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Figure S1: Pearson correlation analysis of samples across different stages.
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Figure S2: The score plots of OPLS-DA pairwise comparisons of differential metabolites and corresponding
model validation. R2 X and R2 Y represent the explanatory power of the model for the X and Y matrices,
respectively, while Q2 reflects the model’s predictive ability. The closer these three indicators are to 1, the
more stable and reliable the model is. A Q2 value greater than 0.5 indicates a valid model, and a Q2 value
greater than 0.9 indicates an excellent model.
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Figure S3: Statistical classification of DAMs across multiple comparison groups.
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Quercetin
Quercetin−3−O−xyloside (Reynoutrin)
Quercetin 3−(6''−ferulylglucoside)
Quercetin 3−O−caffeyl−glucoside
Quercetin−5,4'−di−O−glucoside
3,7,4'−Tri−O−methylquercetin
7,3',4'−trimethoxyquercetin−3−O−β−L−rhamnosyl(1−>2)−β−D−glucopyranoside*
3,7,3'−Tri−O−methylquercetin−4'−O−β−D−apiofuranosyl−(1−>2)−O−β−d−glucopyranoside*
3−O−Methylquercetin−3−O−(6''−malonyl)glucoside
Quercetin−3,3'−dimethyl ether
Quercetin−3',4'−dimethyl ether*
3,7−Di−O−methylquercetin*
Quercetin 3,5−digalactoside
Quercetin−3−O−(6''−O−p−Coumaroyl)galactoside
Quercetin−3−O−(2''−O−p−Coumaroyl)galactoside
Quercetin−3−O−(6''−O−malonyl)glucosyl−5−O−glucoside
Quercetin−3−O−apiosyl(1−>2)galactoside
Quercetin 3−(6''−feruloylgalactoside)
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N6−(Delta2−Isopentenyl)−adenine
Isopentenyladenine−7−N−glucoside
8−Azaguanine
Deoxycytidine
5−Methyl−2'−deoxycytidine
Isoguanine
1−Methyladenine
10−Hydroxymethyllycaconitine
Cytidine
Adenine
N−benzyl−9−(alpha−D−glucosyl)adenine
9−Alpha−Ribofuranosyladenine*
9−Arabinosyladenine*
Hypoxanthine
2'−O−Methylcytidine*
3−Methylcytidine
Isopentenyladenine9−Glucoside
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Kaempferol 3−apiosyl−(1−>2)−alpha−L−arabinofuranoside−7−rhamnoside
Kaempferol 3−(2G−rhamnosylgentiobioside)*
Kaempferol−3−O−sophoroside−7−O−rhamnoside*
Kaempferol−3−O−neohesperidoside−7−O−glucoside*
Kaempferol 3−rhamnosyl−(1−>2)−glucosyl−(1−>6)−galactoside*
Kaempferol 3−O−glucoside*
Dihydrokaempferol
kaempferol 3−O−(2''−O−malonyl)glucoside*
kaempferol−3−O−(2−glucosylrutinoside)−7−O−glucoside
Kaempferol 3−gentiobioside−7−glucuronide
Kaempferol 3−(6''−p−coumaryl)sophoroside
Kaempferol−3−O−(6''−malonyl)glucoside*
Kaempferol−3−O−(6''−O−acetyl)glucoside
Kaempferol−7−O−glucoside*
Kaempferol 3−O−gentiobioside*
Kaempferol−3−O−neohesperidoside−7−O−(2''−feruloyl)glucoside
8−methoxykaempferol 3−O−(6''−malonyl−.−glucopyranoside)*
Kaempferol−3−O−galactoside*
kaempferol−3−O−β−glucopyranosyl (1 −> 2)−β−galactopyranoside 7−O−β−rhamnopyranoside
6−Hydroxykaempferol−3−O−rutinoside−6−O−glucoside*
Kaempferol 3−[2Gal−(6'''−feruloylglucosyl)−robinobioside]
Kaempferol 3−sophorotrioside*
kaempferol−3−feruloyldiglucoside−7−glucoside
Kaempferol−3−O−(2''−O−acetyl)glucoside*
Kaempferol−3−O−(6''−malonyl)galactoside
Kaempferol−3−O−robinobioside(Biorobin)*
Kaempferol−3−O−rutinoside*
Kaempferol 3−O−[6−(4−coumaroyl)−beta−D−glucosyl−(1−>2)−beta−D−glucosyl−(1−>2)−beta−D−glucoside]
Kaempferol−3−O−rutinoside−7−O−glucoside*
Kaempferol triglucoside
Kaempferol−3−O−Gentiobioside−7−O−Rhamnoside*
6−Hydroxykaempferol−6,7−O−diglucoside*
Kaempferol−3−O−(2''−(E)−feruloylgalactosyl−(1−>4)−glucoside)*
Kaempferol−6,8−di−C−glucoside−7−O−glucoside*
Kaempferol−3−O−sophoroside−7−O−glucoside*
Kaempferol 3−(2''−Caffeoyl−6''−feruloyl−4''−glucosyl)glucoside
Kaempferol 3−apiosyl−(1−>2)−alpha−L−rhamnoside−7−rhamnoside
kaempferol−3−caffcoyldiglucoside−7−glucoside
Kaempferol−3−O−glucorhamnoside
Kaempferol−3−O−rhamnosyl(1−>2)glucoside
kaempferol 5−O−beta−D−glucopyranoside
Kaempferol 3−O−rhamnoside−7−O−glucoside*
Kaempferol−3−O−glucoside−7−O−rhamnoside*
6−Methoxykaempferol−3−O−glucoside*
6−Methoxykaempferol 3−rhamnoside
Kaempferol 3−rutinoside−7−sophoroside
Kaempferol−3,7−O−diglucoside
6−Hydroxykaempferol−3,6−O−diglucoside*
6−Hydroxykaempferol−3,6,7−O−triglucoside
Kaempferol 3−gentiobioside−7−glucoside*
Kaempferol−3−O−galactoside−4'−O−glucoside
6−Hydroxykaempferol−7−O−glucoside*
Kaempferol−7−O−glucuronide
Kaempferol 3−(6''−(E)−feruloylglucosyl)−(1−>2)−galactoside*
Kaempferol−3−O−(6'''−Caffeoyl)glucosyl−(1−>2)−Galactoside
Kaempferol−3−O−rutinoside−7−O−rhamnoside
6,8−Dihydroxykaempferol 3−rutinoside
Kaempferol−4'−O−glucoside*
Kaempferol−3−O−neohesperidoside*
6,8−Di−C−methylkaempferol 7−methyl ether
6−C−MethylKaempferol−3−glucoside*
Kaempferol 3−(2'',6''−Di−feruloyl−4''−glucosyl)glucoside
Dihydrokaempferol−3−O−glucoside*
Dihydrokaempferol−7−O−glucoside
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Rhamnazin 3−O−β−D−glucopyranoside(Flavoyadorinin A)*
Rhamnazin 3−rutinoside*
rhamnazin−3−O−β−D−apiosyl−(1−>2)−O−β−D−glucoside
Glucosyl−rhamnazin−3−O−β−D−glucoside*
Rhamnosyl−Rhamnazin−3−O−β−D−glucoside
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isorhamnetin 3−O−(3'−O−p−coumaroyl)−glucoside
Isorhamnetin−3−O−Galactoside; Cacticin
Isorhamnetin−3−O−(2''−O−xylosyl)glucoside−7−O−glucoside
Isorhamnetin 3−gentiotrioside
Isorhamnetin 3−rhamnoside−7−sophoroside*
Isorhamnetin−3−O−rutinoside−4'−O−glucoside*
Isorhamnetin 3−O−(4''−O−glucosyl)rutinoside*
Isorhamnetin−3−O−rutinoside−7−O−glucoside*
Isorhamnetin−3−O−sophoroside*
Isorhamnetin 3−beta−laminaribioside*
Isorhamnetin−3−O−neohesperidoside*
Isorhamnetin−3−O−(6''−malonyl)glucoside−7−O−glucoside
Isorhamnetin 3−(2''−acetylglucoside)
Isorhamnetin 3−(6''−malonylglucoside)*
Isorhamnetin−3−O−(6''−malonyl)glucoside*
Isorhamnetin 3−gentiobioside−7−glucoside*
Isorhamnetin 3−rhamnosyl−(1−>2)−gentiobiosyl−(1−>6)−glucoside*
Isorhamnetin−3−O−sophoroside−7−O−rhamnoside
Isorhamnetin−3−O−rutinoside; Narcissoside; Narcissin*
Isorhamnetin 5−glucoside*
Isorhamnetin 3−O−glucoside*
Isorhamnetin−7−O−sophoroside*
Diapiosyl Isorhamnetin−3−O−rutinoside
Isorhamnetin−3−O−(6''−O−caffeoyl)glucoside
Isorhamnetin 3−glucoside−7−gentiobioside*
Isorhamnetin 3,4'−Diglucoside
Isorhamnetin−3−O−(6''−xylosyl)neohespeidoside
Isorhamnetin−3−O−(6''−acetylglucosyl)(1−>3)−glucoside
Isorhamnetin−3,7−O−diglucoside
Isorhamnetin−3−O−glucoside−7−O−rhamnoside
Isorhamnetin−3−O−(2''−O−glucosyl)galactoside−7−O−glucoside
Isorhamnetin 3−gentiotrioside−7−glucoside
Isorhamnetin−3−O−(2''−O−xylosyl)glucoside
Isorhamnetin−3−O−rutinoside−7−O−rhamnoside*
Isorhamnetin 3−Sophoroside−7−Glucoside*
Isorhamnetin−3−O−(6''−O−p−coumarol)sophoroside−7−O−rhamnoside
Isorhamnetin−7−O−glucoside (Brassicin)*
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4−O−β−D−glucopyranosylferulic acid
15(R)−Hydroxylinoleic Acid*
Ferulic acid methyl ester*
Campesterol
Cetostearic acid
2−Methylsuccinic acid*
9,16−Dihydroxypalmitic acid
Hydroperoxylinoleic acid*
ferulic acid 4−O−β−D−glucopyranoside*
2,3−bis(2−carboxyphenyl)succinic acid
Hydroxyferulic acid glucoside
2,2−Dimethylsuccinic acid
alpha−Hydroxylinoleic acid*
2−hydroxy−2−isobutylsuccinic acid
Chrysoeriol−7−O−homovanillic acid
Dihydroferulic acid glucoside*
Vanillic acid glucoside
Guaiacylglycerol 8−O−(1''−O−Glucosyl)Vanillic Acid Ether
2−Keto palmitic acid
DL−2−hydroxystearic acid*
Homovanillic acid sulfate*
Beta−Hydroxypalmitic Acid*
Dihydroferulic Acid
Isoferulic Acid*
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Figure S9: Heatmap of flavonoid glycosides, organic acids and volatile compounds, and steroids based on
Z-score normalization across five stages. (A) Quercetin, (B) steroids, (C) kaempferol, (D) rhamnazin, (E)
isorhamnetin, and (F) organic acids and volatile compounds.
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