T8 i (Noda,
1977) o #E—20A58 kB YLS i3F A4E K m\ 5P 5L A1 B
BURAERUIAOC, JF B2l U0 e kAR S R 1Y
(Nan et al., 2016) ; 17 35 J& 22 % W2 55 1 Tl 22 12 19 46
KEEEE B 3 (N, lugens proclotting enzyme-3,
NIPCE3) W75 b 2 & AE b F rp e 3] 1 s 2 VR
(Wu et al., 2019) . 82 YLS P 744 5] ifi bk 1 J2-
S A BAR AL SO A T 7 BRLE p ZE T LA
MZOI AR AR A TR EAL R e R
PR A R R A T AL R AN W) R R (8] A 17 14
YLS Z G YRS AR 22 577 IXSE 2 m) el T
EER S 4/

S0, B AR A R AN TR LR OC R ANtk B %, an
faf F8 53 A I3 AE B HEA T4 R EWB R 7w IR TA ]
AR T BIGHE RE AT, 45 R R I LLR
FAE S 2% HFR) A B 7R) , 45 3% T 790 AR RIS AR A A
AT LAR B GF s R EBTIAROR , Hlb 712k
2y F & (Shentu et al., 2016) , {HI2MLIAHIFL L
A AR ) T 2 W et MR A TR R Y
AL R E e RESE TR B3 I, Wate SCat
AT A7 A A0 TR 2 A R AR B D
HRE S REBET-We? 3% TR0 AL HUR) 52 A il 55
HR R B AR HRORR AT IR R) & 45 B T4 U A
7 4 CEUN ) B Bt 25 % B i RORA 25210,
A R Z BA T AR R 555,

ey CEUA N SR A B AP R 24 S B
v R T 0 = R LRI 2R T ) iy 2 e &R
(R AR i — 20 W A B0 4 R EA AR, TRl e
AL LA T -0 R 7 BT s KRB IR pF Y B
By oe S i
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