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Citral-induced drought resistance in Arabidopsis thaliana and
analysis of differentially expressed genes

ZHANG Ming-Di, BAI Jiu-Yuan, WANG Xin, LUO Mei, ZHAO Yun, ZHANG Nian-Hui
(Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education,
College of Life Sciences, Sichuan University, Chengdu 610065, China)

Abstract: This study aims to explore the potential application value of citral in the drought resistance of
plants. Different concentrations of citral were used to treat Arabidopsis thaliana seedlings, and it was
found that the survival rate of Arabidopsis thaliana treated with 200 pmol/L citral under subsequent
drought stress was up to 80%, while that of the control group without citral treatment was only about
40%. The results of transcriptome sequencing (RNA-seq) showed that there were 230 differentially ex-
pressed genes (DEGs) between seedlings treated with and without 200 pmol/L citral. DEGs were signif-
icantly enriched in the response to stimulus and protein processing in endoplasmic reticulum, respective-
ly, in GO term and KEGG pathway, and most of 129 up-regulated genes were related to the heat shock
proteins. Four of them (AT1G07400, AT2G26150, AT4G25200, AT4G12400 ) were selected for RT-
qPCR verification, and the gene expression level reflected by RT-qPCR was consistent with the RNA-seq
data. The results of this study indicated that the drought resistance was obtained in Arabidopsis thali-
ana seedlings treated with 200 pmol/L citral, which may be realized by heat shock proteins to restore
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the physiologically active state of functional proteins that partially unfolded under subsequent drought

stress conditions, thereby acquiring better tolerance and resistance to drought stress.

Keywords: Citral; Induced resistance; Drought stress; Differentially expressed genes
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Wik 15 I A AR TH A Ml A 77 v S i 114 7 0
PR

PRI A SR T rh iz A7 A i — Rl AR 4
FIPELE] R— AR A B A ) (e
S5O X 55 — Az Wy R 7 A ) B A O A R
M A P B T A L 2 B BT IR,
RN A SRR E ) 22— HoKE
S TR A A A S A T A LI AE
FHAL AT 15 T By 3 A B 3 ARk L — SE AT
FEE BV T A Tl dE A AR K B s A
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A I FH A EL A B 5 94 S R e A ]
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FEiR A (differentially expressed genes, DEGs),
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abidopsis thaliana) , A4S S5 78 4244

FEAERE (CAS: 5392-40-5) I [ Sigma A ], )%
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TaKaRa 23], 5256 BT R Bl 4 b4l

016001-2



%14

ReAdh, . APRES T ME IR T RAEFRELR S

%59 &

2.2 7 &

2.2.1 APAREEAG LA T F a9 32 SURIT
FhF28 7500 S 1 00 U BR AN TH 75 )5 FE Al 2E MS
Figidk b T A CCUKARARAL 3 d JEIAOLIREE 3R 46
AR AR IR 22 °C L MR B 5500,
FERESR A 120 pmol » m™2 « s~ EJEIHIN 16 h ot
M8 h JBHE. 5% 1 w R UE K —BUN 9 %A%
B - g SR IT4h T TE I AR KPR S 4
# 200 pmol/L, 400 pmol/L, 600 pmol/L F1 800
pemol /L ¥ (R A (] A e JB2 Ay A 1 e %5
Fky 0. 1% W) W I £ 40 g I 0 5 78T [+ B LA
WK T 0. 176 L BEAE by S50 14 % HE 2. 55375 e ]
HAER B LR SN 2 d, BHPRERE LU R T
B K SR HKSRANTE 7% R B Wl S AR
fief ] 5 AR IR AT R . 3 d s i T DR 6 i
15 1L PR FF IR T 530 b 3L, 0[] WL 8 45 Ak 320 42
R AR IF RIS, T8 2 w 5T R
K3 d G G4 Ak BRAH HR LR I B AF S R,

2.2.2 RAFBAFS RNA 6935 [ e b 5
gE S T B[R] BB 0. 190 & T X IR 4
(CKO A1 200 pomol/ L A5 AL B (Citral) Hr Y 1
ST R, CK il Citral 435118 3 AR 4409 3
A IRFE G 2 AR 5200 5 S iy i N i Oy vk A T
RNA [l #H .

2.2.3 MpLEAMESMNF R RNA £
FAZHE AR RNA Zh3US 38 52 7S i L FE LS | 906 i
cDNA 5—44%, dUTP 10 dTTP 4 )i cDNA £
TR T AT cDNA I SC PR ) R A f A
1 SCE RS A4 e 42 Tllumina SF- 60 7. SCPEF)
FN Y TAEZFC i T A TR BRA Rl T
2.2.4 M FRIEFAIEBARE DS EOE
(raw reads) A £ Fh 242 B A1 AE B (1477 51 19375 4. F
H FastQC 0. 11. 2 B3PS U hh i e B i) o
[} ik Trimmomatic 0. 36 FAF X I P 453k L &
AN E B S (ND 87 91 A R AT o £ 3 491) O 356 Jot
HH Q30 KT 95%0) #4712 8 S A5 B4 & vl
BPE (clean reads).

2.2.5 DEGs #9ffi& HIH] String Tie 1. 3. 3b 4k
PEHR SRR L AR T2 G4 A R IR &
FIH R Package #1f#) DEGseq 1. 26. 0 §iii DEGs,
2559 5 A BT E A < 25 5 i YRR I (E g Val-
ue << 0. 05, 22 4% %k | log, FoldChange| > 2.
2.2.6 DEGs #9447 HH R Package H A9 top-
GO 2. 24. 0 47 GO 73t T 22 e aRs LA T fig

BAMAEY D15 #IH R Package H1f#% Cluster
Profiler 3. 0. 5 #47 KEGG &£, /3 22 e ik 3t
PRI Ko A5 3 % RN R 95 i 4.

2.2.7 DEGs # RT-qPCR B3E  MAFAE 1 b 3t
JaFekE B e E LI DEGs Fifit 4 5%
MR AZ RN (heat shock proteins, HSPs) #H 6
B9 & A i 17 RT-qPCR 5 4iE, Bl AT1G07400 ,
AT2G26150 , AT4G25200 , AT4G12400 . K ¥ 3
HF S5 19 5 1 P 50 4E LR T AR TR
FBRAF AR WL R D). B R %385 & X
RNA #1775 %5645 8] cDNA, DL cDNA SH#5iAR , LA
PRI B-Actin AR R N 24T RT-gPCR.
R ZR R 25 pl:12. 5 pul. TB Green Premix Ex
Tagll.1 pL 81#-F.1 pL 514-R. 2 L cDNA
Mr.8.5 pl TCWEIK. R FEFH:95 'C,30 s fiAE
P£,95 °C,10 s 4 1:.58.5 °C .30 s iBk,72 C .10 s
FEAPEFR 39 WL SR 24 ikt 2 S R
AR Ik i AR AL T 3 IRAE 2= E A 3
WHAR TS, Gl ¢ K56 o B 25 5 W 1 ]
GraphPad Prism 8. 0 £:12%5 R E.

# 1 RT-qPCR3IMFFIER
Tab.1 The information about primer sequence of RT-qPCR
LB S

Primer Name

31 (5'-3")

Sequence(5'-3")

ATIG07400 -F GGAGATAGAGGACGACAGTGTG

ATI1G07400 -R CAATAGACTTAACTTGAGCCTTC

AT2G26150 -F GAGGAAACGGAGGCTTACTTC
AT2G26150 -R CATGTCATGTAGATCTTGGCTGTC
AT4G25200 -F GGCATCTGCTCTCGCTCTTAAG
AT4G25200 -R CGAAAACGGATCAAACACATC
AT4G12400 -F GAAGGAATACGATAAAGCTATGG
AT4G12400 -R CTGTCTCATCACTGGATCCGATA
BActin-F GGTAACATTGTGCTCAGTGGTGG
BActin-R AACGACCTTAATCTTCATGCTGC

3 GHRESWH

3.1 FEEBMHEFREENES

R T RS A [R] e JEE ey A 1 Ak B0 UL B 470 5
PERE A SZ I L DL 57 4 P 28 P T WA [+ i P A
T i AT W SR AR B RS PR K 3 dL PR T SR
WS 75 Y, 1 5 0 Ak B G R R, W K A
0. 120 Z B iR %of BRZH LR I It 28 25 L AR e
ANBE TR PR, WA B4 Ak PHLZE DUt B 7 R R
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%59 % vl K 5 R KA R %1
AR H 400 pmol/L LUF AR EFEREL I @ PR (ol )

S AR I AE T S A AR RO A, 5 A2 A
Eb I Fr AT RBP4 B AR ARE , A PRt Ve A 2 B R
HEFEAL ;1 600 pmol/L il 800 pmol /L 1y e & #7
TR PR , Bl T 5 W30 A R AT R AR Gl
W7 TARRISET. TR E K G G AR L B
HAL R T IAEIE R R A S 2 (B B 3 25
W 2 Frs » % B B A7 05 R K29 40 %0, 4%
WA AL S W 2 P T T e T S A
SRR AT # JEHAE 200 pmol /L AR BER, £
TR 80 V0. F gk v v o Ay A Tk A B S 1 UL g
FETET 55T BYAEIE A, 600 pmol /L R iy
TR RAE 10%~20%,800 pmol /L &b H v () 48
FAJTAE A G T 50 JL-F- JC—fF 1. B AT 0L, 200
pmol /L A v] LAS AU S T 7 AL B R 1
3.2 ATHRANFXEMERN RNA REDH
R T 4B AT AL R 9 4D R T A b R
53 5 AL FATHE 5 RNA-seq 430 #fr T 48 200
pemol /L AGE Ak P55 2R 28 4h 38U R T 4y 1 22 1)
(1) DEGs., L} 32 31| 5% i 9 A= 210k 72 5 A 100 3 1%
TR A A SR A A3 B I SC R, FRATT R T
0. 1% Z. T XF BREZHFN 200 ol /1. A5 T Ak B4 v
WIE S B 5 RNA, 3R H| F Agilent 2100 Bioana-
lyzer Kl T RNA Jfi . frf3 45 51 20 (1 3),CK
21 Citral 4119 RNA 7F 5S.18S Fi1 258 44 B ik
B — [ WS, (R A O ELISOA I, 258 4R
()55 BE R 202 18S WIAT , J2 B RNA HA R4
M5E PR 2 Bt o SR RNA ¥R 378
1000 ng/pl LA I, rRNA &1 H{H 25S/18S #FK
F 2, RNA 52 M1 RIN 2%B7E 8.5 LI F L ik
BIHR I RNA i B AT W 2 5 S PR oK.
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Fig. 1 The status of Arabidopsis thaliana in different
stages induced by different treatments
(a) The overall phenotype at each stage; (b) the representa-
tive phenotype of a signal plant after drought 14 d
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Fig. 2 Survival rate of Arabidopsis thaliana after drought
and rehydration in different treatment groups
Different letters represent the significant difference of Arabi-
dopsis thaliana survival rate in different treatments (P<C0. 05)
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Fig. 3 RNA test results of Arabidopsis thaliana leaves sprayed by 0. 1% ethanol (a) and 200 ymol/L citral (b)
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A5 AT 80960, MECHE B J5 2 45 2R AT AL 43 7
R LU W b P 0 540 S A Ak R T | SE 4]
VAT 5% s 4 53 #r.

£ 2 MEBEHE 0. 1% 28 (CK) FABEHE 200 umol/L #745
B (CitraD B9#AEETF I F RNA RERF R
RNA information of Arabidopsis thaliana leaves
sprayed by 0. 1% ethanol (CK) and 200 pmol/L
citral (Citral)

Tab. 2

LFk W/ (ng/pl) 255/18S  RIN ey 45t
CK 1166 2.5 8.7 %
G

A
Citral 1747 2.6 8.5 A

3.4 ITEREEALIEIEHY) DEGs 534

i A [ A B AR AR 1 2 PR 2 1K UK SF i
25 S AR T IR i A 2 1 AT A Ak B ZH A
MR Z 1] 1) DEGs, 455 ULI&N 4 n] S AL B AL (&
AR GREE N R IB A AE A P A 2257, 208
FORFYRBERL L AT X IR A ik kP BIRAY
LA o AR AT AGE I Ab B2 v R A R GA A A
P 4 OV S e S RS SR R BB 0. 102
P BT R L b PEZH AP BEY 200 pmol/ L A7
MR AL B 230 4~ DEGs, Horp 129 4~ FiH %X,
101 AR iRRIA.

x 3 EIFHEBINE 0. 1% ZEEXTERA (CK)F 200 pmol/L #71EEE 4b 38 26 (Citral) BB IR FRISE 8
Tab. 3 Quality control information about sequencing data of the CK and Citral with Arabidopsis thaliana leaves sprayed by

0.1% ethanol and 200 pmol/L citral, respectively

REA Raw total o e ) Mapping Q30 bases Q30 bases GC bases GC bases
2K reads QC total reads it/ % *R/% count/bp ratio/ % count/bp ratio/ %
CK 59 351 046 58 344 442 1.70 96. 44 7 890 078 853 95. 67 3777 107 518 45. 80

Citral 52 794 658 51 907 522 1. 68 97.78 7 026 455 632 95. 39 3394 166 097 46. 08

Citral VS CK

15 o up—regulated genes(129)
down-regulated genes(101)
* not differential expressed

log,(TPM)Citral

’
s

~104

T . T *
-10 -5 0 5 10 15
log,(TPM)CK

B4 dddet@otae 0. 1% T B fE 41 (CK) A= 200
pmol/L A7 4 B 4L 22 28 (Citral) ] #9 £ ¢ % ik K B

Fig. 4 Differentially expressed genes between the CK and

Citral with Arabidopsis thaliana leaves sprayed by

0.1% ethanol and 200 pmol/L citral, respectively

3.5 DEGs K GO #0 KEGG 43 #f

GO Dhfig iR 2R A4 T A Wy it 2 (bio-
logical process) .44 43 (cellular component) DA
N4 F-H18E (molecular function) =5 A5 B. &l
5 %t DEGs i) GO 73 2845 5 7~ . DEGs 784 9y ik
Firh B LB 5% H 2 DU N 2 U

AR e R G A M RS TR A ZH Sy
W B T A A A AL e A
FLA AN A0 AT . B E LN T
DIReR 456 R APRSE PRI ARG 1 i

[FEF, KEGG 2 #47 B T4 1 1 f DEGs fir
W R AR £, XF DEGs #£47 KEGG 3 % & 4
GyHT R I 25 Ak R I 2 e AR AR 52 A AT i I
P o AR R S 2 EHEY S BT 10 SRRV - BT
AR PO T L B A B 5 M R S S
B2 Rl AR AR R S e R AR AR
MAPK {53 f% . NOD-like 27 {45 238 % . 1 %
VR OKG m Al z i Aa  ZUa
3.6 DEGs f§ RT-qPCR &1

FrAgE s Ah B S 2 1k i PR S 2 B R G S TR i
Z AR5 HSPs AHG, ik th 22 5 3k 5 808
B4 A4 3, B ATIG07400, AT2G26150,
AT4G25200, AT4G12400 , i#47 RT-qPCR 35 iiF.
K7 25 R, 4 AN FE R AE RT-qPCR AR k7K
S A BRI S TP B AR AR B — B
BEARHIFZE (I 7 25 S S ek e i s SR LA
R4 (0 AT A B2 ATAT S
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Fig. 5 GO function enrichment of differentially expressed genes
KEGG Enrichment
beta-Alanine metabolism 4
alpha-Linolenic acid metabolism 4 ®
Vitamin B6 metabolism - &
Tropane, piperidine and pyridine alkaloid biosynthesis 4 ®
Styrene degradation 4
Steroid biosynthesis 1 ®
Spliceosome 4
Regulation of autophagy 4 ® Signi Num
Protein processing in endoplasmic reticulum 4 o
P mediated oocyte jon{ @ ® 5
Plant-pathogen interaction - L ] ® 10
Photosynthesis 4 L ® 15
Phenylpropanoid biosynthesis 4 *® ® 20
PI3K-Akt signaling pathway 4 L
Nitrogen metabolism - o
NOD-like receptor signaling pathway < L qvalue
Mineral absorption 4 @ 1.00
MAPK signaling pathway 4 ® 075
Longevity regulating pathway - multiple species 4 L .
Glycerophospholipid metabolism+ @ 0.50
Estrogen signaling pathway 4 [ 025
Endocytosis o o )
Circadian rhythm 4 0.00
Cardiac muscle contraction 4 ®
C;i digestion and 9
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Antigen processing and presentation < L ]
Anthocyanin biosynthesis 1 ®
Aminobenzoate degradation{ @
Adipocytokine signaling pathway 4 @
0.0 0.1 0.2 03
Rich factor
A6 ZiFkAKREMN KEGGE@%E L
Fig. 6 KEGG pathway enrichment of differentially expressed genes
() RNA-seq (b) s RT-qPCR
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B{7 HFAHETEFRELR G E% KT E PCR KIE
B2 CK i3tk D5 (b 3868 it PCR IR

Ca) e S 2 B0 A0 AT 1) 28 S SRR FE DR AR X 26 ek (AR 22 A I AL 1 4y o B 4
FEAE B Citral FO0HELL CK AP 22 57 FA S AR Fe ik it (UL g Acrin BRI EEN D

* ARFRARE T XA CK 192853 B3 KF (% P<<0. 05, % » P<<0.01)
Fig. 7 RT-qPCR verification of DEGs in RNA-seq

(a) The relative expression of DEGs analyzed by RNA-seq (take the gene expression level of CK as 1); (b) the relative expression of

DEGs in Citral and CK verified by RT-qPCR (take the expression level of fActin as 1)
The asterisk represents the significant level of difference compared to the CK ( * P<C0. 05, % % P<C0.01)
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Grana S IF B AT 23 W SR 40U RE IF 1K 43
AR AR A SR 4DL e T A A 0 3 1 AR 2
Pl A7 Fa /D, A B N At 32 3] T M EE R
il s X5 0L R AT A — B A . (BT B
2 Grana S5 FH A A7 A6 I T4 Ve B —JRE B L
1 (=1000 pmol/L) , I FLl 2R FH 4 KX A )
AT I T W0 A P R R A T — YRR A B T 1 3
SEAbEy AT 9 38 A AR A I Y T AR
W BRI F O 3K D25 S A A I 02 15 T LIAE 5 =
Y3 0L R ST BT R A B S AL P B AR IR
ARV G IS 5 5T A 1 7 ALEE.

SRy R AGE I (1) 4 A T 45 R ) i ok g R 2
113 ARBIE G AL B R T 2R R A A T W
PRI R 2w H 3 d b PR R I R k. [
B FRATIEREAR T AP BRI A0 TR . Fo AT i
#® 200 pmol/L, 400 pmol/L, 600 pmol/L, 800
pemol /L YA ve JEE A B 1 e A T A Wk B Ak 3 4
R I LSRR S P R T A PR R Y
TR . LIRS A B 5 ) IR A R R A
B L A AR HE L 200 ool /T AR Ve B Fy A 1 ] LA
PR R T HU R 0 A JLAR PR B B e T AU
FASTAE T IR 5% Hp 03 1 S B S B A7 15 2R
80 %0, M A LTI BE AL B A ST BR 4] R AT 409 22 F
MG (E 2).

KA ST 3R B L 1A s i R SRR e,
HREB AL 25 B B 4 — B RARBEN T AL
WIE TR - 2RI X B S A AR L R
AR 7)) SR Ry N P VR I WA BB e S U
FEFR Ry 51 & RORE Cpriming)M™ A #F 58 HI 200
pmol /L AP AL B4V R I J o (45 40 e I XI5 2k
T E 30 A i 2 M e (R DL Rk, AELR B4y
B s A L W] LAAE R —Fh g | & 007 115 5 40,
A PRI 5 T BAREIT 5 | R0 I T UL R I 7
JE SR TS aE rh e B T B R I 3 o P RN R 4T
(IRBLRE 1.

SRR T AT AL BRS 3 N R ik K Y AR
Ak, I 2 B A A OC JE PR 9 28 2k A8 4k, FRATT 38 2
RNA-seq 43#F T 4 200 pmol/L Fr5 k ik B 5 11
DEGs. 25 3 & 3 2 ¥y 45 0 Ak 31 J5 32 230 4
DEGs, H.r 129 4~ L AFRE MR A 24802
H1 HSPs A B9 L - 40 HSP20-like 145 2 1 %
HILHATIGO7400 , KR 1 3E sk T A2 (HS-

FA2) i KA T2G26150 5 i T2 R A ) /N4
WEHAT1G25200 , it 4F Fl HSP90/HSP70 $H:[q]
YERTEBE A R HEAE R AT4G12400 4. b5 1%
51438 53 RT-qPCR 3 IF 52 31 B 35 [H] 4 1 2 78
PRI AL B JS B 3 B R (& 7). HSPs 2 B A
PR VR A 0 S 1 R 2R 1 BT A 38 DA ST 2
i 5 S5 5 T A 4G B ] A A T T A B AR
Pyt s SRR 1 JEih 3 A S R R A e 975
VY. HSPs 3 #AE N0 F AR K AEVEH DL 4ERE
AR, FEE A N LR H AR SR
FeE 2 B A 4T S LI HSPs #3806 Je A —
FIATHAERE R 7 AR I & 8 H L gs &
VAW 1385 B A W] R A O 8 1 (o L
Rl g E#IT S WOIRAS. Wi JE . 5 HSPs 456191
AEE FE R f ATP 197 R E BT & 9 KRG
PEFS SR, Pk & HLE B A AR BE PEDS). DEGs (%)
GO FREEE 2R 2 T He 4 HZ N R b (K
5),.KEGG i f% & £ 45 R L W] DEGs W ¥ & £ 1E
PRSI R A B PO T A B (IR 6, 13X il HSPs &
55 R V8 7 3 97 0 L R A A R A B 2 R i T
e — Bt

BRI, HSPs 7EAE Y 1+ 50k v &
VE IR, Hlhn Kim 250200 % Bt 2 38A cH-
SP17. 8 (AT1G07400 ) A] L 3 58 48 B I 1 Ak S %
JIi 7K (9 4% $E 15 Sun 25U F 52 AtHSP17. 6A
(AT5G12030 ) 3 2% 35 RE % $2 /&5 5 md JF 1) T 52
P Li 2622 % M Hspl7. 6CIT (AT5G12020 ) a] L)
0k AT SR ) L o SR S — R Y
PrEACHES - 7T LITE BRI B S50 A R 7 A )
PEA TSV o Ml i Pt R Be 1 e bR 2 — ., —
PRCTR LT LG R e, PR R AT R
PRI PSS FE v HSPs AHSCHE P 91K i 1M
FIk AH R I K B — 2 B PR ) D e 8 1 Jw
T 5 P 7 480 Ak T R b 9 8 A1k 4 BB AR il SOD
(ATI1G08830) it E ALY POD(AT1G05240)
I EACE M CAT(ATIG19570 ) 45 5 H (1) 3k &
A S R A CERAIE AR A . 3R A e 1) Ak 2
IR B R AL B B R R 0k R TES | &
RO 1 S 2 B B o B R AR O T R s A
+(an HSFA2 45) 13 M, #E 1M 1% & HSPs 19 3%
ik AR AR PR AL F X 5 22 T 52 T an B R U R
A NMTEFZ /T 20 F @it HSPs (1943 F
PRI Re s 5E T # o 4 & P R D e IR
FRAE B RS W HOGE T SR e B A 3

016001-7



3

% 59

* W)l K3

FRCH A F RO

%14

PRI 7

25 BRTIR AT B U I AR 5 AU R

%h¥ﬁﬁ%ﬁﬁﬁmﬂ§%ﬁlﬁﬁ%ﬁTﬁ
BRIESR i L T Lk 8 T BB 205~ HIL il WP 4

N e — PR TR A A 2R 7= FP A8 T A A
(8 JEHIETT AR A AR 250 FAE T AR 40

Rt TS WO R Y BT RS A TR A
R 1.
SE
C1] e, skam, fest, &5 ARl TR E AT

[2]

[3]

[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

K othil) ] TRIXBEESIE. 2020, 34: 97,
RAE, BR, 4, ARTAERTEZRET
AR RO e L ] RAR R 2020,
43. 230.
¥R, W05, MR, & iR RS T
{3 7. CN202010489906. X[ P 2020-08-11.
MG XUk, Efd3E, 55 Rk E3ZRiER
fiff ABRv1 i3z %k CPK3 $ -F‘%ﬂ%ﬁ?%ﬁ?%
LI PRS2 . HARBRS R, 2018, 55 613,
fLaee. thEMYERIE TS 16 ﬁf[ﬂ. NI AE
24, 2020, 31 2139.
SEAAS . W, e SRR AR R R R
i ALEAERLT . YEMIRFSE, 2018, 32 415,
ORE 2, THYE, B S R ALIERAE BB AL
FWTCHEREL ] AR FEDTE. 2013, 7. 42.
Vi, HE g, EIREE. F MR RS R
Fefi F 5 CN201911279802. X[ P, 2020-04-07
Munir R. Evaluating the role of allelopathy in im-
proving the resistance against heat and drought
stresses in wheat [ D]. Faisalabad, Pakistan: Depart-
ment of Agronomy, University of Agriculture, 2001.
FIZKSE. & AR EORT il R o IR 25 G R T LML
W ZrgBHE AL, 2008 7.
Grana E, Sotelo T, Diaz-Tielas C, et al. The phy-
totoxic potential of the terpenoid citral on seedlings
and adult plants [J]. Weed Sci, 2013, 61 469.
Grana E, Sotelo T, Diaz-Tielas C, et al. Citral in-
duces auxin and ethylene-mediated malformations

and arrests cell division in Arabidopsis thaliana

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

roots [J]. J Chem Ecol, 2013, 39. 271.

Grana E, DiazTielas C, Lopez-Gonzalez D, et al.
The plant secondary metabolite citral alters water
status and prevents seed formation in Arabidopsis
thaliana []]. Plant Biol, 2016, 18 423.
Chaimovitsh D, Rogovoy O, Altshuler O, ez al.
The relative effect of citral on mitotic microtubules
in wheat roots and BY2 cells [ J]. Plant Biol, 2012,
14. 354.

Zhang N H, Yu D, Zhu X F. RNA isolation from
plant tissues: A hands-on laboratory experimental
experience for undergraduates [ J]. Biochem Mol Bio
Educ, 2018, 46. 253.

Conrath U, Beckers G J] M, Flors V, et al.
ing: Getting ready for battle [J]. Mol Plant Mi-
crobe Interact, 2006, 19. 1062,

Waters E R, Vierling E. Plant small heat shock
proteins-evolutionary and functional diversity [ J].
New Phytol, 2020, 227. 24.

Haslbeck M, Vierling E. A first line of stress de-

fense:

Prim-

small heat shock proteins and their function
in protein homeostasis [ J]. J Mol Biol, 2015,
427 1537.

Baniwal S K, Bharti K, Chan K Y, er al.

stress response in plants:

Heat
a complex game with
chaperones and more than twenty heat stress tran-
scriptions factors [ J ]. ] Biosciences, 2004,
29. 471.

Kim D H, XuZY, Hwang . AtHSP17. 8 overex-
pression in transgenic lettuce gives rise to dehydra-
tion and salt stress resistance phenotypes through
modulation of ABA-mediated signaling [ J]. Plant
Cell Rep, 2013, 32. 1953.

Sun W, Bernard C, Cotte B V D, et al. At —
HSP17. 6A, encoding a small heat-shock protein in
Arabidopsis,
expression [ J]. Plant J, 2001, 27, 407.

LiGN, LiJ, Hao R, et al. Activation of catalase

can enhance osmotolerance upon over-

activity by a peroxisome-localized small heat shock
protein Hspl7. 6CII [J]. J Genet Genomics, 2017,
44 395.

1 3l AAAER i
T Sc Sk, FLE. B8 S FPEREA SOOI HU T Kk RS AT )], MUNIKE R AR T
i B, 2022, 59: 016001. i
;L YL : Zhang M D, Bai ] Y, Wang X, et al. Citral-induced drought resistance in Arabidopsis thaliana and analysis +

f of differentially expressed genes [J]. J Sichuan Univ: Nat Sci Ed, 2022, 59: 016001. +

O S S S e S i S T e S i S e T ST S i o ST S e Sl

016001-8





