2 WEAER

- Rt - BIOTECHNOLOGY BULLETIN 2021, 37(8):1-11

KRG AFFEENEIZEYFE PR R
KRR b

(L AR R MEYRR G R R A S ESAEYIER BT L, IR 430070 ;5 2. fFErh ol KA Aa iRl a5 R 2B
L 430070 )

B OE. EFMARSEHIELAREGRE, AR P AN LD ARIRAE, SAESE T E W0 T G e EF
ARPEFH, LEARED . ERMATRDRARBDGEELALRETRRA T ARERAGLER, DR EREA L
PR A KT 0 BRI, B TR 00 F AR K AR JE bR e T AL AR AT 38 S ik 0 e 2 Ao B i, RIS 0 AL, A AT
RAY RN RFARRLERFES AT RAY G EBR|T THEAFLTE, RERMALLRME, HRA, BGAARR
Ay A, LEARMAL KRB MESH RORMLE - RHAXBESATER T HY 0 0B E S E S i m A, RER
Yt BRI R AL BB A S AR ERAEA , ALIRE T A TR AT BT 5 % SR ME T DK
WL E B 5 B IE S T AL AR LR 0 A R AT Lt R, SR T o A AL S A S0 AL 18 3 2 A 5 64 B R R % Ao
FRAPE

KGR . RMAF ; EHAE  RIHA TR ;AR LR

DOI : 10.13560/j.cnki.biotech.bull. 1985.2021-0861

Research Progress of Metabolomics in Plant Stress Biology

ZHANG Feng CHEN Wei
(1. National Key Laboratory of Crop Genetic Improvement and National Center of Plant Gene Research, Huazhong Agricultural University ,
Wuhan 430070 ; 2. College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070 )

Abstract: In recent years, with continuous and complex environmental changes, biotic and abiotic stresses frequently burst out in
nature, and many stresses seriously affect plant normal growth and development, especially crop yield. The metabolic remodeling under
stresses are the consequences of interactions between genotypes and surrounding environments, are the direct reflections of plant physiological
phenotypes and biochemical activities, and largely reflects the plant response and defense to stresses. The rise of metabolomics provides a
reliable way to study the metabolic remodeling in different tissues and under stresses in plants. Meanwhile, the integrations of metabolome
with genome, transcriptome, proteome and phenome, especially metabolome-genome association analysis by the integration of genome and
metabolome play an important role in revealing the genetic basis of plant response and adaptation to stresses, in improving crop yield and in
developing stress-tolerant crop varieties. In this paper, the metabolome research method, the diversity of the metabolic remodeling and the
genetic basis of plant metabolome under stresses are reviewed, and the application prospects and limitations of plant metabolomics in plant
stress biology are also prospected.
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The research process of plant metabolomics under stresses includes the preparation of plant samples under stresses and control conditions, the extraction of metabolites,

the detection of metabolites, data collection, data preprocessing, and the data preliminary analysis. In order to further explore the metabolome data under stresses, the

integration of metabolome with genome, transcriptome, proteome and phenome, and with reverse genetic research methods, can annotate the metabolites, analyze the

metabolic pathways and explain the regulatory mechanism of plant response and adaptation to stresses
B 1 #FEke TEYMRIFAFHFRRE

Fig.1 Research process of plant metabolomics under stresses
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Tablel Research list of plant metabolites in response to stresses

U2 5% R TEE v it7ESil WrFh EZ PO
Metabolite name Metabolite function Metabolite category Species References
JERR . FRHEN R AT BRI WILE AR K Hordeum vulgare [32]
FANR , AHEER . LR AL AR SRR E O WILE AR KF# Hordeum vulgare [33]

i

HEBERE | A 5L A BT SR AR P WILE AL K Hordeum vulgare [34]
NEWGBR . Iy rEnE . SRR, S W R HILEAU LA 14 Vitis vinifera [35]
KBS

MR . BHEET A = Bl e RN ST E TR i WA AR A AR GINSA Vigna unguiculata [41]
=R . H2RR . Srre a2 R Ko T S Hk HIEAH JEWE S Cicer arietinum [42]
FHSEOR ., MR . Z M AR BTG S ER R BRI A [Fi5% Sorghum bicolor [44]
2R . LAY SRR B EaN SR R WILEAH Hili Solanum lycopersicum [ 45 ]
IHERR ., RTIR ., RFUBERAGUR MR IS s a ot WILEAH K. Glycine max [46]
IR R R IR STEE N A WA Fhi Solanum lycopersicum [ 47 ]
iiES et v i A WA IR Oryza sativa [48]
iR INRMFIR SR SR AAAI T R A bt AR PIRITT Arabidopsis thaliana [ 49 ]
oyl S U2 SUE /N e U IR ST Arabidopsis thaliana [ 50 ]

2- CVERN 3- O T Ak i it WA % Vitis vinifera [51]
AT AR, SR B ARR AN (2R W IE AT HIEAH IKFE Oryza sativa [54]
Bl . A, AR ARG TR SSRAC B KL Glycine max [55]
CAFRRIR R T S sk WIEAH # i Solanum lycopersicum [ 56 ]
WEARIR . FRBL NEERR AR R AR WILE AR AR INZE Triticum aestivum [57-58]
R . 4 S BT 6 2 B SR AHI T Tk WL LA JEWE . Cicer arietinum [61]
2R . B LRRAERIRR s TR A ik WILE AL K% Hordeum vulgare [62]
R s /N A7 SR h WA INAZ Triticum aestivum [63]

y- A EE . A MRS Ko T 5 R Apa Bk WA KH Hordewm vulgare [70]
PUEERR FIA TR SRR AR AR Tk Zea mays [71]
WO BURILR . AR AR AR R T SHpa Hik B INZZ Triticum aestivum [72]
LR . B BT N2 BT A 2 S Y29 SR N i AR IKFE Oryza sativa [75]
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— Py e — 2 AUEA Rl s e T AU A B R A
K, KR YFRE R R L 5 85 i ia
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T AN S IR R AR, R
— RIIERFIRMI, & DNA, RNA, &R
F AR 5 390 58 i 36 eV PO 45 5 2 ke
WEEIR IR SIIAN , RSB (receplors )
R 8 LI ST R R S R g b
(receptor-like kinases, RLKs ), ZZZ4) 36108 134
(mitogen—activated protein kinases, MAPKs ). A
F (MYBs, WRKYs P4 J& bZIPs % ) DK R 2 1

(heat shock factors, HSFs) %, i i 3 AL s 12
FH G PR 0 2 5 2 B A A QIR O ik DR 23 5 s i
( chalcone synthases, CHSs ). BHilEE pi ( flavonol
synthases, FLSs ) AIZEEER UDP- B ELELF2 1 ( UDP-
dependent glycosyltransferases, UGTs) VA & 5 5 il
KA B AF L AR BERR 5 T ( geranyl diphosphate
synthases, GPSs ). W R AR S ( farnesyl
diphosphate synthases, FPSs). #&4* JL4E 4 JL 2 £
i B2 & T ( geranyl geranyl pyrophosphate synthases,
GGPSs ) VUKl (terpene synthases, TPSs) 4§
Pk, A TR N 28 S5 ) S AR R B iR AR ) 1A
SEEBE 0 TR SZAE Y (B 2), R, FERGEY)



6 4 % ¥ A @ 48 Biotechnology Bulletin 2021.Vol.37.No.8

o, AU AU R G A F I — 5, SN
ARG 27 4 0 T A A R A0 A 0T 30 5 a8 ) 2 AL
DI st e Bt R i AN R . 52 b, s
e 2E G I N T 2R A TS R Y
PHEEHLRIBESE . Wang 25 ) Tl 1 %K R 40 1 Ao %
HANAH A 1S A B, TR FE PR ot e
SRR IEMR (abscisic acid, ABA) /M52 Fg
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YL B0 AT A P LA 5 Egea 25 00 45 1,
T 5B A i b 2 SR A L R BCR I S A
(ethylene ) 1 JA FCI 5 T 5 A0 52 B UM G . AHAR
M, AR 55 SR G o rda s T/NERI AR
W25 FREW (fusarium head blight ) ifif 52 Pk {5775813
[FEE, AR 2% 5 A F R G e 2 Fh s 5 e
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YIRS, [T, Chmielewska 25 7 i 5L UK
5 22 B KA R R & A A 4l i o A i
TR A2 R G SR i S 2R e A AR
PN ESINYYSEZ R ve L7 rigtariiik ) I 2S PN
EIP TR Mo, dEREASE DKk
21884, Pandey 25 2 Hf5E T MR R /N E
PR ) EEEUR A T XSS SRR,
ARG 27 5 5 S gl 2 el ) REE 4 2R 3 A Dl i b
JipiE TR YIRS L AR AR AR AT DL AR
M S0 3365 35 Jph 26 P9 A Al A5 SE R AT SR L R B S K
P (B 1),

AL b, M A AR R R AR S AR W
AEEW RS IR -, B A [R] AR bR 2R 7
RS RE AR PR R A (R PR AL B A T S
% IE AL 220 i A B E S UE TR E
PR B R A A ( quantitative trait loci, QTL)
DA% [R)— BN AH A AR R R e R 2w A 3l
L TR, R A I SRS ) M X A R

{55 4 WRLK sl
MAPKs

and MAPKs

»

e E AW HSFs

Signal proteins e.g. RLKs  CHSs fll

Other proteins e.g. HSFs | £PSs, GGPSs

ES (e

R PRl
PALSs.
FLSs+

UGTs
Flavonoid
synthesis
genes e.g.
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FLSs,CHSs
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aES
‘ Flavonoids

NI ﬁ%,
KA HIEE Terpenoids
GPSs~ FPSs~
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synthesis genes
e.g. GPSs,
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MR Z B A AR YA R E R, RPN R (receptors ) B GHIE . SRJG . WY R A0S IR SR A WE A (RLKs ), Z250EILEA
WG (MAPKs ), 565% 0T (MYBs, WRKYs DK bZIPs 25 ) ARG (HSFs) 25, fa, X605 s fChR Al 0 8 40 2 1520 S Qg A o6 3
CHSs. FLSs Fl UGTs %5V X2 5 A UM CHE R GPSs. FPSs. GGPSs LA TPSs 293K AR 1B 28 RIS 24 540 i (0 B S 08 st A 400 14X 3 55 16t £

i 524

When plants are invaded by biotic and abiotic stresses, the receptors are firstly activated

. The response proteins then activate downstream signaling proteins such as protein

kinases ( RLKs ), mitogen-activated protein kinases ( MAPKs ), transcription factors (MYBs, WRKYs, bZIPs, etc.) and heat shock proteins ( HSFs) ete. Finally,

these signal proteins activate the expressions of genes related to metabolic pathways, such as CHSs, FLSs and UGTs involved in flavonoid metabolism, and GPSs, FPSs,

GGPSs and TPSs involved in terpenoid synthesis to promote the accumulation of flavonoids and terpenoids and ultimately to enhance the tolerance of plant stresses
2 AER A IR R 5 R B ) 4%

Fig.2 Regulatory networks of plant secondary metabolism in response to stresses
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Ko, AE AT R DL 52 30 4 3 A R 4

B DL K 08 B T 52 30 45 i A VE )t P BT
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