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Influences of gall-inducing insects on the physiology and metabolism of

host plants

YANG Meng-Ke, LIU Sai, QIAO Hai-Li, GUO Kun, XU Rong, XU Chang-Qing”, CHEN Jun”
(Institute of Medicinal Plant Development, Chinese Academy of Medical Science and Peking Union
Medical College, Beijing 100193, China)

Abstract; Plant galls, the abnormal outgrowths of plant tissues induced by gall-inducing insects, are
ideal materials to investigate the co-evolution between plants and insects. Gall-inducing insects are also
important pests in agriculture and forestry. Investigations into the effects of gall-inducing insects on their
host plants are useful to reveal the relationships between gall-inducing insects and plants, and can also
help reveal the growth process of host plants. Besides, investigations into the responses of galled plants to
gall-inducing insects are helpful to screen out the resistance indexes, resistance genes and sensitive genes
of plants, providing a theoretical basis for resistance breeding. This review focuses mainly on the effects
of gall-inducing insects on the photosynthesis, physiology and metabolism of their host plants. Gall-
inducing insects generally reduce the photosynthetic pigments and photosynthetic rate of host plants, raise
the contents of primary metabolites such as sugars and amino acids in inner tissues of galls, raise the
contents of secondary metabolites such as non-volatile phenols and flavonoids and volatile terpenoids in
outer tissues of galls, raise the activities of protective enzymes such as POD and SOD, and raise the
contents of phytohormones such as IAA, SA and JA in host plants. The current research data indicate
that investigations into the influences of gall-inducing insects on the physiology and metabolism of host

plants are even in their infancy, and the influencing mechanisms still need to be further explored.
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P (gall) TEAE )95 B2 T2 4R M) 52 B 3L
RIEH L E WA AT, R A B
PR R K B AR AR IR T A Al A G
WIGTH AN AT B, 2 F AR SO W R A= 25
MG (Mani, 1964) . H TR HUR R 2 A B
(gall-inducers/galler) , (Rt , e SC FHEAEY) | Ay98E8:
PR Ay OB 3 2 B PR S B L 1R (gall-inducing
insects) o #EFETT, a4 130 000 Ff B 4L Al 75
S YT B L3 ( Espirito-Santo et al., 2007 ) , E &
KRS SUISRE SIS IS IN ISR IS ERER )i
7 H (Raman et al., 2009 ) ; #4) JL-F- &> #8037 #B
TR HEE, AR 28 i R R SEAE, Horp 75% DL
i dBE A T2k R R A4 (Inbar et al.,
2004) (F£1), KEFrBEUEE Ry aF FAY P

—, — PP B BB AR LA R E ALY R E A B B
KF ML B AE Y EIE B dL 82 ( Abrahamson et al.,
1998) , #43uf WA} ( Eriosomatinae ) FZE/EH & Ulmus
T 1 IE R e, 84 W0 SV P} ( Pemphiginae ) 3 %27
¥ )& Populus ¥ ) b I8 B HUBE, 11 AR B 0 R
(Fordinae) F B 75 ¥ & K J& Pistacia FE AR &
Rhus AH%) FIE AU (HI5 4, 2016) .

s B UL TR AR s AR AU N e,
W EAYCER oY) . SO R SO R R
SUARIAE AN J7 T - (1) 52 0 2 35 A6 ) 20 it A 20 28
ZEE) G | RS AR ) A0 S Ak | G 5 5 R 0 i 2
T2 L A R[] 3% 22 7 RN S AL S B R I A
( Florentine et al., 2005 ; Giron et al., 2016 ; pREZE,
2016) , & BUAEYIM sl BER S R B I,

x1 FEHEREH

Table 1 Main gall-inducing insects

H#% (A Tif B IR AL B 5k 225 30k
Order Family Species Formation sites and characteristics References
S ulE ] R FRAET 8 ) e T kAT B AR R e Wi &1 BRI #E Ib¢
Thysanoptera Phlaeothripidae  Gynaikothrips uzeli Leaf; leaves fold along the midrib to form dumpling-like galls 37, 2014
ARTFE AL e IR BRI e HHIE [ AR R
Chermidae Trioza syzygii Leaf; leaves swell up to form tumour-like galls 1991
kS y SIS /S5 i . BROMR H
B ?}?Eﬁﬁﬂ A ?J?J‘l? ﬂf. ?J?/U\Hikﬂ W 2011
. Adelgidae Adelges laricis Leaf; spherical galls
Hemiptera
HE WF R AR 7 RS it B o ARFRIE IR AR ES 1, A AR Powell et al
Phylloxeridae Daktulosphaira vitifoliae Root and leaf; tubercle galls in root, and granular galls on leaf 2013
il N (~7. =S A Ly 2 g b i
Jﬁéﬁ%ﬁﬂ ﬁfufﬂ? o i éﬁ/{@?@‘ﬁ/%&/{kﬁkﬁ A 2002
Pemphigidae Melaphis chinensis Leaf: rhombic/spindle-shaped pouch galls
x4k LR SEFRCT B Georgiev et al.,
EsfehE| Cerambycidae Saperda populnea Stem and branch; spindle-shaped galls 2004
Coleoptera i1 BB R (B« SR Jiang and Zhang,
Curculionidae Gymnetron miyoshii Flower(ovary) : spherical galls 2015
figh 3 175 0 e A 4537 T ik : JRIR g
ﬁﬁ*’;ﬁ in*y%ﬁiﬂ P4 125 3 0k - ket JEH(EE. i 2009
Lepidoptera  Sesiidae Paranthrene tabaniformis Branch: tumour-like galls
XA P iy 3 I I  JEGR H
X.ﬁﬁ Eﬁgﬂ . %JEH‘)"( . . s AR FEAIESE , 2002
Diptera Cecidomyiidae Diarthronomyia chrysanthemi  Leaf; bullous galls
RS MRt i s BOR S
. o . Zinovjev, 1994
Tenthredinidae Pontania viminalis Leaf; spherical galls
SANMER ZEEG . WIE Bagatto and
e Pteromalidae Hemadas nubilipennis Stem: ellipsoidal galls Shorthouse,, 1994
Hymenoptera 15/MFFF RO TR« FRAR B34, 2004
Agaonidae Ceratosolen fusciceps Flower(ovary) : spherical galls
BLRER} S HCF R B g 2R kR A
Cynipidae Dryocosmus kuriphilus Shoot and leaf: spherical galls 2019
T/ MR el YN S LG UWRE /N

Eulophidae

Leptocybe invasa

Shoot and leaf; pouch galls

Li et al., 2017
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ZIE M N A R AS LA B8 EL 1 (Hartley
1998 ; Stone and Schénrogge, 2003) , (2) FHa 2 &
FEA) 00 A BRAIARSS, s it OG-SR ((Patankar
et al., 2011), 3 3R 8 2 8 3+ W) o0 o AR By o
( Martinson et al., 2015) , 1iiAG | T~ Hut py St By
4 K % F (Nabity et al., 2013) o HUBUEATSE R B
S o R R A Y s AR R L, W A B0 L e xof
AF FH Y S ACE B T iR R S
TN FR , B B A 5 A8 ) U3 m) 2 A 4 3
SCHE T ELAT BT T AR 6 A W 3 v S 3
TR A PR - S A B ARG SR AbHE 4

1 BERERNFEEMESERNZIN

Ex AR IE SO A VR &R AR BEE Sh S AL hE
HORTE W NAEY AN R PREE A AE Wy 38 45 )
JT LA, BOBE Lt ] 5 A ) - 3R 7 i ( Carneiro
et al., 2014 ) , &5 K4 W1 Ot 4 3 % ( Patankar et al.,
2011 ) , &2 52 Ay 3 B A 9 5 A1 0B AR e 7
(Bagatto et al., 1996; Larson, 1998) ., Fr#i R dv X
A FAEYCAER N, FERRTDEE R Ot
BHRFM SR IOCSH3 D Im(£2) .

®2 BERANFIEMAESIERNZME

Table 2 Influences of gall-inducing insects on the photosynthesis of host plants

BomE & LY WHFEEs R E= BTN
Gall-inducing insect species Host plant species Results References
AE B I 23R B el

Nothotrioza myrtoidis

FEARE

Pseudophacopteron sp.

Psidium myrtoides

FHIEAR

Aspidosperma australe

e =g-=d
LGy N i
Pseudophacopteron
Aspidosperma australe
aspidospermi
i BT

Bystracoccus mataybae

Matayba guianensis

Chlorophyll content decreased
MR R R R SR, MR TOURZ
Chlorophyll and carotenoid contents decreased, and

chlorophyll fluorescence unchanged

el A MR ITRE

Net photosynthetic rate unchanged

MR BT DR S, HRRTOLRRT
Chlorophyll and carotenoid contents decreased, and

chlorophyll fluorescence decreased

LR TG T T Eip gt
Melaphis rhots Rhus glabra Net photosynthetic rate decreased
JR B ik R S gt e

Epiblema strenuana

Daphnephila spp.

Parthenium hysterophorus

AN
Machilus thunbergii

Net photosynthetic rate decreased
MR B, AR RSO

Chlorophyll content decreased and chlorophyll fluorescence

decreased
P KAz 2RI
Bruggmanniella sp. Litsea acuminata Chlorophyll fluorescence decreased
P8 FAT R R AEY) L E A
Antistrophus silphii Silphium speciosum Net photosynthetic rate increased
SR WU 2 L AR >
Dryocosmus kuriphilus Castanea sativa Net photosynthetic rate decreased
N W AER L E A
Trichilogaster signiventris Acacia pycnantha Net photosynthetic rate increased
P BRAT P B AP Eip gt
Phytoptus cerasicrumena Prunus serotina Net photosynthetic rate decreased
ALl TR LRSS s ¢ U
Aceria pallida Lycium barbarum Chlorophyll content decreased
P05 Rk iy gt

Vusatcs aceriscrumena

Acer saccharum

Net photosynthetic rate decreased

Carneiro et al., 2014

Oliveira et al., 2011

Malenovsky et al.,

2015

Oliveira et al., 2017

Larson, 1998

Florentine et al., 2005

Huang et al., 2011

Huang et al., 2015

Fay et al., 1993

Ugolini et al., 2014

Dorchin et al., 2006

Larson, 1998

MRS, 2016

Patankar et al., 2011
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e R EEYCE R T2 5O00RENI A%
328 LA S5 R IR A2 SN 3R, AL 45 4 3R Al
KEHE DR, BHEITE i SR (9 2 BE A B
(BRI AE, 2004) , MR @ Y S 50 E
MM EZEAR, 5ER8 71 L OR E B BoA B
AHOCHE % bR W2 A 06 & 1 R Y B 248 B
R (R IESE, 2003) , B E ARG AE Y
R LAY G R, LT A OB A A A
R EWB ARG, ARE R R 3 Nothotrioza
myrtoidis TERE A IR BHEY) Psidium myrtoides 1755
ey dut, Homb g R E & B E AR T @R
( Carneiro et al., 2014) o i H., — 26 8K [R] 3547
ARy £ 3R B ik A L AT T 22 5%, QN £L A Machilus
thunbergii 3 HUBLFR A - ¢ R B i A2 0 M2 R
( chlorophyll) — -2 % ( pheophytin ) — Jiji 55 M- 4% iz
( pheophorbide ) , 17 HUBLER A7 Ay « 4 38— JI AR
22 ( chlorophyllide ) — i 85 M- 4t iR ( Yang et al.,
2003) , HUEEERAEEH N R WA BRI B, W
AREEE B Pseudophacopteron sp. 76 H 'R ARG Y
Aspidosperma australe FFE 00 B 2EEH 8 N RS
B ZE T B (Oliveira et al., 2011)

o R 22 BB R L2 S BUR YO0 R
6, UnS I SEEE W% Dryocosmus kuriphilus {85 1 F
CO, [Afb &AL 30% (Ugolini et al., 2014) , #2RE
TEPIEE N Phytoptus cerasicrumena 146 38 T 4% T 4F
Melaphis rhois 7¢ 22 BF 82 Prunus serotina F1 5% M i3
Rhus glabra [JE B HUBE )5 , PP BN B A %R
3 FL AR BRI R BRI T 47 % 1 50% 5 ARk e o) 2
WEECBRR AR G2 RO A BUR R i AR T
24% , TiAE T I BB MR R G ROt G R 5
FHHETE 2% 28 4k (Larson, 1998) , SR, 147 265
PR HOXS A7 A 1Y O B 3R T W S, Anig
18 & % AR FE Pseudophacopteron aspidospermi 1F H A
JEAEY) A, australe 3755 (%) BB B AR it A
I, G EE R I E 2 % (Malenovsky et al., 2015)
L OO B A S A R AL S A RS 5
HYCEVER, U Antistrophus silphii 75 ¥ 7 B
JEAY) Silphium speciosum & B B3 8% J5 0] ig & 4%
AR BT K B PRAE M 7 T R4 T S K,
PETT $2 @5 0 5 R (Fay et al., 1993), G/
Trichilogaster signiventris 1 % 16 A &
pycnantha FHRAR EIE B 98 38 5o 4 i AF 06
BHRLIH L H B E IR R, BUE 5 AR 4 1Y
“JR-JZE” & £ (Dorchin et al., 2006) ,

Acacia

M2 R IOCSEAA AR YOG A 1R N TE
PE” RE A, A B 2 SR DO HAR K B BB L Y
LFROGERCRE YL RO E RO Fv/Fm 5505 2
Hrt 323 17 520 (Oliveira et al., 2011) , qnECEL B i
5 Bystracoccus mataybae 1755 Bt B A 5L BR Ot
BRCRAL T HE M B ( Oliveira et al., 2017 ) , 21 ¥
M. thunbergii & Wi Ff 2 I50 Daphnephila sueyenae Fil
D. taiwanensis 53 1) HUBHR AL e KOG BRI AR
T B %K 7 ( Huang et al., 2011), — Fir 8 iy
Bruggmanniella sp. 75 KM ARZET Litsea acuminata |
5 1Y OB Je IO A ROR IR F] — I R g st
FRAL AR R 1 25 AR (Huang et al., 2015)

2 BEESRNFEEDVIERERMm

B B AR Y R R 3 T AR HUBE N
BB B B 27 A W) B TR 7 A R e OB
( Florentine et al., 2005) , BB W1 “ & IR R UL
(nutrition hypothesis ) I\ Ay HUBL L U= 1 4350
PR W i L E JE ¥ I (Stone and  Schénrogge,
2003) , HEUE EAEMERE R OB R RS E RY
J& (Raman, 2010) (£ 3),

2.1 SHEERMBRH M

WSS R SO B R A R R IR A o, B R o
i 5 R I TR R SR ) B, 4
K K % F L acuminata |- f) — P 2 0w
Bruggmanniella sp. 1558 B HUBEE o] P 0E &
TR A (Huang et al., 2015) ; Jg HR MBI
Asphondylia sp. £ WHR Dimocarpus longana W (8
J5 AT SRR RO S B R TR (e
HA, 2014) , HUtZd SUREE BBt gl SR S B
WA ZESR, W/ NE B Mayetiola destructor 17 /NAz
J BUBE IR R S TR TE R SR SR BT R
N U J i 20 2 ) OB AL e #% (Rani et al.,
2017)  [A)A, Bt B Hu3d 25 52 e 25 32 48 W) 44 9
FAG BRARHE IR 3K, Q) 2 LR B Dakiulosphaira
vitifoliae N FER 7] Vitis riparia M 7 J5 7] 5] # % £
SR~ el Y P SE SN i R
(Nabity et al., 2013) , X SEFLZR Sy HOBIE f )« 5 7
il St 1A ks .

2.2 EBRMEERM

A 5T R R R A — VAR i 1A B AR i 3 1 )
JET LA, OB Bt R SR T R R R A
BEMRE SR, WAL Eriophyes pyri EUBLF 51k Ak
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Table 3 Influences of gall-inducing insects on the primary metabolism of host plants
SRS EiELY) WHFEEs R 2230k
Gall-inducing insect species Host plant species Results References

AR

Nothotrioza myrtoidis

Be i

Psidium myrtoides

SRS, R
Polysaccharide content increased and nitrogen content  Carneiro et al., 2014

decreased

Hidfy

Bystracoccus mataybae

LT

Matayba guianensis

ZBE VER SN, AR AR
Polysaccharides and starch contents increased, and  Oliveira et al., 2017

nitrogen content decreased

AR A

Daktulosphaira vitifoliae

%]

Vitis riparia

IR AN IR S i 3 S AR B8]
Transcripts involved in glycolysis and encoding amino  Nabity et al., 2013

acid increased

AL i " L o

JbE—HiiE e SRR FAIE T R 25 B3 Tooker and De Moraes,
Gnorimoschema

Solidago altissima Linolenic and linoleic acid contents increased 2009
gallaesolidaginis
o K k% T T A

Huang et al., 2015

Bruggmanniella sp. Litsea acuminata Soluble sugar content increased
A RTLNG Je iR ke Nig=x~F-3irdeg e )ill

Asphondylia sp.

Euphoria longana

BB AR, 2014

Soluble sugar and free amino acid contents increased

/N2 BRI

Mayetiola destructor

INE

Triticum aestivum

A3 06 H K B 0
Glutathione content increased

PR O et P ARG, AR R o A

Cinnamic acid content decreased, and palmitic acid

Liu et al., 2015
Zhu et al., 2011

content increased

IKAE PRRERR AR AR R 25 f 38
Zhu et al., 2011
Oryza sativa Cinnamic and palmitic acid contents increased
S eI ES LLESeane il
Ugolini et al., 2014
Dryocosmus kuriphilus Castanea sativa Carbohydrate content increased
THHA /N LY MEZE 3 WU AT )
Martinson et al., 2015
Pollinating fig wasps Ficus obtusifolia Transcripts in carbohydrate biosynthesis increased
ekl BHE AR
# AR TER Li et al., 2017
FRARAST B U /)N e Eucalyptus Nitrogen content increased
Leptocybe invasa ke SR <R 26 ik
Isaias et al., 2018
Eucalyptus camaldulensis Inner of gall: lipid content increased
A THEAM EZ i Ry
o BOCA%, 2012
Aceria pallida Lycium barbarum Polysaccharide content decreased
AT D, PR I AR R i R
BN Sl - ¥

Eriophyes pyri

Pyrus ussuriensts

Soluble sugar content decreased, soluble protein and free B4 %5, 2004

amino acid contents increased

THL Pyrus ussuriensis R Al 3 3R S0 T
34.14% e A MR & /e B J 29. 95% , i B Il
M & ik ) 84.08% (BRI i\AF, 2004) , )4 HR 9%
W D. vitifoliae S EHZ V. riparia M5 0] 51 %%
fith 2 JE R AN SE IR B U ] 823K (Nabity er al.,
2013) . HeAb, HOEE G Bt S8 8 Ak A o S 1 00 A Y
WS, 2 Fp B0 Andricus quercuscalicis F11 Diplolepis
spinosa 43 S TEZ W Quercus robur F1 K 3% % Rosa

canina 1175598 B0 HUB RGN T RS S AR R
T\ AP, XS 53 R 43 i Ry 62 Fi 43 kD
(Schonrogge et al., 2000) , PR A HELEST AR
SRR S H AR P REAT O, /A
JEIE M. destructor FFREEAZ L /NZE 72 h )5, M 4y
T k2 I, A e T IR BB AE R 251 2
75 e T O T DR A A L B 2 45 05 , ) It 2 5 4
Y 1 A= Py AR Az 9 18 38 B 1) 5 5 % 5 ( Ghanta
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and Chattopadhyay, 2011; Liu et al., 2015)
2.3 FtREEWBRAR M

BRI BUH R Ui AR R o, (48 K 24K
FOEE L H B ToEA BUIR IR , BO8 5 8 TSR
RIS BRSBTS, An s R e Rk A gk
Gnorimoschema gallaesolidaginis 1F At 35 — ki #% 4k
Solidago altissima 1755 i) HUEE R | S R 8 A0V T R
i 0 R TR R, X T S g g TR g B
W H B A Bk E R P AR Y 2w R TR
(Tooker and De Moraes, 2009) ., 4, 8258 A VE
SAE T B HE B AR A T, N 22 80 ML
destructor }F PP 5 | K AH I BCIR R | B i
TR AR 3 IR I R 75 15 184 I, G rh 30 R A i
2 2 L ) 25 TS 5 5 B AR ) Bt ( Zha et all.,
2011) , BEEARFPEELEEE Baizongia pistaciae 1F 3% %

AKIEHY Pistacia palaestina 375 F 0 BT E &K
SATPER G , 2o 18 BB 45 OR3P it 5052 S ) HL
B YRY(Rand et al., 2014)

3 BUEEREMNFEEWRERERN

UCLE A ) R AL D 7 4% R R S5 13 (A2 )
A A= P 1Y) ) 04 B 28 B, B0 R U o — Fh s
IREGLERIIE N T, SHYA ERIRI SRR —T7
TETREL ) 7 A DR R U A ) o A B A 0B B Ol
73— 77 T L R BRI S U AR W o AOR 3 OB
PO R F R . H AT B b AR
ORI SE LAAE 4 S P S SR R A ) o S P28
WA (K 4), FENBAZ AT THSE: (1)
TR W2 LR v B o3y OB ZURNAE BB Y, il

x4 BEEANFEEWRERGHRE

Table 4 Influences of gall-inducing insects on the secondary metabolism of host plants

BOEE i o EHEY) WHITSs S 3CHk
Gall-inducing insect species Host plant species Results References
A B TR AL MBE > (0 dU .
Dias et al., 2013
Calophya duwauae Schinus polygamus Anthocyanin; red gall > green gall
LR UF WIEARRHEY) PR AR S
Rostas et al., 2013
Slavum wertheimae Pistacia atlantica Volatile terpenoid content increased
T SR R UF WIEARRHEY) PR B S A
Rand et al., 2014
Baizongia pistaciae Pistacia palaestina Volatile monoterpene content increased
HEIARIR Gk 2 A I AR .
L . o o . Nabity et al., 2013
Daktulosphaira vitifoliae Vitis riparia Transcripts in terpenoid biosynthesis decreased
P AR i3] AT R A
. . . . . Huang et al., 2011
Daphnephila spp. Machilus thunbergii Anthocyanin content increased
AN BRI RN HREIN ZR A B e A B
. L L Subramanyam et al., 2019
Mayetiola destructor Brachypodium distachyon ~ Transcripts in phenylpropanoid biosynthesis increased
s T P 7 L BA T A R
=% o R , Egj@t RT R ”‘m , Allison and Schultz, 2005
Andricus petiolicolus Quercus prinus Epidermis of gall; tannin content increased
FEHHA /N KRB AEY) PR U SR ARG .
. . . . . . o L Martinson et al., 2015
Pollinating fig wasps Ficus obtusifolia Transcripts in flavonoid biosynthesis increased
Eili 3 HBEANER : MHA R I AR
. Eucalyptus camaldulensis ~ Outer of gall: quercetin and kaempferol contents increased
e A . @ ' Isaias et al., 2018
be invas AL [heaE eyl B
Leptocybe invasa = Ao BAE
Salix caprea Phenol content increased
RS /| i e R L Li et al.. 2017
Leptocybe invasa Eucalyptus Total phenol and tannin contents increased v
S b3 —k AL R AZ 5 Tooker and De Moraes,
Eurosta solidaginis Solidago altissima The contents of volatiles unchanged 2008
i W A i
J;.W . MR ZH e . Westphal et al., 1981
Eriophyes cladophthirus Solanum dulcamara Polyphenol content increased
A LT HA Al Ll T R IER R
Chen et al., 2020
Aceria kuko Lycium chinense Polyphenol, rutin and chlorogenic acid contents increased
A T HEAMIL ARTE P R B 5 e B

Aceria pallida

Lycium barbarum

Scopoletin and ferulic acid contents increased

M A4, 2020
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INAy HE2H 2L A B2 25 A T 2 R A AR
Jii (Hall et al., 2016) ; (2) fOULJ2 I BB 254 53
HNFREFFHL RSN B A L, R A 5 E
FEWBT, DAV ZH 2L A U TR 2 | 1 2R AR T A
Yoo, O b S5t B e A 52 HoAB AR W 1 27 AR B B
(Braganga et al., 2016)

3.1 XIEERMERERGFRE R

AR R U A A 3 A A ) B
Bt F-B , Vr 2z e R R oy F e SR
KRG T, BOBE R J55 97 FAEY) &
R Wy 2o, HLBE BB AR AR A, Qv e - e
Pontania proxima | Pontania pedunculi 43 %175 S H
Ml Salix alba FIEEAEM) Salix caprea M- EUEEFE K
ey o, R e 24 i B OB T G, ELER
2 TIER M R (B TESE R 24 s, st eh
WA e U [ 22 0E R KF- (Hartley, 1998) , 205
WFE R W A B o SAEY) B b 45 T H%E
YERS, R EUAE - (1) AR 0 B0 B R iy Hi 1 5 19
FAE W i BEE A G, BUBE R H A7 TG A
AR 2 A B 5 1 AH 56 ( Westphal e al., 1981), (2)
MRA WS 5% FHYR R RIEFER LT
PP, By 2H O WIS AR AR TR 175 5 37 AL A
P LR b A S ARAE ) 0 2L (5 5 W) BT ( Ranade
and David, 1985; Dakora et al., 1993) . (3) 24k
BT 78 A R P9 Vs -3 - 2 TR AR AL BRI AR,
VR JE Ty AR 5| -3 - TR (TAA) g e DA T ) 4 S5y
FRAN ) 2 L 384 /R 434k ( Carneiro et al., 2014) , BA
T OUPRERIR R ) J— 2R H B Wy 289 Jo , eyt
AT S RE R S T AR AU 21, FL R A R
BT T H 60% ~70% (Howes, 1953) . W24 iM% T
TR TR LR F B LAY T 8F Melaphis chinensis 7§ 4= 1F
FRIRA Rhus chinensis Jz 1 [7) Jg HAbAE #1154
B, HO T BT 1 40% FE 47, fie i Tk 70% LA
F(ZFEFMHSE, 2002)

B B U R 2 5 R OB A S e i A2 A
HEESEHMZm R h AT R, B2k
W—FP B P R BRI I A H S 2
o B 5| B E AN AR 45 ( Vanderauwera et al.,
2009) , o R B K& Calophya duvauae 755 1)
ZLfo B R R i W T O U R e
F, Dias 45 (2013 ) 4 WX 2 Hy T£L 8 HOst ) A 2ot
B R AR RS R, T 0, e P B0 B e e R R AT
AT TCRE R R th TEUE R M S I AR,
HURBIE A0 A FAH ) B I 5 R AR AR A XU, — T T

PRerF FA G (JUB) JEAT YA, 55— 7
Bear FUCERBIE TR A . BN TR U
R B L MR LA A 7 SR B4 il 1T AR A 2L
JE BB B AR RS O R0 <z PRt , HOBE N S 2H
LUl W SR W E R BT, JUESNRA LN S A
BRI LY, AR BB/ N L. inwasa TE R
¥ Eucalyptus camaldulensis W F 11755 ity Ut v, A
PR ZULL N BB 2 5 A B g vk A A B 2R A LU 2 1
TAEY) , S YA B TR K0T 48 e 3
759 20 A AR SR AR S, DA DR 47 U (Tsaias et
al., 2018)
3.2 XHER MR AR R A RN

HEEMA VLS Y (volatile organic compounds,
VOCs) JEAE Y — i [0] 422 By 48 T~ B, VF 2 M ) 2 A8
PR JURCE 5 2 RO RS 4 L MEA DL, i 2
PR MEAT WL AT A5 W) B 5 | R Rl iR skt 3 4
# (Turlings and Ton, 2006) . /=248 Y Tk 254 i
AV A REFEFE R E R, AR B K il
KW AT R e A R R ZH G S s
3 ( Gershenzon, 1994 ; Larson and Whitham, 1997) ,
FE L RURRIE 5 A 7 A2 VOCs , Q8T A ffy 8
WF B. pistaciae FHSEENRBHEY P. palaestina 1
f18) e R A B AT 10 ~ 60 A, HL s
W AR OB e B S 2 A T[], HOsE e
MR L - R AT S 32 1 Bl 26 8, i o
A S IE LA E-A 779 5 00 D A S-R T4 319
2526 (Rand et al., 2014) o {HALA BF5E K
ot L HO Y E AR AR B VOCs TG ik 25 5 e 54
T2 EAE Y 7 A VOCs, G Bt B dL S Ewrosta
solidaginis FIEBEF Wk G. gallaesolidaginis 4] B ¥4k
IR EAC I —KEAE S, altissima 7Y F K
A I 3R Ak, T EL 38 R A Al B R 2 A gk
Heliothis virescens 175 5 7= 4= VOCs ( Tooker et al.,
2008) . Al , HUBEA K Wy AT A ) A AR £
B, iR F Slavum wertheimae 755 1% A JE AHY)
Pistacia atlantica 580 BB )5, HAE K Y Rex 1L ¢
reA: B i BKGEEAE A ( Rostas et al., 2013)

4 FEEHRNFEEVERIFEBHZN

DU A 2 GL R A 18 2 B 8 i ) B 22
ARG, BB R AU Dy — Rl A= 0 1, R A
AN RS AS IR, 5 RS AR A P R N
(AR A0 M — 2R 90 DR B I 1 2R 7 e, A0
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A Y) 1AL B ( superoxide dismutase, SOD) | i &4k
AN ( catalase, CAT) . i & 1k ¥ i ( peroxidase,
POD) . £ 3 %8 1L i ( polyphenol oxidase, PPO) Z52H
R AR B R G, LA A i B 405 (B &7 TR 4
2016) (£ 5) ., FHAWE /N Quadrastichus erythrinae
HEGE NI Erythrina variegate W i I H & HUEEZH
41 SOD, CAT Fl PPO i # i 48 & (VE D I 4,
2014) ., PEWE Andricus petiolicolus TE ZE Kk Quercus
prinus |75 5 0 BB j2 SR RIR B2 1) POD & it i T
WHREFRZL, T POD RIS IR S ALY A N 1Y
20, o WBURAUAT DL oy 3o B R Rt E KR E
ity B %, 1 H AUBEAER i 15 RS POD A HRAHH: A
B HORI g T i, DA DR 37 BOBE g AR 2H 4 (Allison: and
Schultz, 2005) ,

& H B 55 ( protease inhibitors, Pls) A1 A
F R % & i ( phenylalanine ammonia lyase, PAL) 1,
e P B ¥ T EEAE M, Pls il 5 E Y

T N AR K RS A, 30 ek 8 1 BT AL, S
HEAEFRA R MA KL T ZH (&%, 2011);
PAL JZ A4 N 2 4500 A AR AR A= AR 0 1 22 40
BT, TEANME oA AR B BTSSR M S AR AR
W BTG 1 T R T AR (BN DT RR R
2017) . AW Won BUE R R 5 R Y Pls
1 PAL 35 PE T &, an e Fp ki P. proxima 1 P.
pedunculi {24 R, AU 2 21 rh PAL 36V TAE
JEZH 20 ( Hartley, 1998 ) , #4282l Aceria pallida “H
EW[ 5[ T B M Lycium barbarum M7 H ) Pls I
PAL Jf PR3 &5 (BCE 4, 2012) , TE/N 22 S0 M.
destructor FE 1, 3 F15 d 5, “HGAREL Brachypodium
distachyon M1 18 A~ Pls 5 JlAH G Y 22 S Fah HE A
(differentially expressed genes, DEGs) % % ik
( Subramanyam et al., 2019) , HEEE{/ PIs #1 PAL
TR T 184 98 T 75 32 B 5 U A= AR ) ot 5 i R, — 7
TETFH T B ARV S0 B e [T 3 ] 1R At Ly 5

x5 HEEAMNFEEMRIPEBRZM

Table 5 Influences of gall-inducing insects on the defensive enzymes in host plants

B & A L) WHEsh 275 3Lk
Gall-inducing insect species Host plant species Results References

T F fhrky PPO 1 POD i 1158 S 2016
Tetran euraakinire Ulmus pumila PPO and POD activities increased

INZE I TR R Pls FHSCHE A G Subramanyam et al.,
Mayetiola destructor Brachypodium distachyon Transcripts associated with Pls increased 2019

F PAL jii P 58

- Salix alba

PAL activity increased

Hartley, 1998

Pontania proxima HALH PAL 1 #E A1

Salix caprea PAL activity increased
e AR MR | . POD {5 PR3435 Allison and Schultz,
Andricus petiolicolus Quercus prinus Epidermis of gall; POD activity increased 2005
SRR Bl B AR SOD, POD, CAT FI PPO i M358

. EIL, 2014

Quadrastichus erythrinae Erythrina variegate SOD, POD, CAT and PPO activities increased
AL TRAR SOD, Pls Fl PAL i 158

Aceria pallida Lycium barbarum

BB, 2012

SOD, PIs and PAL activities increased

5 BEERXEFEEMAIFERZERFMN

YN IRER AR KT B2
Yt i 5 BE N R B UIMOC (K 6) , HHFIAE
K & (indol-3-acetic acid, IAA) FlI 4 il 4> 2 %
(cytokinin, CTK) #¢)¥Z I\ N 18 HUBE pi i # v k2
F T AE A4 A 320 A R A K R Ak
(Tooker and Helms, 2014 ) . 1%y B b B2 36 57 %

G. gallaesolidaginis HES| A FILE—H B AL S.
altissima ZEH TAA 5 5 1 2538 0, FLFH 25 o 8 2
M%7 98/> ( Tooker and De Moraes, 2011) ., & T 1F
FEYIZH 2L b A I 2] TAA, 76 3508 B e K Py W 77 7
TAA  4n—Fh it 1% Pontania sp. 4% M 24 IESE AT DL
FIH R G I TAA  BUE S (75 EWE ALY Salix
Jjaponica MRl g5 R W, OB A K R A AR
KFER L AL 288 2% [ A 3k ( Yamaguchi et al.,
2012) oKt skt P IS AA A0 P i) — A PR 5 e Ik 4
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Table 6 Influences of gall-inducing insects on phytohormones in host plants
BomE i GRS GiEpEaE S EE BTN
Gall-inducing insect species Host plant species Results References
AN EA T FWAD FUHE & CTK Rl ABA
Straka et al., 2010
Pachypsylla celtidismamma Celtis occidentalis P. celtidis contained CTK and ABA
IS ma o s SA FIJA BN
Body et al., 2019
Pemphigus betae Populus angustifolia SA and JA contents increased
- ESS GA T/, ABA & HHN
Tokuda et al., 2013
Cicadulina bipunctata Zea mays GA content decreased, and ABA content increased
o A L e 5, B PRI
i IKHE JA B R Z5m, ABA &b Zhu ot al., 2011
A I Oryza sativa JA content unchanged, and ABA content decreased
Gnorimosch
nonmos.c err?a' Jb2E—KiiiE TAA Fil ABA & &3 Tooker and De Moraes,
gallaesolidaginis
Solidago altissima TAA and ABA contents increased 2011
TR SA M B EL SRR SZ R JA T A AN
. Brachypodium distachyon Transcripts in SA pathway unchanged, and transcripts in ~ Subramanyam et al., 2019
NS g P! Y p p y & p Yi

Mayetiola destructor

JA pathway increased

INE

Triticum aestivum

JA SR,

ABA R
Zhu et al., 2011

JA content increased, and ABA content decreased

SOBEL A 1A HUBZLSTIAA A6 AR

e LERiERY) ‘ . . .
Pontania sp. contained TIAA, and the transcripts of IAA  Yamaguchi et al., 2012
Pontania sp. Salix japonica
in gall tissue increased
R A B NS ey ABA & BN i
Li et al., 2017
Leptocybe invasa Eucalyptus ABA content increased
R A B/ N3 ey TAA 5 )
Li et al., 2017
Leptocybe invasa Eucalyptus IAA content increased
S JbE—H e SA FI JA &Sz Tooker and De Moraes,

Eurosta solidaginis

Solidago altissima

SA and JA contents unchanged

2008

R TAA & & 2 5 A K, I — M &/ i
Trichilogaster acaciaelongifoliae &M AH B Acacia
longifolia 1755 1) HUBRSE ¥4 55 4 /)N e (g P 00 A4H G
W B e 10 Eh AR Y ZH R 4R A8 2 200 )
MR 3.3, 1.5 F1 3.5 fif, 31X 5 M4 R
TAA 5 2 (o 175 PR 30 1T P 407 SR AR P TAA 355 PR AR X 45
554 5 (Dorchin et al., 2009) . 7% % ( gibberellin,
GA) JU7%TR (abscisic acid, ABA) 25 & th 5
AR R T A, A BB /NS L. invasa TR
R Eucalyptus exserta W 1355 S (1) AUt h 1 2K i
M) GA (Li et al., 2017), Jij — Fp M 4§ Cicadulina
bipunctata 78 F K 15T 0 B GA, Fl GA, & &
Wb, B C. bipunctata J5 GA, Fll GA, & & 5 %} IR
AR, B BEUE R R U5 5 A T N IR BGR
TEB 5 A (Tokuda et al., 2013) , K45 Sk LA B
Pachypsylla celtidismamma U J5 51 FE SE M AN Celtis
occidentalis M #H 2 Hh ABA & 3911 ( Straka et al.,
2010) , /NP M. destructor AN [R){z e B Be 345 |

EWFH A /N FUKFEAR N ABA & 5020 (Zhu et
al., 2011) ,

) N PRI AN S OB A KA DA G, I 2
I A AP A8 S0 Y AR S, E AR
KGR (salicylic acid, SA) . ZEF[fi& (jasmonic acid,
JA) FIZ )% (ethylene, ET)3 Rz, —MFoLT,
MEEG O B RS A AR N SA AR, il =X 1
i B S A YA Y JA R AR, T 08 R s A A RE R
2T g AR = T s P28 B e, PR X — 2R R e w]
55 JA 12 H SA %42 (Tooker and Helms, 2014)
o R i BT SR AEY) SA B JA & E R,
UN/NAZ BRI M. destructor 43 R YL /K FG 6, 24 Fi 48
h 5 Y ECSA B B E N, BXT JA SRR E
20 (Zhu et al., 2011) s KipPamf Tetran euraakinire h
FAFE AR IR Ulmus pumila W Jy JA 5
AN, B X SA 55 T 3 S (R R AR,
2016) , WA B/REUEER R 755 SA FlJA %
It [] B 3G, G S0t B s i S B AR W Pemphigus
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betae N ES|E A T EMY) Populus angustifolia
Jrh SA FLJA E AR R, HAE S R R
SRRV RRGR U] SA FJA 5 BB (Body et al.,
2019) . SR, WA AN 5 Sk s BOBE B AR mT A
A IBUPE S, % B B 2R A 5 M AN 1 4, dm e
B WM E. solidaginis FIBIEZFWR G. gallaesolidaginis
HEBARGIE A AL —BBAL S, altissima (K
By JA & & & A B i 25 4k ( Tooker and De Moraes
2008) .

FE ) N U5 R AN AR 8 Bl i A5, AN [] 38
FAB R R R S hrs . AP ER,
IAA 5 SA/JA fEFEf A8 HAE R, B TAA ¥ fin a4
il SA/JA (5 I (Exb et al., 2012) , 7£ HUBE Y
i FE A AR AR Y (JC O B L) TAA & &
- 8, A XA A T A A A SAZJA
PUrE , A FEOEE 3,

6 NEERE

TR H AR A H W YIS B S 2
BER I T BB )R AR, Horh B R e 3R Y
FoEA Y, BOEE H— 5 T ] R A A A A
PR 254 H 5 DR A AR A S8 A4 For b F
A E PR E BN R, 55— T, BOBE R g nl 4
A FAEP A VE T SE BT H A R AR A 4 04 9
BiC , AT LE HOE R A 5 F% T 3 (nutrient sink ), 25K
JRI IR ZUE TR LA A2 F B oK, 3 i % 27 AR A
PRAPEEAN B AE A SR B 42, IR AR 0 % A B 14 B 0
M %7, ] 7 ERLJE P B0 Sl A S 7 2 4R B 0 2
21, FHAR ) B 480 77 A 1 R e AR AR P o LR A
O, B oy A Ar =l L — B

OB A R E Y, A AR S R 2R
W Ry A6, K ke A AnT 22 G ISR AS [ B 27 B o
225, U SSEBEREAL & W) 5 BOB B B o7 )
FHREZ B X R BA TR L, [, dugh
ARG W) I K A F I A5 AR S IR A9, JEH
TEBE 25 TR U T o AT 3998 JL i) s,
AMUEAHFEWRTIR IR FRAEERE TR,
AR VA R H B 6 B ST A A P AT B T
(Tian et al., 2009 ; & FF-5¢, 2016) . FFCELiE A.
pallida R o B HIR FEETGEERAR K
P s o i e (B d 45, 2020) o 4K H
FCIE A Aceria kuko TEFPAEMIFT Lycium chinense |
SO, B H 5RO A

T 36% , H 90% W B4R G s sBE i i FLAT B
T B B AR AR T PRI R 1, 1R -2k WE P A
(DPPH) H H13£HE 71 (Chen et al., 2020)

R T s ) IS 22 B rh P f e i A e
I R AR L, e /b DG Ay K 98 ] 3 20
2N R H A, LA R BB R v i 3 88k TR K
FRIAIE S PP BN SRV SO R 7 2 () B e 1) A
S A S 2 2 2 1 Sh AR A, U IR AT 2
PR R AL . B S BUS R AR
H SRS TR (ecosystem engineers ) , % 27 FHH )
A2 TH S22 A5 23 X0 A 2 R 48 v 0 A AT A
Y7 A DRI R S ), 5088 B o OB AT S BRI 2 A
BT AN S A5 43 FE A 52 ) B A AE ) (e
R AEDR TR ) (R4S DG T A s
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