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Abstract Fruit tree psyllids are globally important pests that include the Asian citrus psyllid Diaphorina citri, the Chinese
pear psyllid Cacopsylla chinensis and the wolfberry psyllid Paratrioza sinica. In addition to direct feeding damage, they
transmit devastating diseases such as citrus huanglongbing and pear fire blight. Furthermore, their ecological adaptability
increases the frequency of population outbreaks and the likelihood of global expansion. This paper systematically reviews

recent advances in research on the ecological adaptation mechanisms of economically important fruit tree psyllids from both
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biotic and abiotic perspectives. In terms of biotic adaptation, the huanglongbing pathogen (Candidatus Liberibacter asiaticus)
hijacks the neuroendocrine signaling of D. citri to enhance female fecundity and create a microenvironment favorable for its
own proliferation, while simultaneously manipulating immunity and feeding behavior, driving pathogen-vector coevolution on
multiple levels. Similarly, the fire blight pathogen (Erwinia amylovora) hijacks juvenile hormone signaling in C. chinensis to
increase female fecundity, suggesting that this mechanism is conserved in psyllid—pathogen interactions. Regarding abiotic
adaptation, the temperature receptor genes CcTRPM and CcTRPV act as molecular switches that sense ambient temperature
fluctuations and activate downstream signaling cascades to precisely regulate summer-winter polymorphism in C. chinensis.
This indicates a molecular genetic mechanism of temperature-mediated phenotypic plasticity. In other psyllids, the wolfberry
gall mite Aceria pallida attaches to overwintering P. sinica adults and enhances psyllid fecundity to improve its own
overwintering survival, an example of the diversity of ecological adaptation strategies in this group. Ecological adaptation
strategies vary considerably among other psyllids. The high-temperature sensitivity of C. citrisuga restricts its distribution to
high-altitude areas of southwestern China, resulting in a distinct ecological niche partition from low-altitude citrus-producing
regions where D. citri predominates. Future research should prioritize the systematic separation of the multipartite interaction
network among pathogens, temperature, and psyllids. A key objective is to elucidate how environmental signals drive
phenotypic plasticity in psyllids via epigenomic reprogramming, which in turn modulates pathogen transmission dynamics and
triggers pest population outbreaks. With respect to control strategy, temperature receptors and key genes involved in

neuroendocrine signaling pathways represent promising molecular targets for the development of next-generation green
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control technologies that both disrupt ecological adaptation, and interfere with pathogen—vector crosstalk.

Key words Diaphorina citri; CLas; Cacopsylla chinensis; Erwinia amylovora; ecological adaptation; coevolution
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FEORIE ( EE, 2025; 5, 2025 ), S0,
R EM SR K, BEEBEEICTE TR,
A ] 249 AR 7 Ml vy Jo o A R ) S B 3,
r, R TS DR Sl W52 B £ R v 235 A2 1) R
REJT, EFEIL L, EeBRRR A 1 b
PG (2R A R, 2009; X5, 2023 ),
R AR ESR & HAREUER, ke me BT
B, H UL AP IS AL FE W N M A% R B Diaphorina
citri . AEMHHE AR T Trioza erytreae . HERLAEL
Cacopsylla chinensis . i % K Bl Cacopsylla
citrisuga . MIACAKE\ Paratrioza sinica PR A E
Euphyllura olivina %5 ( 221E3¢, 2011; B 0T,
2016 ). MEFRMAMBBUN, (REZAE, filfhzz
R, TRk, B R A LU X s
A ERIEER T . HfaH BADE: BifaEHE
R R I B T AT, DA AR

W, FECRHRIE . R S AR AR
15 W S 8, AR IR AL A Y s S A
Yy, WS EOE b B K E 2= (Gottwald,
2010; Wu et al., 2025; Zhang et al., 2025 ),
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XoF 7 Ml 2 AT S U A 3, AR AR AR L 4
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W EBUKR ALK AL JCRE I Erwinia amylovora,
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MY A SIE N RE T , 2 AN FE 2 A SR
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2024a; Du et al., 2026 ); AW, R
M) A BRI A | A1 0 5 R 2 e oy )
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ZIRYFRAI ] 31 ( Zhang et al., 2023; Li et al.,
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PR AEDGE I AR, IR T Gk o -
P BH Wy A 2530 10 B 1) 2 € A 7 o R 4 5] 5 0
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W FE AR o
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TR IR S AR BRI S5, AR U B v i e
TR BB S R SR e ( Grafton-Cardwell
etal., 2013; TRUEESE, 2025), XU 95> T-XF
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B, H A TE T8 S A PR A WM 5 (R
. 4052 (Juvenile hormone, JH ) il %
S TE R PR ) A A BRI A DR AL i TR
R YLl HOE TH-OP 6 s 8 32 R (VR ) il
XSGR K F 577 IR T (Nian er al., 2024a,
2024b ); [FA}, A5 shi#ZE ( Adipokinetic hormone,
AKH ) K HAZ1A ( DeAKHR ) 38 50 A 58 T 55
MEERE T KYS TH {55 U F 4ERr e i - 25 58 -
(Lieral.,2024a), MAHN, e =4 im0
il 20-FR KM KB (20E ) 55 DA 5 g 57 fi &
% (Ecdysis triggering hormone, ETH ) -JH i
PRIV, 2D P 4R T RE S A AR A
(Nian ez al., 2025 ) (¥ 1), ITENFEBER,
Z WAE RS SR PG 5 A, T
9o SR - IR ELAE 1 A1 R A R 4 (g A T AR 45
2025), Zi b, EIEH R 2 ERE S B
AN, SCHN AR A A5 5 AR A R Gk
FFE, WTTHGEA ] T B S50 5549 1) U3 [
LA R (Nian et al., 2026 ) (& 1),
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PGRRE, R IREAE A RN AR Y, D A
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=Y, RESER I 7 G0 ] il 1 AR =R 1 32 4k
R, JE 3l Toll A1 IMD 2545 53 4% Arp et al.,
2016 ), #RIM, EIWE KRN T —Em R
() B 0 ) T B o HG A A 1) v R TR AU AR 1
SDE3230 55 145 & K El E3 12 R 1% 0§ UBRS,
P e Sk 1 MyDS8 HEfT K48 ZRIZ &R
et , 51 A R-HABHAIRIR AR,
KEHERHWT B e (555 5, OB IR R
A P 3 2k i R 2 0 i A3 4544 (Du et al,
2026 ),
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Fig.1 Molecular genetic mechanism of CLas enhancing the female fecundity of
Diaphorina citri and promoting their own proliferation

CLas: MHEHEWRE LI D. citri: WINAHEART; Dopamine: ZUVIE; DcDop2: ZUEZK 2; DcAKH: J&3h

W DcAKHR: NG Z; 20E: Wi, ETH: Wik E; DETHR: Wik Z; TH: 44

BE; DcMet: IR EZAR; Fatbody: JENAR; Ovary: JUEL; Inhibited: f%]; Activated: #{J%; Enhanced energy
metabolism: $2ZEAERLICH; Increased fecundity: /A48 71; CLas proliferation: #JEH 3 4H .
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2009; FEAAEAE, 2022 ), {HIX TR AR R AR5
e Z AP Y I REAGE D (Sato et al., 2014 ),
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WP AR AF FAEY) 84 ( Ge et al., 2019; Zhang
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ZErh vz A¢ e ( Burckhardt and Queiroz, 2020 ),
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Venkatachalam and Montell, 2007; Lee, 2013; /5
BHJ54E, 2017; Luo et al., 2017 ), HpZUK AW %7
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& CcTRPM #5555 NINREVEARIEZ K, S ASF
ANK Z5H938 A 6 ANESIEIX, 76 1 # dpe sk
FRIA, 10 °CRRFATH [iH, DIGeiERY,
RIS CcTRPM 51% Ca™ Wi, VIERIZILH
Ji 4 BUEG AR SRR T B¢ ( Zhang et al., 2023)
(E2: A)

FEWR AL 2T, miR-252 ¥R 6135 CcTRPM,
IR AE L T 9 miR-252 fiff i HAM i, TR £ 15
IO R, SR i) A BTG AR A E ORI 0 B 1

1-3 A AR RE T, 3 AN AT il 5
W, 4-5 058 e K E AR RE (XIKOFAE,
2013; Li et al., 2024b ). 7 3 & ., CcTRPC3
BEMRIRAE S, 52 miR-2765 i, ARIEImH
miR-2765 SEIZZIRIEAL . #Z K Bursicon
VEN U AL, HesZ K CeBurs-R 5% miR-6012
EEE, R T miR-6012 LIS AL(E 54
( Sato et al., 2014; Zhang et al., 2024 ), % -, fi%
MRIE miRNA EYAEMRKRIETE CcTRPM

A
10 °C
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(CcTrel, CcCHSI)

WF-3rd

“Follicular
epithelium

L Deactivated

¢ Activated

SF-nymph

2 BREFSHERARAE-LRMEETHRENSDIFENF
Fig. 2 The neuroendocrine regulatory mechanism of temperature induced transition
between summer-form and winter-form in Cacopsylla chinensis

A, AR IELE Z AR CeTRPM 5 5 B R [l & RUBAR 705 HL s B, el B0 L Z K TRPV
VK Tav/Nan I DU 5 {415 5: 2 1 1] AL AR 14 53 F-HIL A
A. Molecular mechanism by which low temperature activates the temperature receptor CcTRPM to induce
the transition from the summer-form to the winter-form. B. Molecular mechanism by which high temperature

activates the heterotetrameric TRPV channel composed of the Iav and Nan subunits (Iav/Nan) to induce
the transition from the winter-form to the summer-form.

SF-1st: HAI 1 #4574, Summer-form first instar; WF-3rd: &% 3 #8757 81, Winter-form third instar; CcTrel: EEEHY
i 1, Trehalasel; CcCHSI: JUT JBi& Al 1, Chitin synthase 1; Iav: TRPV i % Inactive; Nan: TRPV il 3 Nanchun;
CcPKCo: #E MM C i) o W3k, Protein kinase Ca; CcAKH: fEzhi &, Adipokinetic hormone; CcAKHR: JE#hiig
%K, Adipokinetic hormone receptor; Ca®’': 551, Calcium; Ovary: B & ; Fat body: JEHifA; Follicular epithelium:
BRI Ve BIEJREE, Vitellogenin; VgR: BI#EJEE 524, Vitellogenin receptor; Glycogen: B¥JF; TG: 1
VM =g, Triglyceride; SF-nymph: HAIZH , Summer-form nymph; Chitin biosynthesis pathway :
JUT A A Deactivated: {2515 ; Activated: i
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CcTRPC3, % Bursicon Z%HXIR Zh 5 Y ) &
AR X —Z )20l R T AR BT PEE N A4
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23 =B
B4 FHLE

B ZE TR il A& b I RUOR B4R ] BRI
L o e D A S S Y A O =2 S | A =R
A, BRI RGN ET, H&Z™ 0
TR B BREE SRR, 10 CCTF 4
MERONEIGLR LT, FE 25 °Cla NPk
2, = ER RO R i TR, CeVg/CeVgR
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2025a ). W A, WEEH 10 CH =
25 °CIf, TRPV FKJGEW G Cclav F1 CeNan 1)
mRNA 3 Fi#, TRPA ZJEICH , #2758 TRPV
18 18 S F RN AR L o BB TRPV £ g A Wy
B 5 8 S (Gong et al., 2004), SIHFLshY
[ IR B SR ANA] ( Caterina et al., 1997 ),
IR AR BRI IR & A T DhReANHT . 41 SE R e
52, Cclav 5 CcNan 7ES | 2H %8 i R DU R IK
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(Lietal,2025a) (€ 2: B), NHHHAEAR
IR AR B TR ISR T 2%
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Ca* Wi, #i%& CcPKCo MRk, )i shiih 2 ik-
MRS ZE W% CcAKH/CcAKHR, BKzhAER 5 7
5% E . DU Celav. CeNan 8, CcPKCa 1
FEHREA L . DY 5 RS2 BH RN IR S5 . 1%
B ELAG BRI R . O LR Rk,
RV B o [ 1F 8 4% U ME B e TR AR R A
W 2GR T, AR AT R RNAT Bl G
FAL, TRPV PRI WA (Li er al,
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HEF AR L QERRT

AT IR S N IE S 24 EE RIS R
IR AT S S A AL T G Ak, d s 98
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A, S TR N 5 AT O A AR A
( Zhang et al., 2023; Li et al., 2024b ), HHEAEL
R A8 T A TR [ A AR AR, 1 45 R ST 3 I8
X EE 3, LA DG 1 A7 5 R AR e R A R Y
( Wenninger and Rashed, 2024; T — I 55,
2025), FHAARTUR O] AE I DI O B AZ 28 X
4l . ZRUNE PR IS R AR L2
1, DNA A0 FIZH 25 800 © e SEAEmF
TN A R R AR 2 R T R HEOCHE A, (1
FEROR EURAE fp 525 1, TRP 3l iR 517
FE IR RAFARSY

AU E A ST A -miRNA-TRP-#1 2 Jik -
RN 3~ P AE B2 Ry HAt AR B 5T 4 3t 1 AT 1
YR TR o RHAR AR BRI | 7 A A £
L B8] %o Tk A A e B U, LA 6 T S PR AT g
FRI TRP HLHIA T RS, PR 2R 05 S
BERESERGESHENRELT, BR TRP
5 1S 38 B A A] REAAAE S XA ( Wang et al.,
2022 ), {HARFERE, FUKE TRPV HFHMUE
AL IR B BN RN S ORI BEAR R TR , ISR IR
JEE T R 30 e A7 3 T DR S R M) e MR i S 24 55 1)
FHRIRCR , A S-S0 hR- 2550 BAEBE TR RE 158
WA, ASRATEIZE TRP KCAEEL R FF & RNAQ 44
DR B R S /N TR ) R A
e 1) A AT SRR WA S B, T 2= A
B2 Z 80 Rl 35 iy, o 3 gk a4
b U

3 HEtRWARREENMILE

3.1 HMfEAKE: FhiEEIERBhA £ RSIE N

R A T A 253 I P 5 s AR B AE L 5
FERE Aceria pallida HESTBYMER H B SCR
( ZRERIATE, 2021 ), FPAC Ll & — P 2% UL A #5455
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g 3 P TR B R AR R 5 R A AR R S PR
h, BUERUROR R EA % EWEF R B BT
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XPIZAEE O 2R 50 FHLHI AT 5T 32 24 h A B A
J5 7F FAEYAN TR R ) AR, AR TR
AR B 57 TR o WFIE B, MR Ak At AR
AR FTILER 2 £ (TEMR Lycium
barbarum ), Wi# i P84 25 EAEY) AR
SEHAHE 2 (Wu et al., 2025 ), 520 54015
YHIRA A3 BT S < AT B s B Sy T g 2
A E0AESWAREYHRE, I LK R
( Salicylic acid, SA) 41 SHIB AL S ik AE W)
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AR AR, X B B IS /N ( Yang
etal.,2023 ), WFLL[FFERE, 25 FE 00 AT
R E 2 ] X — T AR AR A ——
LIS L e B R A R A AR R AR L, AR
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SRR E ARG OC R KRR E O . Utk
b, AT B A R ) A e Bk A A
H, RE CESRE TN BEEEPER.

SRINT , gl an ey 4 S MR B R B T R mlUA
BE L ARG S R A ERITNEEZN
DRI R B 22 BRI S A0 4 Tl HRT G T
i, AHCHFTEA S B A A A2 5 A B2 2
Sy TR BT I SR 25 o

3.2 HREARER: RERINEIERS 5 RE

T AR TS o T A B A A A7 TR Y
RGN, A2 IR R PR, FERAET
rh ] P R = AR A AR P X (850-1 500 m ), 5
T2 53 A0 AR 0 S I A AR A EUAS ], Al A
T\ T M 5 14 T 58 e R g A ) v R e (38
45, 2012; Wang et al., 2021 ), WiTELE fr /0 Hr
FW, hwg KB ATTE 17-28 CoEmiAETR S, Bk
N 20 °C, EERSEEN 8.50 °C, FEM
— 7 333.33 °C-d. WETEARES KB BB
F7 HARISE Y AC T[], 28 CCH ok e 5 i 1 45
T TR 31 CCHE IR T Wk S A TG s
T X v vl P R AR AR R ] T I TR
PIRIWE X B4 5L ( Zhao et al., 2025 ), Atk
SER A C M IERRIA R R EUR Clade-T AL
( Wang et al., 2021 ), {FLEE IR S it 32 (1) ¢ H

M (PREEA . B ZRRALETE TRP 45 )
AR REE T, XS TFILHATFFRARR.

by A T T S T 48 T B I S Y
JRE (CLas) (ERR%5F, 2012), BFAMJE#A & B,
B AR T i g R B R B I, A
Xof HAF 0 RN B S 7= A R RS, 165 750 i ]
RE I 1 AP A B R B W S ORI A B
FERESE L AL, Mg R BEERTEIA S F(17 °C)
HA K F A, 3R B M T R85 s Jir
P TE B PR P R R A FNAL 4% S5 ( Zhao et al.,
2025 ), SR, IR DA L0 ] 52 ek s A L I
it 52 . DA SR e T2 T W EAERLE] (4D
o sEim i . I AR ST ) MR, TR
AFSE

4 BES5RE

Ak, B R A A TE WAL HIATF 5T
B R DAY T ORI ) A4
P CIRBEm Y, ) A U 3R B 1438 7 5 I AE 42
(£ 1), EWHFLUERE, LAAE AR5 e s 5
ARG R, MIIRZE R TRIES AN M E 2
A1 431X 17 9 B i B R A M N I E
PET¢ 0t A B B s R OO, T B R AR
B DM 5 38 3 S5 DA SN AR 1 R A T S Sk B
F . B R RARAL 515 AW, SC kit S
FEAAZ YL ; [R]B RN I AR A T4 T R LA 5
AR . XL % BN B H - i A DB [ B
o A 1E 2 00 1 W ) A A BT R L AR AR R T
B, JREESZARIL CcTRPM 1 CeTRPV VERZE
VRIS N A IR R B, SERE R R TR (S
SIS R (R W mE M AR
I TS S i 5B 1 7 NN ST SR Ve
PET B R o AR B RER ST i —
JE T3 IO SR W () A, AR DR R A T R I AR
PR IR AR N | A7 E R R L
DA R A AR M E A, L[R2 2 )7 i A=
PO VAGIE:

AT RV T I 55—, b4
HAERIZE 028 SO TS HL o A AT 22 AR — 4k
J& 5 A ek AR AR W R T A IR BN, SR T AE E
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