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7] E/J T 2R RAGKRFTE (Penicillium digitatum) 5HAG EAET AP UHBHRAER L KRR, KA
THRRAFEFZEIRTPRERRAGERESR (REBTE, OCHLK, ZRREMFEER) 89UHBERE. 1-A4
E78 l'ﬁk;p-l # 8 (l-aminocyclopr-opane-1-carboxylic acid, ACC) 4% & 1-A KA R Ie-1-% 8 A E (1-aminocyclo-
propane-1-carboxylic acid oxidase, ACO) #94 B & & K-F; A A TH A RITHF o- (AAAKL) TEB (o
aminooxyacetic acid, AOA) . /%R H LHi & mATh4 R a-BA/X =B (a-ketoglutaric acid, a-KG) #= 2-B7-4-F mLik
T8 (2-keto-4-methylthiobutyric acid, KMBA) %3R5, LEMZE R TG THBHNE, 4R ET, P digi-
tatum Z R IR F CHERF L H I, FERARABENLY, RBRERBOTHLSEN S THRERX, B
T ERE; A A AOA THB MG LH ARG, BEIETHIHE AR RARAST =4, ARTHRKX,
T RARREMACC &E RS, HACOI F2 ACO2 ) B R A JLF# A% ; KMBA 47 a-KG & AR Z FRA T
UHikEReE, Tt—FmBTHRERE. 4L, P digitatum SHABEEEF CHBRE L E Wm0, HRRMZE R
SMUHEROTRAELEEZR, RINCHOBARBRTREREBRAAENAX, LELRREOFERNTH
EABRIAEFTTRAEZTZMERN, XA ENB P. digitatum $913 FhUHIRAE T AL A .
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Ethylene Biosynthesis and Its Origins in the Penicillium
digitatum-Citrus Interaction
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Abstract: To investigate the patterns and origins of ethylene release in Penicillium digitatum-citrus interaction, ethylene
biosynthesis was analyzed both during the infection process and across distinct infection zones (green sporulation zone,
white mycelial zone, macerated zone, and healthy zone) by gas chromatography. Additionally, the content of 1-aminocyclo-
propane-1-carboxylic acid (ACC) and the expression levels of ACC oxidase genes (4COI and ACO?2) were measured in
different infection zones. Citrus were treated with the plant ethylene biosynthesis inhibitor a-aminooxyacetic acid (AOA),
as well as the fungal ethylene precursors a-ketoglutaric acid (a-KG) and 2-keto-4-methylthiobutyric acid (KMBA), to deter-
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mine the ethylene level. The results showed that ethylene production significantly increased during P. digitatum-citrus inter-

action, characterized by an initial increase followed by a sharp decline. All infected zones accumulated significantly higher

ethylene levels compared to the healthy zone, with the most pronounced accumulation in the green sporulation zone. Fol-

lowing the pharmacological inhibition of ethylene biosynthesis in citrus by AOA, ethylene production was partially sup-

pressed. The highest ACC accumulation was observed in the green sporulation zone, while the expressions of ACO!I and

ACO?2 were nearly completely inhibited. Application of KMBA or a-KG resulted in markedly enhanced ethylene emission

and accelerated disease development. In conclusion, ethylene production is significantly enhanced during the P. digitatum-

citrus interaction, with varying contributions from different infection zones. Ethylene produced during infection originates

from both the host fruit and the pathogen, with the fungal-derived ethylene functioning as a virulence factor. These findings

provide new insights to understand the possible pathogenic mechanisms of P. digitatum.
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AT WIS EZEREART T {i AR R A S L
BT L5y, (HX AR S R e BAE Y
ERMRSR A RESI . BWFFRMMIE T Botrytis
cinerea TEAR G BRAS R SZF 0 AT, H [ SRS 24
I B AR S R R R SR N AR R DA DG, (B4R
YL F = A 1) 2 AN IR TR PR 075 0T [, A7
K B. cinerea £ O IGAEAZ G BT OVE FIARSR AR
BH#RU, Zhu S0 R FHSGCRE T DRI B. cinerea &
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T WA 4% R 92 ( Citrus reticulata Blanco. cv.
Chun jian) R PUJI4E JE L S EE i, 2 FHIRVN
¥j— | TOHLEFR AT B s BT 19\l s B R SR 51
18I 5 Penicillium digitatum(CGMCC3.15410)
W) T v [ A 3 A A ) B A R U R s - (S B
A ) 2 2 (a-aminooxyacetic acid, AOA) (4 J&F =
98%) . 1-ZAFLFA N BE-1-¥2 R (1-aminocyclopropane-
1-carboxylic acid, ACC) (ZliJFE =97%) . o~} — Mg
(a-ketoglutaric acid, a-KG) (4] =99%) | 2-fiil-4-F
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i 2% T IR ( 2-keto-4-methylthiobutyric acid, KMBA )
(G =97%) WT_LigRTHr T AE bR A bR
4~ 7l ; RNAiso Plus. Fruit-mate™ for RNA Purifica-
tion. PrimeScript RT reagent Kit with gDNA
Eraser il #: . TB Green® Premix Ex Taq™ 1l Fast
qPCR i5fl&  WT HZ Takara Bio 2\ Fl,
Agilent7890A KA  SEELHECRIRA
PR W]; RE-5203 JEfe 78 KA W sR A HR
J”; NanoDropl000 B E 436G SREN A
Y & 4t (ABI) 2\ %l 5 QuantStudio 6 52 I 9¢ 6 5E &
PCRAY € E W F4E ¥ & 8t (ABD) 2\ #] 3 C1000
Touch PCR 1 ZE[E Bio-Rad 23 F] .
1.2 LWHE
1.2.1 IR MAFEIREHIE  RREEIRE S
BT PDA K533 h, 78 25 C JAWE /M TR 3%
7~14 d, )5 FHTCH /K b8 187, SR AT k4%
AR AU 55, I R 22 TR S goie BE .
1.2.2 RSubEf
1.2.2.1 REZRpLLEE AAG R SEAE 0.1% IRER
NS AL ER 2 min, /KT A . FIKE
FTFLAER A HIAE 5 AR FASHC 1 M 2 R 3 (AR
5 mm), ¥ 5 R H PR E S E T 20 mL 08 N,
Wi i 4946 500 pl ¥EE S 1x10° CFU/mL FYF8IR
BT B IR (PD), BCE T 18 R 16 1 35 3246
(25 °C, HHXHREE 95%) o LATCEE/KAEIXTIR, 4F 2 d
R — IR L das s, HAGI 8 d
1222 REZZHXEEEE KR TFLARAE ST
IRIEFBALZERIE B— A2 3 mm #9455 0, I A
1x10° CFU/mL WFSIR T B TEIF 40 pL. fE1E
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Jo, W E 1 TR, ARG SR SE R 2 TE AL 4 MR G X
W FOMATX(G), HEARELZX (W), 235 X (M) LA
FARFRIX (H) o FHICH AR I AN [F] DX 38k 455 BOAH
M AL BT 50 mL #EEHUS , 37 B A% R 2
ZEBAEIN Z TR

AT IX

(@) (b)
BT MR IR IR T RS 5 4 d(a) F1 5 d(b) 1Y
Fig.1 Disease symptoms of citrus fruit at 4 d (a) and 5 d (b)
after inoculation with P. digitatum
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2 mmol/L AOA ¥#EWIZ#L 2 min, 73 —¢H A TCH /KIZ
WLALFE . B HAL BR I AR B BT 20 mL i AE A,
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Jit B TR IR E MR R IR A6 (25 °C, FAXHBE 95%),
2 d Rl—IR Z s e, HER 8 d.
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T 95%), & 2 d Kl — Rk LA B e, A 8 d.
1.2.3 ZMBOaaEilgE BRI AT, Bl el
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WELIFAEI MR, Z53R LA pL/(g-h)FRoR .
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R 1.2.2.2 T ATIRACEE I, FHICH TR I 53 e SR
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1 SERPOLE R PCR AT TS 1H)¥ 51

Table 1  Primer sequences used for qRT-PCR analysis
B 51975 (F 5°-37) 197 51(R 5°-37)
18SrRNA TCGGGTGTTTTCACGTCTCA CGAAGGGTCGCCGTAGGT
ACOI TGGAGCAAAGATTCAAGGAG GAGGGAGGTGACGCACATAG
ACO2 GGACAAAGGAGGAACATCAATC TACTATGGGCACTACCAAGCACT
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Fig.2 Temporal (a) and spatial (b) variations of ethylene
emission in P. digitatum-citrus interaction
e AN R R A B2 8] 25 57 2. 3 (Duncan’s test, P<0.05);
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6 d, LIFE BT & 47 B 29 Xt BZH 1 2.96., 9.12 Fl1
4.45 1%, ¥ 32 = T ARERYLHLU(P<0.05), HEIL
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Fig.3 Effect of AOA on ethylene production in P. digitatum-
citrus interaction
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B 0 SR Y5, AS SCI 58 T 5 52 AN [6) 42 4L X3,
ACC & . ACC ERECNIE 2456 A J 0T
Ry, AR SEY O EBERE VIS H
& 4l g, s 1 IX (G) 4l ACC & &M
(64.80 nmol/g FW), 2y R IX.(H)4H4! ACC & i
M 15 1%, S5RULHHBEE R Jud R R e, L AL
AT X, FESHLR) ACC S gt = TR R Yy
PR ZH 2 .
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Fig.4 ACC content in differentially infected tissue zones
of citrus fruit
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2R LTS8 g il .
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Fig.5 ACOI (a) and ACO?2 (b) relative expression levels
in differentially infected tissue zones of citrus fruit
2.5 WEEHESRBTEYIRIHRE ZHBBERER
A1)

KMBA #4241 EFE iS22t =& R 2 )

Fig.6 Effect of a-KG/KMBA treatment on ethylene
production in P. digitatum-citrus interaction
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Fig.7 Effect of a-KG/KMBA treatment on the disease inci-
dence (a) and lesion diameter (b) in citrus fruit
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WP . BAORUL, R TR IRE E/SHE 2 d, a-KG
5 KMBA AbHH 2 AH A7 14 A 995 48800 B 4H 45 1) T e
T 56.67% Fl 66.67%, J[EHE ELAL5r AN T 82.59%
1 85.21%, ULAh, EEF)EHE 3 d 55 4 d, a-KG
1 KMBA AbFELH (19955 B 42 2 . 35 5 T JC B 7K %)
AHZH (P<0.05) .
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M ACC &i 2= TR R AL iR 4H 4. i 4h
Y5 Achilea 6P (i iE —32k, Bl CieFe R B
BT R R IR DT, B A A SR R 2 Y
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