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Table S1. Physicochemical properties of the synthetic peptide
	Property
	Value

	Peptide Sequence
	H2N–YGRKKRRQRRR–OH

	Molecular Weight (Theoretical)
	952.80 Da

	Molecular Weight (Observed by MS)
	955.80 Da

	Purity (by HPLC)
	97.77%

	Appearance
	White to off-white lyophilized powder

	Quantity
	10.0 mg

	Storage
	–20 °C

	Solubility
	100% H₂O

	Dissolution Condition
	7AA buffer

	HPLC Column
	SHIMADZU Inertsil ODS-SP (4.6 × 250 mm, 5 µm)

	Mobile Phase
	A: 0.1% TFA in H₂O; B: 0.1% TFA in ACN

	Detection Wavelength
	220 nm

	Injection Volume
	9 µL
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Fig. S1. HPLC chromatogram of the synthesized peptide
[image: 肽的质谱图]
Fig. S2. Mass spectrum of the peptide

















Table S2. GO enrichment DDA-vs-CK differential gene GO enrichment bubble chart
	Number
	GO ID
	GO Description
	Adjusted Pvalue
	Rich factor

	6
	GO:0006635
	fatty acid beta-oxidation
	0.00165322
	0.375

	6
	GO:0019395
	fatty acid oxidation
	0.00165322
	0.375

	43
	GO:0016491
	oxidoreductase activity
	0.00165424
	0.093

	7
	GO:0072329
	monocarboxylic acid catabolic process
	0.00166841
	0.333

	6
	GO:0034440
	lipid oxidation
	0.00174707
	0.352

	6
	GO:0009062
	fatty acid catabolic process
	0.00273034
	0.315

	6
	GO:0044242
	cellular lipid catabolic process
	0.00409556
	0.285

	14
	GO:0015399
	primary active transmembrane transporter activity
	0.00535507
	0.135

	15
	GO:0022804
	active transmembrane transporter activity
	0.00716917
	0.126

	6
	GO:0030258
	lipid modification
	0.01353410
	0.222

	11
	GO:0042626
	ATPase-coupled transmembrane transporter activity
	0.02014746
	0.126

	5
	GO:0005777
	peroxisome
	0.02252531
	0.227

	6
	GO:0016042
	lipid catabolic process
	0.02300800
	0.171

	2
	GO:0000447
	endonucleolytic cleavage in ITS1 to separate SSU-rRNA from 5.8S rRNA and LSU-rRNA from tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA)
	0.02493164
	0.667

	2
	GO:0030312
	external encapsulating structure
	0.02493164
	0.667

	2
	GO:0003988
	acetyl-CoA C-acyltransferase activity
	0.02493164
	0.667

	24
	GO:0022857
	transmembrane transporter activity
	0.02603380
	0.0882

	4
	GO:0042625
	ATPase-coupled ion transmembrane transporter activity
	0.02788727
	0.25

	4
	GO:0046961
	proton-transporting ATPase activity, rotational mechanism
	0.02788727
	0.25

	4
	GO:0044769
	ATPase activity, coupled to transmembrane movement of ions, rotational mechanism
	0.02788727
	0.25
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Fig. S3. Functional classification of GO pathways and enrichment significance
























Table S3. KEGG enrichment DDA-vs-CK differential gene KEGG enrichment bubble chart
	Protein Number
	Pathway ID
	KEGG Description
	Adjusted Pvalue
	Rich factor

	3
	map03022
	Basal transcription factors
	0.19129295
	0.130

	5
	map03008
	Ribosome biogenesis in eukaryotes
	0.21832603
	0.083

	4
	map02010
	ABC transporters
	0.314055897
	0.102

	2
	map00561
	Glycerolipid metabolism
	0.500153549
	0.064

	2
	map00410
	beta-Alanine metabolism
	0.509077306
	0.066

	3
	map03083
	Polycomb repressive complex
	0.519496904
	0.150

	2
	map00310
	Lysine degradation
	0.519637643
	0.068

	3
	map04814
	Motor proteins
	0.520732916
	0.055

	2
	map00330
	Arginine and proline metabolism
	0.5310865
	0.080

	2
	map00340
	Histidine metabolism
	0.545942662
	0.117

	2
	map00380
	Tryptophan metabolism
	0.547604001
	0.074

	2
	map00770
	Pantothenate and CoA biosynthesis
	0.551414197
	0.083

	2
	map03082
	ATP-dependent chromatin remodeling
	0.577595094
	0.086

	1
	map03440
	Homologous recombination
	0.583847428
	0.100

	2
	map04145
	Phagosome
	0.599644588
	0.052

	2
	map03420
	Nucleotide excision repair
	0.599644588
	0.052

	4
	map00190
	Oxidative phosphorylation
	0.611155801
	0.055

	3
	map03040
	Spliceosome
	0.636534638
	0.030

	1
	map00350
	Tyrosine metabolism
	0.64471897
	0.035

	1
	map00020
	Citrate cycle (TCA cycle)
	0.64471897
	0.035
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Fig. S4. Functional classification of KEGG pathways and enrichment significance
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Fig. S5. TEM images of liposomes at different time points (1–4 h).




Table S4. qRT-PCR primer design sequence
	
	Sequence (5'->3')

	SOD
	TTCGACGCGATGAAGGTTAC

	
	CGTAGCCACCACCATTGAAC	

	PDF
	CAGCAACCGCTACTTCTCCA

	
	GGCCTTGTTGTCCTCGTAGT

	CAT
	AGGAAGCGGGAGAAATCGAC

	
	TCCGTTTCCAGTGATGCTGA

	ACCOx
	GGCTGTTGCTGGAGAGGTTA

	
	AACCCAACCACCTCCTTCCA

	EFE
	TGCAAGGCTCTGGAAGATGA

	
	TTGATGCCCACCAAGTTCAC

	APX
	GGCCTTGGTGTTGGAGAAGT

	
	CACCAACCCGTAGCCATCTT

	PR2
	GATGCTTCTGGTGGGAAGAT

	
	TCTTCCACCTTCACACGACT

	PR3
	TGGCACCAAGACCTCTTCAT

	
	CCACCTTGGAAGCCTTTGTA

	BZIP
	AGCTCACGGTGGAAGTATTC

	
	TTGAAGTTGGCGTGAGTTGT

	ACS
	GGTGATCGAGTTGGCTTCAT

	
	CATCAGGCGTTCTTCTTCTT

	MATE
	CTGGACGCAAAGATGGTTCT

	
	GGTTGTCTTGTCCGATGTGA

	UCP
	TGACCTTCACGCCAATGATA

	
	CCAAGTCGTTTGGTTTGCAT





Table S5. Weibull model fitting of drug release under various conditions
	Condition
	Sample
	Equation
	R2

	H2O2
	DDA@P-ROS-Lipo
	
	0.9960

	
	DDA@Lipo
	
	0.9945

	
	DDA@ROS-Lipo
	
	0.9925

	
	DDA@P-Lipo
	
	0.9798

	PBS
	DDA@P-ROS-Lipo
	
	0.9944

	
	DDA@Lipo
	
	0.9864

	
	DDA@ROS-Lipo
	
	0.9783

	
	DDA@P-Lipo
	
	0.9798




DSI (Disease Severity Index) standards:
5 points: severe disease – the plant exhibits complete disease symptoms, such as death or severe wilting.
4 points: moderate disease – the plant's growth is significantly hindered, with severe yellowing or curling of the leaves, and possible root base rotting.
2 points: mild to moderate disease – the plant shows mild to moderate symptoms, such as slight yellowing or minor leaf curling, with no severe rotting of the roots or stems.
1 point: light disease – the plant shows light symptoms of disease, with slight growth delay, mild yellowing or curling of leaves, and healthy roots and stems.
0 points: no disease – the plant is completely healthy, with robust roots and stems, and lush foliage.

























Table S6. qRT-PCR Data and Relative Gene Expression Analysis
	Gene
	Treatment
	Ct (Target)
	Ct (Actin)
	ΔCt
	ΔΔCt
	2^-ΔΔCt

	SOD
	DDA
	25.3
	20.6
	4.6333
	-3.7
	12.96

	
	
	25.1
	20.7
	
	
	

	
	
	25.4
	20.6
	
	
	

	
	CK
	28.9
	20.5
	8.3333
	
	

	
	
	28.7
	20.4
	
	
	

	
	
	28.7
	20.4
	
	
	

	APX
	DDA
	26.7
	20.3
	6.2667
	-0.6
	1.516

	
	
	26.5
	20.3
	
	
	

	
	
	26.6
	20.4
	
	
	

	
	CK
	27.4
	20.5
	6.8667
	
	

	
	
	27.5
	20.7
	
	
	

	
	
	27.5
	20.6
	
	
	

	CAT
	DDA
	24.4
	20.8
	3.8000 
	-4.1667
	17.84

	
	
	24.5
	20.6
	
	
	

	
	
	24.5
	20.6
	
	
	

	
	CK
	28.2
	20.4
	7.9667
	
	

	
	
	28.4
	20.4
	
	
	

	
	
	28.4
	20.3
	
	
	

	ACO
	DDA
	25.1
	20.3
	4.93333
	-1.7
	3.249

	
	
	25.3
	20.2
	
	
	

	
	
	25.1
	20.2
	
	
	

	
	CK
	27.1
	20.6
	6.6333
	
	

	
	
	27.2
	20.6
	
	
	

	
	
	27.2
	20.4
	
	
	

	EFE
	DDA
	25.9
	20.6
	5.2
	-2.9333
	7.64

	
	
	25.8
	20.7
	
	
	

	
	
	25.8
	20.6
	
	
	

	
	CK
	29.0 
	20.8
	8.1333
	
	

	
	
	28.7
	20.8
	
	
	

	
	
	29.0 
	20.7
	
	
	

	PR2
	DDA
	25.5
	20.5
	4.8
	-3.0667
	8.29

	
	
	25.3
	20.7
	
	
	

	
	
	25.4
	20.6
	
	
	

	
	CK
	28.5
	20.8
	7.8667
	
	

	
	
	28.6
	20.7
	
	
	

	
	
	28.7
	20.7
	
	
	

	PR3
	DDA
	25.7
	20.9
	4.7333
	-3.6667
	12.67

	
	
	25.6
	20.7
	
	
	

	
	
	25.4
	20.9
	
	
	

	
	CK
	28.8
	20.3
	8.4
	
	

	
	
	28.8
	20.4
	
	
	

	
	
	28.7
	20.4
	
	
	

	PDF
	DDA
	26.1
	20.6
	5.6
	-3.8
	13.93

	
	
	26.2
	20.7
	
	
	

	
	
	26.4
	20.6
	
	
	

	
	CK
	29.9
	20.3
	9.4
	
	

	
	
	29.7
	20.5
	
	
	

	
	
	29.8
	20.4
	
	
	

	BZIP
	DDA

	29.1
	20.7
	8.4667
	2.133
	0.23

	
	
	29.2
	20.8
	
	
	

	
	
	29.1
	20.6
	
	
	

	
	CK
	27.1
	20.5
	6.3333
	
	

	
	
	27.0
	20.4
	
	
	

	
	
	27.1
	20.4
	
	
	

	ACS
	DDA

	26.3
	20.5
	5.8
	-2.0
	4.00

	
	
	26.2
	20.5
	
	
	

	
	
	26.2
	20.6
	
	
	

	
	CK
	28.3
	20.6
	7.8
	
	

	
	
	28.4
	20.5
	
	
	

	
	
	28.2
	20.6
	
	
	

	MATE
	DDA

	25.7
	20.6
	5.1
	-1.9
	3.73

	
	
	25.8
	20.7
	
	
	

	
	
	25.7
	20.5
	
	
	

	
	CK
	27.6
	20.6
	7.0
	
	

	
	
	27.5
	20.5
	
	
	

	
	
	27.7
	20.4
	
	
	

	UCP
	DDA

	30.5
	20.7
	9.8
	1.9
	0.27

	
	
	30.4
	20.8
	
	
	

	
	
	30.5
	20.7
	
	
	

	
	CK
	28.6
	20.6
	7.9
	
	

	
	
	28.5
	20.6
	
	
	

	
	
	28.6
	20.7
	
	
	














Table S7. Top 20 differentially expressed proteins (DEPs) between CK and DDA treatments
	Accession
	Symbol
	Protein Name
	Log2FC
	P_value
	DDA
	CK

	A0A081B266
	F444_00974
	BZIP domain-containing protein
	5
	0.001492
	742.303
	0

	A0A081B4Z1
	F444_00228
	PDZ domain-containing protein
	5
	0.01165
	419.4092
	0

	A0A081A0L6
	F444_11434
	Bardet-Biedl syndrome 2 protein homolog
	5
	1.649E-5
	173.9722
	0

	A0A081ARV8
	F444_04122
	VPS9 domain-containing protein
	5
	0.01107
	135.4548
	0

	A0A080ZCN9
	F444_18069
	MATE efflux family protein
	5
	0.03667
	117.8499
	0

	A0A081AER6
	F444_07419
	Fcf2 pre-rRNA processing C-terminal domain-containing protein
	5
	0.03548
	104.8525
	0

	A0A080ZG44
	F444_17147
	Polymerase nucleotidyl transferase domain-containing protein
	5
	0.03498
	103.5209
	0

	A0A080ZFN4
	F444_17234
	Alpha-1,3-glucosyltransferase
	5
	0.004571
	100.3168
	0

	W2QG53
	PPTG_09519
	ATP-citrate synthase
	5
	0.01329
	98.2217
	0

	A0A080ZRH6
	F444_14152
	Uncharacterized protein
	5
	0.01027
	95.8176
	0

	A0A081A7B1
	F444_09572
	BTB domain-containing protein
	5
	0.0005438
	84.1751
	0

	A0A081AZK7
	F444_01779
	Peptidase M3A/M3B catalytic domain-containing protein
	5
	0.004132
	83.8993
	0

	W2FWV3
	L915_18057
	RRM domain-containing protein
	5
	0.04948
	69.031
	0

	A0A081ANL9
	F444_05020
	START domain-containing protein
	5
	0.01207
	53.4251
	0

	A0A081AX33
	F444_02536
	PPM-type phosphatase domain-containing protein
	5
	0.01559
	52.4171
	0

	V9FEV0
	F443_06357
	Aldehyde dehydrogenase domain-containing protein
	1.929
	0.003474
	41408.7096
	10874.1842

	A0A081ABW3
	F444_08230
	Uncharacterized protein
	1.6819
	0.01303
	155.1203
	48.3458

	A0A080ZVG8
	F444_12901
	LicD family protein
	1.531
	0.007343
	336.0919
	116.3037

	W2HHI3
	L915_02269
	Rab proteins geranylgeranyltransferase component
	1.5217
	0.006645
	169.4693
	59.0234

	A0A080ZUN3
	F444_13178
	Uncharacterized protein
	1.5179
	0.008162
	201.622
	70.4062
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