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4ME Wolbachia XTHHIE KBS = £ 18
5aENERRI

Bt P oxiet' & # ' B &' Bugenimana Eric Derrick’
Marguerite Mukangango®  E§E #] " AT

(1. S BB B M TR L, ERINER AR f a2 be, EIK 4013315
2. WHBARARN B SHART RETLIE, T 5106405 3. SRERRFRUEGE, SnFl 999051)

# E [BM] HiTHMNE Wolbachia 7 AN TG A Diaphorina citri #5355 RN Z BN, LI
fify Wolbachia- 5 F= X -G 2 = Z RN BAE X R, A4 5058 A Wolbachia B #a H Az A B SEHE 6
Senito [H¥E ] XM A B g i HUE R S0 S R AR Wolbachia, fiff FH 4> [ 2 UL 43 A AUk
MR AT Y LR & it R AL EAT ARSI 5 )] Diff-Quick % (i | 5 R0 28 70 & A6 ) 1 200 5 4
IS E. [ 258 ] MK Wolbachia L5, Ab B A LA PR it 2 A R 1R A W 38 o T 0 PR 2L b R
(P=0.018 4), HMRRSER G EITLEESS, ML 2R & i i 32 & TXRAREE (P=0.039 1 );
IR AL R Won , ARV R BRATFRE P XA 2 T 31 FhliFRs 2L MR , 7E 9 Fhalbils Z LR
Hr, FREBR (Thr) 7EANBRLERIREH A L) R T X BRI (P=0.013 2), 22 FhARMFRE LR H, 4b
PRAH AP o-2 3k O R (0-AAA ) (P=0.028 4 ), JBEATREE ( Cysthi ) (P=0.012 6 ), H % ( Gly ) (P=0.0429)
2 (NH; ) (P=0.0352) 4 FpR b S 2L/ BT o LU i) 5 2516 T %) R A BE . Wolbachia /B4t 24 h J5, AbsH

LM E A LA E R (P=0.047 1), EREBESME (P=0.013 2) BEETXRL4, {048 h 544 E
PR R P MR . IR ERSHEI AT T, MEERAEE. [4ie] SMNE Wolbachia 5973 ASTHE

AR BB SR AL A T R, SRR EOE R S N, HER . o-Z O W . Mk,
SR A LU BEAR s A SR AR AR 3 e 35 3% 28 7 Sk 184 T i 4 i 2 0 TR T 1 LA S N AN R
Wolbachia &%, AERFIE R 1YL MmIES .

XER  RROSEIO; MEARE B, SRR, RENE

Effects of exogenous Wolbachia on the nutritional physiology and
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Abstract [Aim] 1. To investigate the effect of exogenous Wolbachia injection on the nutritional and immune responses in

Asian citrus psyllids (Diaphorina citri). 2. To clarify the relationship between Wblbachia, nutrient metabolism, and the
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immune response in D. citri. 3. To provide a theoretical basis for a sustainable Wolbachia-based control strategy for D. citri.
[Methods] D. citri were microinjected with exogenous Wolbachia, and the amino acid content and species changes were
detected in vivo using an automatic amino acid analyzer. Hemocyte content and lysozyme activity were analyzed using
Diff-Quick staining and enzyme activity assays. [Results] The total amount of free amino acids in exogenous Woblbachia
injected D. citri (EW) was significantly higher compared to the control population (P=0.018 4). There was no significant
difference in the amount of essential amino acids between the EW and control populations. In contrast, the EW population had
a significantly higher level of non-essential amino acids than the control population (P=0.039 1). Amino acid species
comparison detected 31 free amino acids in both the EW and control populations. Of the 9 essential amino acids, the
proportion of threonine (Thr) was significantly lower in the EW population than the control population (P=0.013 2). Of the 22
non-essential amino acids, a-amino adipic acid (a-AAA) (P=0.028 4), cystathionine (Cysthi) (P=0.012 6), glycine (Gly)
(P=0.042 9), and ammonia (NH3) (P=0.035 2) levels were significantly lower in the EW population than the control
population. The hemocyte quantities (P=0.047 1) and lysozyme activities (P=0.013 2) in the haemolymph of the EW
population were significantly higher compared to the control population 24 h after Wolbachia infestation. There was a decline
in hemocyte quantity and lysozyme activity in vivo in the EW and control populations after 48 h, with no significant difference
between the two populations. [Conclusion] Injecting exogenous Wolbachia significantly affected the trophophysiology of D.

Citri, resulting in an increase in free amino acid content and a decrease in threonine, a-aminoadipic acid, cystathionine, glycine,

and ammonia. In contrast, hemocyte content and lysozyme activity were increased through activation of the immune response,

indicating D. citri is able to adapt to exogenous Wolbachia infestation and maintain its regular activities.

Key words Wblbachia; Diaphorina citri; nutritional metabolism; amino acids; immune response

IR M SRR Wolbachia J&—Fh @ FAE K
W 24 Proteobacteria o V. #3775 K K 1K H
Rickettsiales PRI U AESEAE TR, 78 AR A )™
AT SN ( Werren, 1997; Werren
et al., 2008) . Wolbachia 4B ZJL % 15 E 194 K
KA. BRI S AR SRR, Flanded:
FE T G| 1E A 4 P ARG R, 4y 0l
At PIHEAE B | AR ELL BT ASAHZS ( Duron et al.,
2008; Moreira et al., 2009; Cordaux et al., 2011;
BAEIF, 2021 )R T AR R RLAY A%, Wolbachia
JERYL I S22 IR A AR R T L e
FEN AT . WFFEER BT, Wolbachia ANYAES
i ERAEgE AR BREVEART, A ngE oy
ST A R, DA e R A AR M
AR 7 5 B i A 3% ( Hosokawa
et al., 2010; Guo et al., 2018 ) . 7F S5 i
Drosophila melanogaster #13& J% f it Aedes
aegypti H, J&YL Wolbachia wMelPop tk & 45
EX @SS e o/ 3 =R [ £ O o 57 1 = e 7
BREE T (TEP) I C BUBESE G K1 &k
K5 TEfE EONE B RS, WA RS
T2 (Min and Benzer, 1997; Moreira €t al.,

2009; Thomas €t al., 2011; Zhukova and Kiseleva,
2012) o [AlFHTI 54 A [k 22 Wolbachia ) B He
A, FE SIS 77 AR B LB AS 22 F1( Cytoplasmic
incompatibility, CI ) L & F1] F A= H B 6 T B B
P B AR B TR AR AL A (X et al.,
2005; Zheng et al., 2019; Gong et al., 2020 ) , &
ARV AR SCR AL, R B T 5 R0 i
A B L LR W Bl e SR

Ht 4% A ® Diaphorina citri, J& ¢ # H
Hemiptera i RKEEL Liviidae, SEHHE R B9 5
Bl E H ( Grafton-Cardwell et al., 2013)
MG A B G T EZ R =R — 2 AR
v WU B R B 4 5 7 A A ) ) B A
BT W B . RS A T 24 s o A
f AR BRI R BRI, 27 2 03 W K 2 R
BiF TR AT, B SR E AW AR TS
SR SR O E B E ] G ARSE, 1989 ) 5
MR AR BN N LR B e Candidatus
Liberibacter asiaticus ( CLas ) Y5 Z iR E H,
HALTERE AR R, TR ARG 380 93 DU AT AR 7
R EE (Bové, 2006; Grafton-Cardwell,
2013) o RGeS MG R K SR | 2R
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S BT, 4-5 N RIREEHTRGSE , X B AT
f Pl 3 B E R B 2 52k o H HTREBS HEP AT
A7 B 9 T A G 1) SRR B bR 2D, LR R A B
oo TR TC I AR A 355 77 F 5 T /D S €8 A 3501 B
A FBt (Andrade et al., 2020) , K =R
MG A B H H B IA NS 5 e 1 3 245
R R R LR Ay ) B AL R 4y, R
A A B AN AT B Y B4 ( Cohen, 2003;
W, 2022) , W20 N AR S
ATP A8 B IR & UM AE I A, B 3]
7B SRR, DA O 200 Jf 0 A A 1)
WEHIIHE (Kelly and Pearce, 2020; #)h/b 7 Flug
g, 2023) o Br T ZHEABREG M, AERN
X 20 L T BE AT E BRI, R S 0 5 A i
R (Buck etal., 2017) . fillnde T 40fEr,
LW 2R & 4 2175 S an AR 8 4, #Eim
SN A0 ML P 5 B B E ) ( Geiger et al., 2016 )
HI TG AR TCETE R B EA W, AR
ARARBESFHEERALEEFERKRMAET
( Wilkinson et al., 2001 ) . [AlfEHh, 7EGBEN;
Bk, dEF AR S S
Fr b5 1) ( Kelly and Pearce, 2020 ) , WF5548 H,
W T e 1) S SR T P T PR TR ( PKOMI2 ) 1 JBE 4K
T2ZRMH AN . M2 EN, E WA
LS A 2 i, Ho A AR 2 32 B
SRR 57 5 NADH FUR ZH 5K F,
HE T #0340 9 B9 4 £ ( Chaneton et al., 2012;
Minton €t al., 2018; Yang et al., 2020 ) .
H—IJrm, RECSEREN KR 5
FRGERAAH B SR A& i EAEY) (Guo et al.,
2023 ) o Hr, FEf i g fih, WA
B2 5 IR AR RSN | i 240 P 4 A A
P& N ( Zavalova et al., 2006; Zdybicka-Barabas
and Cytrynska, 2013 ) . ¥ I Biff 38 i fiE 1k N- 21t
MEERR (NAM ) il N-Z Bt E %48 (NAG)
Z RN B-WE B A K i R R TR M, AT L
Bl ZFP AT | N EE . B AR S CIRFESE, 2015;
Ragland and Criss, 2017; Kawai et al., 2018 ) .
EAFE RN, FEMR . KA RO =R
W R EAR W E M LT AR, i st
T VE AL R 0 T U IR 23 5 BT TG M e R

( Phillips, 1966; Ibrahim et al., 2001; 5%,
2009 ) o 7 MLk L rb s b i ol 0TS T kL 2
FRL A R TS HUAA %) S8 0, 25 B3 H v ) o, &4
o, VSTEEEAIEYE R EFEMR (Chu et al., 1992;
Sahoo et al., 2012; Villaetal., 2017) . It4k, &
FRGRE S I NS T g . J0E T ke
L 00 A A, R PRI HLA S R
I A28 5 R Y /E H( Lee et al., 2009; Zou et al.,
2019) o B, A5k, 25ME Wolbachia
BTN TG, BEERR . A0S sl — 5 2
() 77 B P R DAL R HE T AR E AR L

ABEFEAG B WA SR, a4 A B A
FERR I HTAS . BETE RS | Diff-Quick Y {3k ks
MANE Wolbachia 1 A5 XT A A% A A N & 57
AR G W AR Ak, A6 U 2 2 R O o
Pl 2 oIl 20 M AR B D R R S R, RS
Wolbachia g 4Lt T M A A mUE 57 G5
PRI EEE , DUH SN AR R LS e i 1 A= )
B 36 BB 1Y) B IS S Al 5 TR

1 #REFHE
1.1 SEIH#

1.1.1 #iXEY  JLEF Murraya exotica Kl
T RA M50 X5 R e B RGBT M AT
MR, WlE, &5k, me, JfFi#Efre
0, FRMORSR A 12 om, FHTSZER . AMRAE
Gossypium hirsutum, fhf4 R “EHaF 32 57,
W F LU ZR A e A AR 5T bt o KA BT T
HTRAER LR (ER 15em) T, K5
HRRETHNAGEMAELIE (60 cm x 60 cm x
60 cm) H1, FEMRAET K 2 6-8 M1, FFSL5,
112 #kHIE  DAMEARRERCHSME Wolbachia
ZAREEH, SR BTN IR XL LN X
ey LA b, R [l pg AR B2
HHEARTRELREG, SRR ARTTESN
JUHBLFFAEARIBORS -, & TR R (60 cm x 60 cm x
90 cm ) AR FRYE . FAOE T R IIZAN A%
A EA F A P 34 TR Wolbachia J& e R 100%,
J& T Wolbachia B KZHAY con WW.4H ,

DUKEA Bl Asiall7 Faff R #ME Wolbachia i
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PRES I, JRUAFNEE 2015 4E% () MAERG ROl K
S I RYy  w I 5E 2 B R Ry L
Asiall7 2R {34 B Wolbachia J& 4R
100% , 5 #if i@ K B&LIA& 4 Wolbachia [7] J& F
Wolbachia B k4, HiZ#k &R Wolbachia i CI
Jigik#] 63.55%, JeffFE MM Wolbachia JF &
M A A B B SRR R (Li et al,
2021 ) o AU R HLLICHR B T i AL R
FHEMY, TIRE (28+1) °C, WJEF 70%-80%,
SCEHE 14 L2 10 D RE 54 (RXZ-500A, H
HMERHL ) AR IR R

12 ZBH*

1.2.1 Wolbachia B ATRREST OB 1|
SERE BUTH e Al B0 483 b o A Ok Wi, 7R
RALEE ( Stemi, ZEISS ) R4 /=50 3 h [ AR &
BN Pk e B ORGSO A 700 A, 5
WA A A B U SRR R RS W b | SRS
FEXEAR ELDE ) UIARALSHIR 10 nL BT S AR AR
AT AR SRR R X RELE . 3E e
MR AT, 5 W BAR SIEARENEA 10 nL
PBS ZZ AR . AbPRAL S5 X BRAH A Ab H R 3
MNEYIEER, BAER 50 ki, EHE, K
o MR T JUBR A BORS 15, 24 A 48 h
Je WCHEAE 5 PO M AR AR U B R AT I 225056
122 HEBARACGCHKREESERRERRIE
FiE MG N 2 R R U 2
Pan 4§ (2013 ) Hl Zhang 55 (2021b) A9k,
W AR TE SR Wolbachia 40 B4 F17F 5 PBS 2%
PR REZH A A R ELA AR A, BN E R
B 40.00 mg #£ 4, PAAAAE 1.5 mL B0,
BOEE THRA P IES R, MEHRBEEIKE
S S (OSE-Y30, KAR ) FE00E, [mE
OEHFIA 1.5 mL ddH,0, FE025)3%, TeieiRic
ies (QL-866, Qilinbeier) FHE5) 2 min, AR5
PA 14 000 r/min B.L» 10 min; #3581 mL 35,
HEKRBRWIECKEA, AL 14 000 r/min &5
0 10 min ( EA8WT ), Fif W, HL 0.5 mL
FEwER, 5%EBNEEKERIES, R
10 000 r/min #.0> 10 min ( £ A ), B 0.5 mL
VR T RSB T R, A 0.75 mL A9FY

BRI R E R, SR H 0.22 pm RN
UEJE, EAEAER RO R EEM L, R4 H
SR FEBR /AL (L-8900, H 7 ) 0Bl & At
AR AR N I U0 B8 R . S RS b BRA A
& 3 NS A EE AR

2R AR By ARIR; @ikk. Hor
855-4507 s RNAEIR . 135 °C; #riERR (£E)
PF G2 /i BE VR 5 Rl %4 : 570 nm+440 nm - ;
Vi VRIS 0.35 mL/min, f74E % 0.30 mL/min;
SPATETE] 148 min, FRifE b Z0ERR E 1% UL 1,

Ui 25 2 B2 P A I 3l 2 B 43 A A o
BRBIERWE IR U T AR E . FHRAR
iR i/ VR PR & /< 100%. >R SPSS 19.0,
FEAE R ¢ A0 7E B 27K F- P<0.05 T =R
1.2.3 4piBE Wolbachia X #H#% A< B\ {4 4 1 28 i
BEMNEm  HEAR S A RMINE
Wolbachia S i 7E SHan 1.2.1 F5 Rk AL B 24 F
48 h J YSCHE 2 S 2 R AR AR U GT R 2 A AR L
A, TE O R AR B BT e U S 2
FHE A0 A5 W H 0.1 ul I bk I 8 T3k A .
S fift A R PR G A9 ( Bioss, Beijing,
S0041 ) HEATIM ALY (B, T S0RF il bk 3 W
T AR TG A EREE 20 s, H
WA A Diff-Quik fixative [ E 20 s, FH
Diff-Quik | 1 Diff-Quik I1 4354 10 s, {4
ddH,O ¥k YRS LR W i T W4t
TH Il 20 e A
1.2.4 4MiE Wolbachia Xf#H#%5 K B K KA E &
TEMER RN MR Wolbachia B YL 1A% A L
ZM 1.2.1 17, LL PBS G as (Xt i, Ab
B 24 F1 48 h J5 A AR B B, Fieay R
(g) :AFEHAK (mL) =1 : 15 KBTI
J#, 4KJ5 10 000 r/min 4 °C, 5.0 10 min, UK
LI WAE, B RE (LZM) k&
( Sangon Biotech, Shanghai, D799854-0030 ) iffi
1 EFRIY ( Synergy H1, Bio Tek, 35 ) 7E 530 nm
AT A R A AR LR DAY 198 375 T il 0 12
1.25 #\HHT FrAEIREN 3 A0Sz
HAE ORI E, IHE AP AR R
(SE ). Hd Rk B E Jr 2 48 Z )5 U
Dunnett’s t fz g dE 1720 0] Fe 8404 - d2 SR TR
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EH1 fERNSEREL
Fig.1 Amino acid map of standard substance
P-ser: BAMRZZZIR; Tau: FRIR; PEA: BEROEENE; Asp: RAZIR; Thr: JRZEIR; Ser: ZZMR; AspNH2: K&
Mtl; Glu: #V2R; Sar: WUEMR; o-AAA: o-ZHEEC THR; Gly: HEAM; Ala: NARR; Cit: JNEMR; o-ABA: a-%
TR Val: &ER; Cys: MEMR; Met: FEEWL; Cysthi: PeiiBt; Tle: FEWR; Leu: REMR; Tyr: BEEMR; Phe:
HRINER; B-Ala: B-INZR; B-AiBA: B-ZIETR; yv-ABA: y-ZJETWR; Trp: (0%(R; EOHNH2: ZFEHE; NH3:
; Hylys: HMi&ER; Om: S%ER; Lys: fi&lR; |Mehis: |-FR-4&HR; His: H%ER; 3Mehis: 3-H R4
Ans: #EALIK; Car: HUIK; Arg: $HEER; Hypro: FIHEIR; Pro: JHEMR.

ff SAS v.8.01 R Sge¥udls 4T oM, JFR M
GraphPad Prism 5 X {4F7EK

2 GRESH

2.1 4MER Wolbachia M#HBARBRMGAFEEE
BEENME

Wt %A Wolbachia 7 A f% 40 35 28 #47%
AT PBS X FEZH A AR A EU A N 2 R 5 ik
ot (B 2. A-C), alE AN TAMEE A
Wolbachia & A% A mUA A I 2 2 FE R B i
FETARAREE (K 2. A, P=0.018 4); H
B, ARG ELRELES (K 2. B,
P=0.379 5 ), (AR LR & i 0 % = TR
HFEE (2. C, P=0.0391),

2.2 4ME Wolbachia XH#HBEARBRERFEEE
[z ks dn Al a A

7SN Wolbachia 2 A B R 7 A EURPEE A
Xof L2 v B ) 3 i S S R, AR ANIE 3 BT
TR o AL BRLFREE A B AR R A R T 31
Pl B R Ak R, HL PRI B 6 T E LR A 9

Ffr, AR R EEIRA 22 Fh (& 3). 16 9 Fhibis
G, AP MEE PR &R (Thr) Bt i 6
S E AT X IR FPRE (P=0.013 2), HE 8 Fluws
W ARG L 22 R AR E (P>0.05), 22
FAELR R IR b, WFRAMEE o-F IO
M2 (a-AAA ) (P=0.028 4 ). JBE#ifk ( Cysthi)
(P=0.012 6 ). H&® (Gly) (P=0.042 9) FI
2 (NH3) (P=0.0352) iX 4 FhE 7 2 2L
P H ) AT IR AL AR, A 18 FhAE LR
BRI TC R E 2R (P>0.05),

2.3 4MBE Wolbachia 4% 7K &l 4k P9 M 48 R %
BRI

AN Wolbachia 73 5 i A mL 24 h J5, #f
178 A T bR B P9 I 40 e R e £ 2 SR i 4
(A, B) Fian, ACFEZE A% A Sk P il 40
MR B2 S T PBS 22 bR ACFR X} BRI 5,
P=0.047 1 ); 48 h J5 Wi 20 A LA A 1L 490 o 2 i A
PIH TR, HERAEE (ES, P=0.8541),
IR EE R FH S Wolbachia &L BE %175 ST
i AR B Y o g A0 Mg (T, AR TTTIG SR A
By X AN IR0 S5 1 S B M
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=55 w3 S w2 &
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% 8 S KgeS ® = 3
§o8 552 AL e
wE 5100} I 2 20} B SE 100}
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2 %M Wolbachia JFEN X B AR E KW
HEIERSENTI

Fig. 2 Effect of exogenous Wolbachia injection on the contents of free amino acidsin Diaphorina citri

A. SN Wolbachia I 48 h JE A A mUA A 2R & i 224k ;. B. AMIE Wolbachia 12 48 h e A L
RN TR Z LR &84k C. AN Wolbachia 15 48 h J5 AR AR T Y AR 075 ZEERR & w8 4k
X & Control: VRS PBS 22 vhil iy XF 4T ; SN Wol : TR 4ME Wolbachia (i 4b 4 .
ns (ARERALZE (P>0.05, tFl), *UREREE (P<0.05, tHK). TEIF.
A. The changes in total amino acid content in D. citri after 48 h of exogenous Wolbachia injection;
B. The changes in essential amino acid content in D. citri after 48 h of exogenous Wolbachia injection;
C. The changes in non-essential amino acid content in D. citri after 48 h of exogenous
Wblbachia injection. Control: PBS buffer-injected control group; Exogenous Wol: Exogenous
Wblbachia-injected treatment group. ns represents no significant difference (P>0.05, t-test),
* represents significant difference (P<0.05, t-test). The same below.
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B 3 SMIE Wolbachia Xt #H & AR EL 4 A i 5 BB 2 L B 19 2 0
Fig. 3 Effects of exogenous Wolbachia injection on the proportion of different
free amino acids in Diaphorina citri
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%} #& Control

HINIR Wol

Bl 4 A7 E ik BB P I 48 A e kSR 6
Fig. 4 Diff staining schematic diagram of blood cell in haemolymph of Diaphorina citri
A, YRR M AN YL 5 DL s B, MR Wolbachia 12 4% J i 20 M s (5 2 .
P R E (R A, 58 6 R AN A0 L
A. Staining of blood cells in the control group; B. Staining of blood cells after introduction of
exogenous Wolbachia. Dark blue is white blood cells and purple is lymphocytes in the figure.

[0
(=}

I X H& Control
=1 AR Wol

* ns
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S
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Ny
(=}
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HH

1

M4AEE (0.1 pLIf#kEL )
=

Blood cell count (0.1 pL haemolymph)

0 24 28
BARESATE (h) Time post injection (h)
5 4ME Wolbachia B3 ##E A
B 1M 20 A #2122 11

Fig. 5 Effect of exogenous Wolbachia infection
on the blood cell count of Diaphorina citri

2.4 4ME Wolbachia 3K EE N A B EEE
e 0p- A

7E 1 $1AMJE Wolbachia 24 h J5 , b3 4H Hi 17
AR ER PO i A S PR S T R (A e,
P=0.013 2 ); 48 h J& Zb R A 55 XF B2 A\ A4 N 5
WS YA T, MEESARE (K 6,
P=0.2803 ). #5538, SME Wolbachia /&Y g
% T R AR AR LR BB RN, R DA 3 B v

BRI A9 TG V3G 5 A BB ST, DA AR AE Ak

YR AR % .
2 - %} H4 Control

= MR Wol
* ns

i
i

WABREYE (U/mL)
Lysozyme activity (U/mL)

0 L
24 48
BARESTETE (h) Time post injection (h)
Bl 6 4MiE Wolbachia B Xt #H#E A E
AEEEER M
Fig. 6 Effect of exogenous Wolbachia infection
on the lysozyme activity of Diaphorina citri

3 itig

WAL AE T Wolbachia HA g 5 ASHH 250
AT DARRUE BE R AL (URRAE 2 — e 1 35 AL B
5 07 T A LB TR OR BAF B T TR AE W B i BE
J5 ( Zheng et al., 2019; Zhang et al., 2021a ) , B
B EBEMEHANSRERZEAX, HE5E
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i1 H B X8 A HSCE A K (Sadras et al.,
2021) . fE4t5 % Callosobruchus chinensis.
A ELAE AL A rp 3 2 & B Wolbachia 8%y
A E M EFRREES (Xie et al, 2011; B
T, 2019) , 1T Wolbachia % T H % A &L E
FEAR 52 M v R BH BT o AR A5 R 0 A
HARTEM T HME Wolbachia /2L T Hi# A @l
BIRAMMEm, g5 KW, F AR
Wolbachia 1148 7 A B P I 29 24 25 R 2 i i
EE T AR, JE ST AR R E T
s AT EEERR AL AT R, BT STANIE
Wolbachia ) A B4 A I 2 2 B 5 = Tt
w, HEFREER A ERR (Thr) &R
i, ELTEIER T, a-BIC MR («-AAA ),
AL ( Cysthi), HZ# (Gly) iz (NH;)
WEAR T XA . BT A R AR E
Wolbachia /Bt 23 1ok 8 15 A QI A i i o3
FR AT B0 R RE R THFER N, 4 M R
A AR I AR TG BE N 24 IV ( Zhang et al.,
2021a; Weyandt et al., 2022 ) . Hith, AHFFEIA
i Wolbachia J8% 4y T S0k s A B A Ui 25 24 Sk
MR mTtmE, MARAR. oo 3D R . M
it PN H 2R 1) L A7) S 3 BRI, X A Ab R A A
AKELEE TR 7 m X 4 E Wolbachia ) —Ff
O X6 2V o

FLHWSE % B, Wolbachia &L g I8 %%
1 G 8 0 2B FH S L R R K, I B R TR
B A WG 2B AR P IMD | Toll {5538 #1
S, W . S SRR E(S T R AR
T2 50 ( Moreira et al., 2009; Chevalier et al.,
2012; Guo et al., 2023 ) . AHFFEHE X H /MR
Wolbachia 3 55 B S8 FhHEAH 7% A B Py i 20
JIf 5 i S DA M, 85T SR Wolbachia gk
X TR AR A T\ 92 S5 I 19 5 M) o Diff-Quick 4 4
g5 R, 24 h NARJR Wolbachia 12 YL fE 5175 S
A PN B0 32 2 MBSO AR v, T 48 h S e e A e
BE BRI K W TR B TS 45 R S
PEAN AR AL AL, 24 h iR B8 TS M B T
1M 48 h i [FAREYK E IE# K o ARBFFTIA N SN
Wolbachia 7 A J5 , 5 B0M % A EUA P97 3 S

P I 0 S R 3, T AL AR g 1 2B T
PRAP B S 3205 5 ) B 18 35

WIE R, 7 PR L5 e 2 1 2 g
BEME, B IFH = ik 5k 4 v B g
SURERTE Y (A b= e 3R R VY S (78
R T B IR IR AN STH AR, PLAE A
R . 5T H RSN AT DI A RF 1 5 A= A
153 (Puleston et al., 2014; Pietrocola et al.,
2016 ) o Wb B HE R K F-A v AT LD 3
PR I SN ORI O X =1 A OO R S e 7 DN B G /1
it /1 (Chen et al., 2020; ¥ =4, 2022 ) .
Wolbachia JE 4 2 i 5L e A5 K A s )i 3 it 5
e 2 LR A . A% PR 3R AW g 1 & B i 7 3
X FAMEA P 09 S0 58 28 S ( Jiménez et al.,
2019; Zhang et al., 2021a; Lindsey et al., 2023 ) .
z5 b, TN AME Wolbachia 1 A A &L
24 h, HTRIEY) E SR THFER B R R, B
RN E AT AR S AR, W
R P i e R I 4 A 3 AR IR A 1R
Je; 48 h i, BFRFMEHMN AL, FHHBEAR .
o-Z A O TR . DR . R RN S A
LR TR R, RS R R MBI AR ) R
AE 5, E W B 40 R R R, R
R PERRAI

R Ge Al 2 A 25 B AN 5 i FH A7 ke i) 71 THT 52 T
E AN, AEYIBTIG O Bk I S 4k A
NG I Sl Sl R e B NS I
Wolbachia i TR 25 008 F2C . A58 5%
HETTE A 3 R RN A, AR TR AR )
REdR R S g i T Rn Al . Al . TAE
ERAEYPEH (Werren et al., 2008 ) , H
rh LB AN A 75 02 N AN 2 2 B R AT BT
YL Wolbachia (-5 A B Ge BB UL AN A
7% Wolbachia F P S FE I, 255 [ f5 AR i 3k
Ao, LABELIR B Fh R 6] AR (Charlat et al.,
2004; Vala et al., 2004 ) . 7 BF5 0 i ff A i o
AHZAEVER T (CifA F1 CifB) B3 falghity, L
FR-VIEE R CifA 55 CifB 4545 k&
CI 15 & )64 ( Xiao et al., 2021 ) , 74
MEAEAY [ A5 R 531Nk Wolbachia J& 38 i 157 7F

71
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WA R A 7 R A 417 5 AT 7 9 R iz A
LRRAR R A F 8 CI ( Zhang et al., 2021a) .
A BFSE AR Wolbachia 51 A X TAH %
REE TR B R G RE N g, 0] R S SRR
R AR A T R TR AN 25 B G 9 AL ) 2 1 P
wS%, [N, @5 ASNE Wolbachia # 57 5
I SR S rfRT & A TN AH 25 1 R A R EUR R

A S H R AR B RS

AT/ T HR IR P A 8 ke BEL D R A 2l i TR A
B, BRI B R e B .

B ARWFEIR T 4ME Wolbachia & 54 Xif
TR A A EA P 2 LR AU . He e IR A B A
78 AR Wolbachia gy S8R B4 N 44 3t
P A S, T S I A M L Il 4
HARL DAY H B IEF M, BaR TR
HiA N Wolbachia- 2 36 R AR - i i 22 =4 |
VESTIR BT L AR . SR, IR B L B
RaE AR (R . A A . R
T ) SRR G A RO AL v A B A
A Ja R T B L 2 A S A . AR 2 T
i — LI

4 %it

AR Wolbachia 12 A FH A% A LAY & 55 4
PP AT R, AR P Ui R R
i, BERR. o ZIC R . e HER
FIVE LA BEARR s R SO AR A S 3 B0 fe i
o7 R ST I 00 Y L R T T LA I AN IR
Wolbachia /&4y, 4ERFIEH M EariE 5.
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