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Abstract: Stress is an important environmental factor that restricts plant growth and development. Plant responses and adaptations to
different stresses are complex and diverse. Under biotic and abiotic stresses, plants maintain homeostasis mainly by reallocating and
adjusting a series of transcriptional regulatory networks and metabolic networks, resulting in changes at both the transcriptional and
metabolic levels. With the development of omics techniques, transcriptomics, and metabolomics are widely used as emerging discip-
lines for studying plant adaptations to various stresses, which can aid in elucidating the molecular mechanisms of plant responses to
stress at the transcriptional and metabolic levels. Among the various stresses that plants face, drought, and insect pests are particu-
larly severe, causing significant losses in agricultural production. In this review, we summarize the transcriptional and metabolic regu-
latory mechanisms of plants under single drought stress, insect herbivory stress, or dual drought and insect herbivory stresses. Plants
respond to drought stress by regulating the expression of genes related to the synthesis of abscisic acid, proline, photosynthetic inter-
mediates, and their metabolites. Moreover, plants respond to phytophagous insect attacks by regulating the expression of genes parti-
cipating in the synthesis of jasmonic acid, salicylic acid, flavonoids, and their metabolites. Under dual stresses, plants regulate hor-
mone interactions and the production of secondary metabolites to reinforce resistance against herbivory under drought stress. Explor-
ing transcriptional and metabolic differences and their key regulatory factors in plant adaptations to adverse stress can provide a theor-

etical basis and reference for breeding varieties tolerant to adverse stress and with improved crop yields.

Keywords: Drought; Phytophagous insects; Phytohormone; Secondary metabolites; Growth-defense trade-offs
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F3H 2 8 Ge i 352 AL B N, PSCS Ay I bk -5-J2 2 /5 LB L A, NCED Sy - - PR 02K 8 | 3 U Ui 4[5, PP2C Oy 7R 1 B MR iy 2C 2

K, SnRK2 J REMIEAR K - 1-AH DG TR iR 2 B, PS T i & 1, PS T ol i & 44 1T, IDH Sy S A7 R 1B S0l 56 15, MDH. 2 2 SRR it S iy
FLR, HK S COBRMABIE B, PFK S 6-B I R IR RE 18], HCT ARk AR I S R B SE 1), CHS S /R 5 BERE K], FAD o fiR 107 2 2 160 ARG JE 1A,
LOX AR5 & RBEEA, NPR1 i AR JC 5 R AE A T, TGA iy TGACG BURSSE & (56 5% 11, Pro AIHAR, ABA N L& R, TCA b =R IRTEE,
EMP Jy WEBE i, JA N REFTIR, MeJA Dy SRATR H B, SA Sy AW I 1] L7 Sk AUR R I B, 6 T i kUL KL E T F3H is flavanone 3-hy-
droxylase gene, P5CS is pyrroline-5-carboxylate synthase gene, NCED is 9-cis-epoxycarotenoid dioxygenase gene, PP2C is protein phosphatase 2C gene,

Model of plant responses to drought and phytophagous insect

SnRK2 is sucrose non-fermentable-1-associated protein kinase 2 gene, PS I is light trapping complex I, PSII is light trapping complex II, IDH is isocitrate

dehydrogenase gene, MDH is malate dehydrogenase gene, HK is hexokinase gene, PFK is 6-phosphofructokinase gene, HCT is hydroxycinnamoyl transferase

gene, CHS is chalcone synthase gene, FAD is fatty acid desaturase gene, LOX is lipoxygenase gene, NPR1 is nonexpressor of pathogenesis-related genes 1, and

TGA is TGACG-binding factors; Pro is proline, ABA is abscisic acid, TCA is tricarboxylic acid cycle, EMP is glycolysis, JA is jasmonic acid, MeJA is methyl

jasmonate, SA is salicylic acid. Upward arrows represent up-regulated expression, downward arrows represent down-regulated expression.
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P, ZJ5 7 ABA AU 58 A8tk p R BT R IE R
X SA il B A Y, AE ABA BRI 58 A8 1A (Y 0L R
IrH R B, ABA {5538 [ 6 i = 38 0 T LR ST % Bk
Iof e, DR RRAR T BRI (Y Rl R 4% . ABA T LA
KSR JA A W) G RO 5 5 3, DTG B v AR A 1Y
LT ABA KV T E X A (F S5 5 1 IR
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(Bemisia tabaci type B) BUE J5 , M A H SA A 5 B 1#
B PR 2 G0, AR JA R G R A 22 3 T
L) A Vi) 7 iR 38 I 38 R 22 R AR S B AR A AH

T
Drought

Ca?" channels

AR, Foh ABA XF JA 17 25 (R AR, % SA 7
e T RSB P 38 R T 2 I8 0 5 R
o LA T A R

[isRExicd et
Phytophagous insect

| AT ;
Alkaloids/terpenoids |
AR A
Thioglucoside /

B2 EYxTEMER MR R NEME B0 R
Fig. 2 Model of plant responses to dual stresses of drought and phytophagous insects
ABA HIBLVERR, SA K MIR, JA RRFIR . 10 b #i kAR E TR, 1 T # AR S . s R, 85 AR PUEM . ABA

is abscisic acid, SA is salicylic acid, JA is jasmonic acid. Upward arrow represents elevated level, downward arrow represents decreased level. Plus sign repres-

ents facilitation, minus sign represents antagonism.
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