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Involvement of induced resistance by methyl jasmonate to blue mold and

reactive oxygen species metabolism in navel orange fruit
CHEN Ming, ZHENG Zhiyuan®’, WANG Yinbao, GUO Yue, JIANG Haiyan, FU Yongqi, ZENG Jiaoke,

CHEN Jinyin, XIANG Miaolian"

(College of Agronomy, Jiangxi Agricultural University/Jiangxi Provincial Key Laboratory of Fruit and Vegetable Storage and Preserva-
tion/Collaborative Innovation Center of Postharvest Key Technology and Quality Safety of Fruits and Vegetables in Jiangxi Province,
Nanchang 330045, Jiangxi, China)

Abstract: [Objective] Navel orange [Citrus sinensis (Linn.) Osbeck ], one of the most widely planted
citrus fruit trees in the world, is mainly planted in Chongqing, Hubei, Jiangxi, Fujian and other places in
southern China. However, navel orange fruits are susceptible to diseases caused by pathogens during
postharvest transportation and storage, seriously affecting the quality and economic value of the fruits.
The blue mold caused by Penicillium italicum is one of the most important postharvest diseases in navel
orange fruits, which is currently mainly controlled by chemicals. Currently there is an urgent need to de-
velop safer and more efficient preservation techniques to control post-harvest diseases of navel orange

fruits. Methyl jasmonate (MeJA) is an important natural plant growth regulator, which can be used as an

Yrtm HHA: 2024-04-11 5 HEA:2024-09-27
EEWE - 1K QAR 4 (32260793) : TLTG 4 A AAFL 542 (20224BAB20503 1) s VL TH 44 b ML A 4 3R (JXARS-07)
TEB BRI, 5, 2052, w42 S0, BF 5007 1) A S s sl AR i 5 0 i 1A 4% . Tel:0791-83813185 , E-mail : mingchen@jxau.edu.cn. #A43L
AR —1E# .
*JB{51E& Author for correspondence. Tel:0791-83813185 , E-mail : mIxiang@jxau.edu.cn



2556 3 ) 2 e 413

inducer of resistance to pathogen infestation to produce a defense response in plants. In recent years, the
aspect of MeJA-induced disease resistance in plants has become a hot issue, but there are fewer reports
on MeJA-induced resistance to P. italicum in navel orange fruits. In this study, we investigated the rela-
tionship between exogenous MeJA-induced postharvest resistance to the blue mold and reactive oxygen
metabolism in navel orange fruits to provide a theoretical basis for the potential of the application of
MeJA to control postharvest fruit diseases. [Methods] In this study, Newhall and Longhuihong navel
orange fruits were used as test materials. Firstly, the fruits were cleaned with 0.05% sodium hypochlorite
and water, then after being dried at room temperature, one group fruits were treated with 50 pmol - L™
MeJA for 24 h at (26%1) °C and 85%—95% relative humidity, another group fruits were sprayed with
100 umol - L' SHAM, and the third group treated with sterile water was used as control. The conidia of
P. italicum that had been cultured on PDA medium for one week were collected and made into a spore
suspension with a concentration of 1.25x10° spores - mL™'. The surface of the fruits was sterilized with
75% ethanol and inoculation was carried out by puncturing the equatorial part of the fruit at equal dis-
tances using an inoculation needle with a wound size of 2 mm in diameter and 3 mm in depth and inject-
ing 20 pL of spore suspension of P, italicum. Ten fruits were selected from each treatment for 7 consecu-
tive days, and 1 cm of peel tissue was taken from the disease-health junction of navel oranges and quick-
ly frozen with liquid nitrogen for further analysis. The activities of glutathione reductase (GR), ascor-
bate peroxidase (APX), superoxide dismutase (SOD), catalase (CAT), monodehydroascorbate reductase
(MDHAR), dehydroascorbate reductase (DHAR), and the relative expression levels of related genes in-
cluding CsGR, CsAPX, Cu-ZnSOD, CsCAT, CsMDHAR and CsDHAR3 were measured. All data were
statistically organized and analyzed by one-way analysis of variance (ANOVA) using Excel 2018 and
SPSS 20.0 software. The origin 2018 software was used for graphing, and all data in the graphs were ex-
pressed as mean + standard error (SE). [Results] MeJA fumigation treatment significantly enhanced the
activities of GR, APX, SOD, CAT, MDHAR, DHAR and the relative expression levels of CsGR,
CsAPX, Cu-ZnSOD, CsCAT, CsMDHAR and CsDHAR3 in two navel orange varieties fruits. In the Me-
JA treatment of Newhall, they were 1.10, 1.16, 1.12, 1.69, 1.21, 1.43, 1.16, 1.42, 1.56, 1.36, 1.58 and
2.32 times as much as the control, respectively. In the MeJA treatment of Longhuihong, they were 1.13,
1.49, 1.02, 1.41, 1.26, 1.79, 2.98, 1.59, 1.10, 1.79, 1.57 and 1.31 times as much as the control, respec-
tively. At the same time, the content of reduced glutathione (GSH), ascorbic acid (AsA) and DPPH free
radical scavenging rate were significantly increased, the content of hydrogen peroxide (H,O.) and the
production rate of superoxide anion (O,") were decreased, and the accumulation of malondialdehyde
(MDA) content was delayed. [Conclusion] In summary, MeJA fumigation of navel orange fruits for
24 h before inoculation could significantly enhance the resistance of fruits to P. italicum, increase the ac-
tivity of enzymes related to active oxygen metabolism and the expression levels of key enzyme genes.
The above results suggested that the enhancement of the resistance to the blue mold in navel orange
fruits induced by the MeJA treatment might be related to its regulation of the reactive oxygen species
metabolism. This study could provide theoretical basis and technical reference for the prevention and
control of the blue mold disease during postharvest storage of the navel orange fruits.

Key words: Navel orange fruit; Methyl jasmonate; Resistance to blue mold; Reactive oxygen metabolism
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Table 1 Sequences of primers

iigier P ER S S5 Ji BORAS NCBI5

Orange gene name Primer sequence (5—3") Fragment size/bp NCBI code

CsCAT F-TAAACCTAACCCAAAGTCTCACA 248 XM_006473731.3
R-TTGCCTCATCTTCCAATAAACAC

Cu-ZnSOD F- CTTGGTGGAACTGAGGGTGT 173 XM_006471743.2
R- GGGTTAAAGTGGGGTCCAGT

CsGR F- CTTGGAGCATCAATGTGTGG 165 XM_006493645.3
R- AGCAACACGTCTCGTCACAG

CsAPX F- CGATCCGTTGCTTTGTCAG 309 XM_006492612.2
R- GCATAGTTCCCTCAGTTGCTT

CsMDHAR F- TGTGGGTGGAATACAGGTTGA 246 XM_006476437.3
R- ACTTTCCTGGGGCTTCCTTC

CsDHAR3 F- GACTCGGCGACTGTCCATTT 136 XM_006482068.3
R- GGAACTTTACCTTCGGGGCT

CsActin F- CATCCCTCAGCACCTTCC 195 XM_006464503.3

R- CCAACCTTAGCACTTCTCC
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HEERENZN

Wil 5-A FE5-B Frow , 2 faf ZR AR [RI 213 2H Ak
HE MDA & 12 3 il £ Bl i 8] /) 28 K 2 K3 BT
o Alfar /R MeJA Kb 7EH Rl 5 BR 28 5 R AN B E K
T CK A (p<<0.05) : FEF 5 26 3 RImAK, 707l N
CK A1 SHAM 4 P 41 1) 64.08% F1 67.46% . [0 2T
MeJA Kb HEZH MDA & SR MG 56 2~5 R B EKT
CK H (p<0.05) ;s THME 2 5 K, & &2 CK Al
SHAM AbFRZH 1] 74.93%F1 71.89%

TEREFN G 56 3~7 K, 4l 4ui /K MeJA 4t 2 DPPH H
SRR EE ST CKA (p<<0.05) : M 5 4
6 K, MeJA 4 HE DPPH H H 2578 B 2 & =1 » 70 il o2
CK 1 SHAM AbBEZH ) 1.29 A1 1.19 1% (B 5-C) o 1E

PREERN S 55 2.5 RN, [ 41 MeJA 403 DPPH H H
FERRL R E ST CKA(p<0.05); THMEH 7
K, MeJA 43 DPPH H H L5 BR 2 % 51, 431l /2 CK
F1SHAM AL BEZH () 1.18 AT 1.11 £% (] 5-D)

2.6 MeJA LI XT B #& SR SE MDHAR #1 DHAR JE
i obA10)

FH B 6-A 7] A1, 4147 /K MeJA 4b ¥ MDHAR 7% 4
TEFEFN G 55 3~7 R % @ T CK il SHAM 4t 3 21
(p<<0.05) s T E:Fl J5 55 3 Rk B {H , MeJA b 2
MDHAR % 4 73 51| /& CK 1 SHAM &b BE4H 1 1.21 A1
1.78 f% .t &l 6-B 1] 1, BRAE 4Rl G 28 6 R Al 4L
MeJA 4 ¥ MDHAR 3 14 5 SHAM A #6225 7% 7
Ab, TEHEFN G 28 2~7 K 8.3 = T CK Fl SHAM 4t 2
H(p<0.05) s T4 5 28 5 K =1 » MDHAR 5 % 7
il & CK Al SHAM AbEEZH 1) 1.26 F111.53 1%

B 5 2 A B 8] 1 ZE K, 4047 /R MeJA Fl SHAM
QPR ZH DHAR G 1 B I X0UE &3 (B 6-C) o T-Hefh
JG 55 1 RN 4~6 K, MeJA 4bFE DHAR W& 1 2 2%
F CK 1 SHAM Kb FE A (p<<0.05) ; FEHEFN 5 55 5 K
5, 2 A& CK A SHAM Ak 3 41 (1) 1.43 1 1.47
. M 6-D AT AT, e [Fl4r 3 20 Ab i DHAR i% 141
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KR ETHE THEMES . TEMES 4K, Me-
JA 4bPH DHAR V&V 5 1 » 43 i) /& CK A1 SHAM 4b B
HE1.79 A1 1.91 f%,
2.7 MeJASCIEST B RIEM SR IFIRE X B
EFEFIERIF T

H B 7-A Fros, T4 G 56 3~4 RS 6~7 K,
214 /R MeJA AFEAH CsGR M A& B E & T CK
FISHAM AL HEZH (p<<0.05) ; 7E LR 5 565 7 K, MeJA
Wb PRZH CsGR AR eIk B fe im , 43 il 7& CK Al SHAM
AR 116 A11.86 fi5. HHIE 7-B o, BRI o
57 KA, RIZ MeJA A HE 4 CsGR AR R IE & .
F T CK I SHAM A H4H (p<<0.05) ; T3 Fl 5 4
4K, MeJA 4b 3 2H CsGR A% 3R 18 2 5 &1 » 70 7l A&
CK fll SHAM 4 #2111 2.98 F12.52 1%«

A A /K MeJA AEFRZH, CsAPX AN R i5 B i
J& 551 R AN 2w T CK i SHAM Ab #L 4 (p<
0.05) (B 7-C) ; MeJA b BEZH CsAPX FH X} F 15 A
MR 28 S R 70 il 22 CK Al SHAM 4k 2 25 1)
1.42 F11.24 1% . J 0140 MeJA AbHE4H CsAPX FHX 2
KRR G 26 2~6 K53 7= T CK Al SHAM Ab 2
H (p<<0.05) (E 7-D) ; MeJA &b HE 41 CsAPX H %t 32
KB TR G5 5 R, 73 il 72 CK Al SHAM 4k
A A 1.59 F113.01 1%

W 7-E Fos, fEREM G R 28 3.4 Fl6 R AL, 4l
i R MeJA ZbHE 2 Cu-ZnSOD MIX Ris B E & T
CK fll SHAM At HE 41 (p<<0.05) ; THFPE 55 7 K,
MeJA 4k #2240 Cu-ZnSOD #8 %} 215 & % =1 » 73 il /&
CK A1 SHAM AL FEAL 1) 1.36 F1 1.17 £ . w1 7-F fir
AN FEEFN G 28 3 K, e B 41 MeJA AL 324 Cu-Zn-
SOD FH%f 215 Bk B IEAE , 73 7] /& CK F1 SHAM 4t
PR 1.79 F11.20 fi% o

TERERN G 56 2~4 RANEE 6 K, 414 /K MeJA Kb HE
H CsCAT A XS Rk 5 235 75 T CK Al SHAM Ab R 2
(p<<0.05) ; MeJA AL FE 2 CsCAT AR 35 & T 52 Fl
J& 55 6 KB, 23 Bl & CK 1 SHAM AL FE4H () 1.56
44115 (B 7-G) o fERERN G BREE 2 RN, el 4L
MelJA 4b 3R 2H CsCAT A 2k 535 2 5 T CK Al
SHAM 4 #E2H (p<<0.05) ; TEFFN 5 2 4 K, MeJA ik
PRZH CsCAT FHX ik & 5 =1, 73l /& CK il SHAM
AEFRZH A 1.10 A1 6.75 1% (K 7-HD .

M 7-1 0T %0, 41 4nf /K MeJA 4b 3 2H CsMDHAR
FIX R IA ARG 55 1.4 RANEE 6~7 KRB m T

CK Fl1 SHAM 4t H 21 (p<<0.05) ; Kb ZE 2 F 5 45 6
K, MeJA R FE2H CsMDHAR F % 2615 & e i 43
& CK Fl SHAM Ab#2H (1) 1.58 F1 1.29 fi% . MK 7-J
ALAL, BREEF G 28 1.6 RAM, B4 MeJA 4b B 4H
CsMDHAR % % ik & 45 15 3 5 T CK il SHAM 4
A (p<<0.05) s MeJA 4b 2 4 CsMDHAR i %f % 15
HAERM G S 7 R, 73772 CK NI SHAM AL 221
K 1.57 F11.96 %

H B 7-K B FERM G BR A 2.3 R AL, Al /K
MelA 4 BEH CsDHAR3 A X 3R 15 & 2 3 & T CK M
SHAM AR (p<<0.05) s THFH 5 55 6 K, MeJA &b
P 2H CsDHAR3 FH X % ik & &% i, 43 7 & CK
SHAM A F A1 2.32 F11.91 /% . 1K 7-L s, 76
B G 55 3 RKANEE 5~6 K, J [ 4T MeJA Ab#E4H CsD-
HAR3 A X 31k & 2 3 & T CK 1 SHAM 4b 2 20
(p<<0.05) ; MeJA &b ¥ 2H CsDHAR3 FHI%t 3 1k & 1E 4%
5 88 7 R BIEAH, 4373 /2 CK AT SHAM AL R ZH 1)
1.31 F11.03 1%,

3 W ®

MeJAME N —MBiwifE 551, L S

Z PR G R R B R A HPRE T . BT A A
< B 1 FH MeJA Ab 3 2 5 1 S SE A A B CAT,
APX A1 SOD &M HARH#E T GSH. AsA & &=, I
BEAR T O = AR 2 I H.0, & A R, 3
TEABIG &5 R h R, 50 AL B, 50 pmol - L
MelJA ZE 7€ b BE 20 407 /K FUMY 0] 40 e 0 5 sz, 34 Wi 3%
#2787 GR.APX.SOD M CAT & M, 1% T HO, &
B O, FRAR A, HEHE T GSH AT AsA R 2R, Kl
AR MeJA RE B T s PRI & AT, B35 1 o
T SOD iE 4, ¥ AN Fa 2 19 O 4 i BN T A2 5 1
H,0,; [Al H,0, X AF CAT Al APX FI1E R 8% 40fif H
H.O 1 Oy, A S £ GR [P AL T GSSG # i4 Ji ¥ i
GSH. fEMeJA RLFR, JF A8 SR S fA o v M 400 i
NG bR, ST IE R S AT, TR TR
SR EHE BRI E . AT IESMNEEUR R TS
T BRI P Y 5 [R] B B S 3 T
B 1 o FEAR SR PR A, AT 3G 98 1 SRR HE U R
W2 YIRE 1. MDA J& i i ok S8 Ak R E 2 =),
LB ] LB B2 s WX A 40 4 P B ) e R 2 B

& EPURRE S EE R ", DPPH H HEEE R R
SEAEPH LN () B TS B 2 1) B E Fe bR . ROS
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HE R RSP % AsA-GSH 7631 , GR. APX. MD-
HAR F1DHAR /& AsA-GSH &35 1 1) S8l . APX
1k AsA 7= 4 MDHA, 3 ¥ % H.O,; MDHA 7E MD-
HAR 1L T AT i AsA , GSH Jy DHAR 2}t B 76
DHA LN AsA. BEAEARM TP K, 5 CKA
1 SHAM 2H ELAR , MeJ A BE 7% Ab BE 52 el 9 s o J 4
TS PEE AR, SR 52 A MDHAR F1 DHAR 3% P15
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AsA 1] {5 5 M AsA-GSH 1 ¥4 b 5C 4 i MDHAR .
DHAR 3% M , 335 1 75 5 S 38 9ok 70 SRR B 1 e
PEo HI L HED MeJ A 4b B 75 5 18 B 920 75 7597 1
PUPE 5 U G T AR A SRS M S ol 5
K, HEEE AR 7L R BT, e [m] 21 48 S S D LA
TEHE PN ER 3 K IR 3 /N T 4 Aaf JR e P S S B B4
U W 0] 21 Bl A 47 ZR T 0 SR ST 0, P RS B
T MeJA Kb 3 28 3 A AU AR A OG Bl M A P o
R TR AN 7] it o () A7 22 5, L L i DR 75 22 g
—BIRAWEA

T D AE T8 5208 JE AR A G i, AN TR AR 555
FAT VR A R AR AR B0 22 FhoRE DG 7 48 25k 1R 1
Rk, B FEW LD RN . 5T FLR B AR
MelJA Rb 3 J5 35 e 39 0 S5 S Ad o 3 PR AR U G S g
FE DR (1) 2 0k £ AT 18 5 SR S Ji A ) B PR e
I Ah At 7 Bt 5 an K 91 BE 5 % (acibenzolar- S-
methyl, ASM) F14E 22 25 (melatonin , MT) 7 X} B4 5 512
PUK J5 BB 07T R FE tH ASM AR RO 1A S
HHHUR A 2 3L K] PeSOD . PcCATPcAPX 1 PeDHAR
B RIE ; U MT T A B IR 35 $2 8 17 S 52 A B 4
g 3£ K] PpCAT PpSOD PpCHI 1 PpGLU f 2214 H.
TE J5 W4 R /K 3R0 , 3 0 s B R S PR
J& BB I RE 10, AAREG S5 TR, T HeA T
MelJA FEZ5 b BRITEHE RS2 5, RE 5 5 IO A8 2R S 1
AR A < B B K ( CsGR CsAPX Cu-ZnSOD
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A g5 PR AU AR DG 25 R 11 e Rk 4
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4 4w
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