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Review of research on the bacterial community of invasive leaf miners

ZHU Yu-Xi*" WANG Xin-Yu* PAN Long-Qi?® CHANG Ya-Wen DU Yu-Zhou""

(1. College of Plant Protection, Yangzhou University, Yangzhou 225009, Ching;
2. National Agricultural Experimental Station for Plant Protection, Zhijiang, Yichang 443004, China)

Abstract Insects and microbes have established complex symbiotic relationships during their long co-evolutionary history.
Host-associated microbiota can affect the spread and outbreaks of their hosts by manipulating host phenotype or ecological
adaptation, especially in invasive pest species. In turn, both host genotypes and environmental factors shape the structure and
function of host-microbiota during the invasion process. Thus, understanding the processes that drive the leaf miner
microbiotic assembly is imperative for understanding the invasion process and potential for damage of this invasive species.
Leaf miner Liriomyza flies cause severe damage to numerous ornamental and vegetable crops. Three highly polyphagous leaf
miner species, L. trifolii, L. sativae and L. huidobrensis, have now spread to multiple regions of China and have become the
dominant pest of humerous ornamental and vegetable crops, posing a major threat to agricultural production. In this paper, we
summarize current research on the status, diversity, composition, community assembly and function, of the bacterial
microbiota of invasive leaf miners. This information provides a foundation for understanding interactions between leaf miners
and their bacterial microbiota, and for designing environmentally-friendly, efficient pest control strategies by targeting these
endosymbionts.

Key words leaf miner; bacterial community; symbiotic bacteria; community assembly
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et al., 2020; Lemoine et al., 2020; Jang and Kikuchi,
2020; EIHESE, 2021), 4Rk, B %5
W MAEMH A ROR I P, X R i3k
EEI R 2 BB B 2 10 . BT, YR
WL AR EL . WFR . CREVHI IS AT R R
A FE R EHIRA (Jing etal., 2014;
Martinson et al., 2017; Adair et al., 2018; Zheng
etal., 2019a; Bing et al., 2020; Wu et al., 2021;
Zhang et al., 2022), Wi7g R BRI YIXT A
% B U ORI RIH  DARO T A 3 B U Rl
B A 5 25 B 12 SR B AR # A

PEWE I Liriomyza 3@ B U2 Insecta, XU#H
H Diptera. ##8#} Agromyzidae, &—35HEM
FOMBRRAEY (I Sk B2 L, — SR A
RV 2 F R ARIENEE R4 5% (Parrella,
1987 ). H 20 fh2t 80 AFARLIK, SEUHNEETEIE
Liriomyza sativae, i SEBEVE I L. huidobrensis Al
BRI L. trifolii ARIRIE PR, BE
WO EVFZ X SR Rk SRR
P Z Rk EryfiEF dL (Kang etal., 2009;
WV C4E, 2016; Wan and Yang, 2016; Gao et al.,
2017 ), TR ML) 2046 . RS
HBE SR B P AR I, T B
TR U TR 75 2R L AR AL ST hE
S5 TR AIT S 1 R, 4 S REVE B 5 A AT 1 B A

o F£4E Present

AL AL 0 T R B A SR SR

1 JIMARIHBBHEXSBRE
TEEM

BV 32 B A T AR X, 1242l
% 300 4 Fh, Hoh 23 fhEH &P EE M
(Parrella, 1987 ), & FE & 5t 1k = i i i 2k
EREFRENEEZ —, HPARKEN
BV e 2 A S PR . = BT . R 8
RE 5 i 1 5 5 REVER G L. bryoniae 25 ( 77 4,
2015; AR, 2019; skRfESFE, 2021), B
T nfm TR (F 1), BEvkmgE2EL
Ykt E, S EY RS EN, mHY)
A Ve TE S R IR L S 2R R B AR Y, il
MR (T 7%, 2015), Ihoh, B E
AN AFEMAZE | B, RIS N
SR N Gy P YU SRR R, O B IA A R K
Pebl, wWIER NRBURK” WIS (J7 5
45, 2015), ARk, Rl TR G A E 25 R 1Y
PRI S AR 2N G BT P A () T, BRE T i )™ Y
M % [ 1/ 22 Hl DX R it i S VR 1) 7 i 5 5
L 1A il 24 3% 8% 50 AR T 7=l & T i) B A
R (SR A %5, 2013; FEMES, 20205 #F
A, 2021 ),

TEMPEYEME Liriomyza bryoniae
https://gd.eppo.int

Bl 4AMEZNEHEREHNCENNSH

Fig. 1 Thedistribution of the four invasion leaf miner in worldwide

B S R T RN At iR AR R A4 (EPPO) A BREEE (MU H. 202245 H ),
Data from European and Mediterranean Plant Protection Organization (EPPO) global database (deadline: May, 2022).



6 14

RERSE: NRBEMR N AR T DR S e

+ 1185 -

2 HMERANARHEENZSHER

HY

FIRBETIE A iz HARAO A By
T 1 BB R R AR

WO EE R 22 PO (L, (D0 A P A A E R

WIFEAR R Z (£ 1), WIS KI, ZFhIEE

YL NI B Wolbachia, 045 = IH-BEEME . B
R . HUEBEE S L. brassicae, A BT

Tablel Thecomposition of bacterial community in leaf miner

L. chinensis FI3fI 7 B L. chenopodii 45, 764

BT AR

| eof miner % YSETT I DI T 8 A A= 20 T E= BTN
speciles Country Identification methods Dominant bacteria or endosymbiont  References
ey T 16SIRNA @ aHllF  RRESEIRE, J7/RIH, Zhuetal.,
Liriomyza China 16S rRNA high-throughput  #i 2B LI B 2022a
huidobrenss sequencing Wblbachia, Ralstonia, Sphingomonas
B R 16S rRNA &3 il 7 STRINH, BEBERMIE, A Zhuetal.,
L. trifolii China 16S rRNA high-throughput  Ralstonia, Sphingomonas, 2022a
sequencing Phyllobacterium
FINBEmE  h 16S rRNA =3 7 7RI, KR, AR Zhuetal,
L. sativae China 16S rRNA high-throughput  Ralstonia, Caulobacter, 2022a
sequencing Sphingomonas
A B i 16STRNA FdE ey S7/KINHE, MR, Z20RkE Zhuetal,
L.chinensis  China 16S rRNA high-throughput  Ralstonia, Sphingomonas, 2022a
sequencing Rhodococcus
HUPERFIE AR, B, WSS IR KRR SEGR (wsatA, wisatB,  Xuetal.,
L. sativae WRF. Diagnostic polymerase wLsatC, wLsatD % ) 2021
Timor-Leste, chain reaction Wolbachia (WLsatA, wLsatB,
Vietnam, Australia wLsatC, wLsatD strains)
=MpEE RHE, HE, WS S IR POREFLRAR  (wLtriA, wLtriD #  Xuetal.,
L. trifolii HAS, AR, 25 Diagnostic polymerase %) 2021
USA, Kenya, Japan, chain reaction Wolbachia (WLtriA, witriD strains)
Timor-Leste, Fiji
FEPESEE  EZJERIE, ISR B SN RREFERAR (WLhuiA BRER ) Xuetal.,
L. huidobrensis 45 Jg i, IR Diagnostic polymerase Wblbachia (WLhuiA strains) 2021
: . chainreaction
Indonesia, Kenya, Australia
AR s, HA ISR i SN NN N Xuetal.,
L. bryoniae Netherlands, Japan Diagnostic polymerase (wLbryA, wLbryB ¥ % ) 2021
chain reaction Wblbachia (WLbryA, wLbryB strains)
ZHTET B E[EEJEVH L ISR B SN RREFEIRAR (WLchiA BRFR ) Xuetal.,
L. chinensis Indonesia Diagnostic polymerase Wolbachia (wLchiA strain) 2021
chain reaction
HEpEREE AR, WHIE ISR B SN RIRE TR (WLsatA B R ) Xuetal.,
L. brassicae Timor-Leste, Diagnostic polymerase Wolbachia (WLsatA strain) 2021
Australia chain reaction
FATFRERREE WOORE R G HEHE RRE TR (WisatA B R ) Xuetal.,
L. chenopodii  Austraia Diagnostic polymerase Wolbachia (WLsatA strain) 2021
chain reaction
= BETE R HA WS S IR R TRIR L e [ Tagami
L. trifolii Japan Diagnostic polymerase Wolbachia etal., 2006;
chain reaction Hidayanti

etal., 2022
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(V) 0 i e i (] — B ¥ A ) b B A A, A
A:TE Wolbachia Fii2E S B YL i A7 AR UK 22 57
( Tagami et al., 2006; Xuetal., 2021), Xu %5
(2021) X ZFhpEiEuE 1A N Wolbachia R4 & H
IR, BEsMEAR PN Wolbachia =2 /& T A. B
K5 BEE gt 7 Wolbachia 3-8 LI RE R ALY
AR EAERE, 1A, Wolbachia 76 A RS BEE
B [ SRFPRE P AT REAEAZEAI B K TARRE LS
Vi, G 16SrRNA Sl sl br, &
Gridr T IRIE 43 D Hb AR 4 FhEREENE (A
BEVE I | i 9% AT g | S5 P BRE P g R = I X e )
310 SKAMARAN R BETE , 25 A, 4 FhEEi g
PRREVR 1 A A 1 B L D 24 25 A A 7 I 2 2
5 (Zhuetal., 2022a), AR, 4 HiFhZ5E
TR AN TR 22 R 0 e T B | SEUN BN
BRI R SEBETE I 3 FP AR A, Rk, FRATTHEI A
(REEEIRAEY B R, 5200 EEOAE E A Y
A=W s, AT RV 2 FEMHERRR( Zhu
etal., 2022a), X 4 Fft 5if 75 b 240 P V% AR AT 5%
KB, FENIIOKF L, 4 FhBERE g i oL 2 o B
WA H ] Proteobacteria, 2k i1 ] Actinobacteria
FIERER ] Firmicutes, X 3 KEME MR KL
R BN LR E#E ( Santos-Garcia et al.,
2020; Zhangetal., 2020; Liuetal., 2022), #k
T 33X 4 e A 149 A X6 2 B85 A AN [] TR g e 28 A
W R B Fh b e K22 R fEE IOk L,
4 FREEE IR N Y& 55 /R INA Ralstonia 24
Fs HLfI B Sphingomonas SELH A TR R, (HIR/RE
SGHR Wolbachia, M#FE Phyllobacterium, 25
I J& Caulobacter 1418k Rhodococcus 43 7
R DRI . =B IEE | SE YN ERE TR B RN A B
WERN EA R EIFEE (Zhuetal., 2022a), XLt
¥ 45 R W TRV E W20 TR R % 119 22 R S A WA
TEfE FRERAE s X T [F PP BT i, AN (] b 3
RN AN R R AEAERT 2 22 57, /R BEVE g A
PRIRETRTE L 5 1 T2 R B S REE S5 AR 3 VAR G o

3 MEBEANAEEZNAERSY
fFSES

TR B0 A TR v 1) 22 R B 2 I

ZMEY SAEEY R RMIKS), IS ERE
(AL PEIFE BB ). BY . AR
WEEH - (Hb BS54 ) PR A TR 5.
YE%E (Martinson et al., 2017; Zhuetal., 2018;
Mallott and Amato, 2021). HTi, 7ERZEE &
A A g, A 3 SR AR RN B 4 S5
P R R VB e U RIS P R R
(Adair et al., 2020), Zhu %% (2022a) 55 %
PRV W A B TRV T AL S 2 e S5 7 e |
A FAEY) . MRS S R DA G (A
2), Hor T FAE SRSl B v 0 o A ) 2 i R v ke
F AR, 33X AT LAFR ik o8 TR v i 4 T v 2 B
R M ( Species specificity ). Ak, KEHT
5% R LB WAl 3E 3k 5 | A KT YD R B R Y
T R A A P B Y 2E ORI e e R
T T AR PR SL AR W ) & AR BUH A, Y
Wi 1 = A9 3 A= P 41 ( Bright and Bulgheresi,
2010 ). AHHAWFIE R, B AURPRGRE Do)
KT HEYSHIAEMAEY (Hannula et al.,
2019; Keller et al., 2021), 7&E dHCEal Hi%
et #E b, @A AR R R Oy AR AUk
W, BT ERRER MR RREH , IR RIS
TR A0 T ¥ e e s RN E 5 Tk (Adar and
Douglas, 2017 ), BEEBRIAKRNIA 8.81%0 4 i
AT REARUR T LM Fr | HAR Y R 280 00E P i ok 15
AN, 22 BT MR T A WA T A Y 52 2 M Zhu
etal., 2022a),

MAESMA &, e (Neutral theory )
SR I BE AL I R AR A g R A ( Zhou and
Ning, 2017; McDonald et al., 2020; Coyteet al.,
2021 ). B HOfdCA: 0 B VR Y Rl A e B BL PR
( Stochasticity ) Fiffi VLI ( Determinsim)
PhEBREN (Geetal., 2021; Zhuetal., 2022a,
2022b ), AT WA Ay E MR ((Neutral
model ) FIZEHRE ( Null model ) IR, BT
S E$E (Variable selection) 25 g Mead FErE
BV 2 R R YR M R AR, MR
( Drift) RIS R AR AR5 5 AR RS
S, AUFEEFEPE ( Homogenizing selection ),
SRR . HFEYH ( Homogenizing dispersal ).
PR ( Dispersal limitation ) FITELRS 45 %) 41
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75 EFh2 Host species

l

¥75% FF Environmental factors

l l

% E£44Y) Host plant

YN B I% A 2L Bacterial community assembly

FEHLIEE AR Stochasticity
* B Drift
« [f] i ¥ #Homogenizing dispersal
* JHIBR H| Dispersal limitation

H:FE 8 Reproductive manipulation

i E ML AR Determinism

o SR Variable selection
« [F] fi 1 FEHomogeneous selection

TRV e 2 PR R O
Leaf miner bacterial
community

4% E B Environmental adaptation

B2 HMEBEBENARFENHERBAIETER (KHE Zhuetal., 2022a)
Fig. 2 Schematic diagram of bacterial community assembly and the potential function
in leaf miner (adapted from Zhu et al., 2022a)

FETE AL A AR X DTHR 5 1 R UIHOC, i
T8 EEERTJ0 0 3 A, VeI 32 0o AR 4 b
VR AR P A A S R, A T 0 3 A S 118 BRE VR e A
¥R (Zhuetal., 2022a), [N, 76 H40H##E
W L[] R g s v, BEAIL FR A A R DR Bl 2 ]
ALY E T, M E R geE 1 S E ik
B751 (Ge et al., 2021; Zhu et al., 2022a,
2022b ).,

4 BEE R 4w R ThBE

FESRR A B 0 e i A s h
Z AP g0, WA 4N [CTA Buchnera, IR7KEL
75 [ & Wolbachia . 12 Ji /& Spiroplasma .
Cardinium. 705 [ Serratia #il Hamiltonella 5%,
Z: 55 s EXTE 0 P | e R
B B AR . T E YA,
FE ) A BB B i S kol R BRI F AR AR
FAE B B S e R g A R K
( Feldhaar, 2011; Lu et al., 2016; Lemoineet al.,
2020 ), 154X FEE TS MR AR P 41 TR T i 1 S AR

A, FEAE IS T Wolbachia X Bt 8 i A i
PRY\SE T

Wolbachia J& 5 5 gl 4 H 43 A e 8-k 14 B 5
AN R Z —, Y2 66%I1 B R,
T 4 AN SE A ( Cytoplasmic incompatibility,
Cl ). 9 E5E ( Parthenogenesis), A/ ( Male-
killing ) FfitE4L ( Feminization ) %57 R84 15
T FOE A (Werrenet al., 2008), 7EKE
Wb, e B Wolbachia 1755 = i BEVEs e Al H
BT L. brassicae 415 £ CI, H: CI s F 515
FFIZEAHE ( Tagami et al., 2006; Xuetal.,
2021 ),

IAh, Wolbachia 825 I 1E £ 1 6 |
i eE . EFRAET . PAEE N A KA M B AR
% (Juetal., 2020; Renetal., 2020; Zhuetal.,
2020; Zhangetal., 2021; Zhuetal., 2021 ). fi
o, e 4k Wolbachia 1 3% SR W - ik
Phyllonorycter blancardella BUE g F, AT LA
FEGEIRI Fr B3, 78R BRI R P sk
o, SRR 20 E IR, XRh 4R
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i ( Green-islands )” fUJE 5 Wolbachia 434 1Y
M EA K (Kaiser et al., 2010), fE5H—
T WF 95 v, Wolbachia A i 35 98 45 #% I - i
Tetranychus truncatus Fi% i B2 4 S i B2 i i 5&
BRI ek, 1 M52 e s 35 AR BE 38 M ( Zhu
et al., 2021), W TWEZARFRIMF, 151X
AR H P R 5 38 IV 2 DR P ) 2 5 L B HOR
TR BB T OCHE , A TR T B 42 B ) 422 b i 4
AR B FR G N ( J7 154, 2015; Lu et al.,
2016; Corbinetal., 2017; Razaetal., 2020 ).
P SRV I S B A A R R 4 i TR M X, R
PR AT JEYE (SRR SE, 2021), FRATHF
5 % 3 B IS B0 U PR v o JER L i A% O 2R A
[ Wolbachia 515 T M FE R VIR, HoAR RfE
B VR i A T A PR A PR e ML A Rt —
LT

5 RE

AR, BEE ST YA HOR R P kg,
XF B AR AR WA SN IBTIR A o BRI I Y
AFF 5 ot LA B B S0 R A 200 B TR 5 ) 2R | A
S G AL A5 7 T AR — ek g, (B Sl SR
W AR BRI S LT R AT R AU, A
S BV W AN A R W R ST IR BR = . BTk g I
RN B A Rt R d, S BT i i
AT HEVR BIETERAR , AR T 5 AT FEIZE LA L
I TH T
(1) 7E0E ZHb2s 4B F R BT W A B 1
T& L AN AL o B AR B A P Be ORI
T J BBl < IX 38 A 4 1th( Regional microbes pool )”
( Adair and Douglas, 2017 ). H1 T E HAMAR 2R
BRORAF, DA AR B %25 8] S B TR SE AR
TRZ MR ANBEE FHAE B BUAMA . Zhu 45 (2022a)
T AN A IR AT, w020 A T A0 R TR R
B - IR - I R SR R RS, (BE I R ST
o B — A0 X R AN B AR IC T, SR
TIEBE v i A 20 TR AR A (] A ) R AR R s =
T4 £ 5 A L P, Brooks 45 (2016)
et F HIAERMAEYR “REKFHAEXLR
( Phylosymbiosis)” #X, BIAS A4 G AH

RUE R E EMRGEKERFR, WY
TR ) A 30 e H G2 A s e s ok 1Y,
T F ORI I MR A TE Z AR A . iX
T A b N AN b 2 (BB T, A5
R RLIR]— i 1) B 53 LA ] 0 ) o Bt 2R B
T2 B A (Bordenstein and Thels,
2015; Moran and Sloan, 2015; Brooks et al.,
2016 ), Zhu %5 (2022a) LL#% 4 FhBEw e L rE 3
HMWERENRELBER, AT RE L
BHASCR A S RGP R R, AT RE
BV i A A WU TR A AL TR DG, B L
B RECT AEY R Z RS S AR BE
G, a2 N Z I as 4R FARGE 22 Fh BT i 40 TR
REIs 09I R4
(2) IR SRSV W20 T8 T g S VR FHPILR] o
Lu % (2016) RGLHAE T AR BIAHAY
TETE FAEA . T . RO L TR AT,
REW KA e SR S | AR B | A
PRI . DRERE AR B ORI T T S 0 i DR R
A FY R EF T2 BEE X R AU A U Y)
AITATEA TR A, X H AR AR D RE R 42 48 MR
1511 = =T e = . L B N s e o O O B -
RN HLA T Wolbachia 19 4= 58 IR #2/E
( Tagami et al., 2006; Xu et al., 2021), X} H:
A BRI 0 53 AL T i — 2P R T o FE BT
AR ISR, X A PREE B BEIR, st
&34 B Wolbachia /& & K 1 3 B A BEE N |
XF A EAEY A SR B N TE A . Ak, TEA
A FIFREE ) BE T, S s B 4H AT 2 &
A P E W PEREIE (Moran et al., 2008), Bk
Wi A PR 2 TR 190 ) B IR P 5 AR A 18 T 3 A K
BL G ANTE R o FRATHIF I I e IR B g A T 1)
FEEHNMEER (Zhuetal., 2022a), $/4
W5 e R W) S A TR B (R A AR T
( Brinker etal., 2019), BRriZOIAMAEDSN,
FREEBARM U R AR RETIR IS, X — &
G [R) i e B — 29T
(3) LT J A Ty 0 B0 0 g DX P 2 0 B 5

BORTFF I S Hl o BEF st 34 T Wolbachia |~
ZAET 2R R RN, A58 AR MaE &
FE, M mal, SO IR TEA B A
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¥ ( Zabalou et al., 2004; Nikolouli et al., 2018;
Mateos et al., 2020), IT4EK, T Wolbachia
518 EMBOREAE il Fh iR ( Population
replacement ) s Fh#E i ( Population suppression )
TR, T i B 43 IO R s 1) 8 AR ( Zheng
etal., 2019b). HHij, T IRRKEL 58 FRAAR gt
PR AR RARE . SRR SSPYER. BV
EVRE BN AR e ] 45 [ B 1y FH T T B 4 i) 5
BTN R S5 WA e i B ARy, O U
B &R (Dutra et al., 2016; Zheng et al.,
2019b ), X SETFHPEMTTEA MR A BRI B
B 7 4 7 A RS SE ], SR ARl 3 H ) 2 €2 B 4
RO TR ST, IR E A UGE
WA, RS Wolbachia H.i/5 %75 35 Cl
45 KEL Nilaparvata lugens Hikk, S5 PN RE
JiEGe Wolbachia i CEUEHL, 755 510 5
ANEAT, SR CEMPECE ; [F]I), Wolbachia
JERYLBHAS T K RS A CEVAR ) &R i 5 1%
%, 83 “—HOEE” B ERCR (Gong et al.,
2020), HARFIH Wolbachia A B a4l F
) HH () 2 1 4 TR 20 By Be, (HRT U
Wolbachia $¢ A F T 5 22 28 3% 3 iy DIl P 4%
W, BAMEERLARME KRGS, BAr, XF
BEVE MR IG , R A2 | T A S B
BB, T REE AN B R B
Yghtk . AMRZVIKREAE T Z 01, L5050 TE
FEAE—E SR BRI, 38 VI RGBT & B B 4Rt i 35 B
FEdiAR . HH2ET Wolbachia i 5 = H-BE I CI,
H =5 B SRR R LRI, s, B
WU R F RN, HRZEAEREN, 5
SR R E o DRI, 5 A I 3 v Rl 3
AR TR B 2 R, R Wolbachia 15 A X skt
B 45 BT e A LS A AT
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