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Abstract: Objective To investigate the variation patterns of flavonoid compounds in Rubus chingii at different developmental stages and to
elucidate the molecular mechanisms underlying the accumulation of glycosides. Methods Targeted metabolomics based on UPLC-MS/MS and
high-throughput transcriptome sequencing (RNA sequencing, RNA-seq) were used to analyze the changes in flavonoid compound accumulation
during five developmental stages of R. chingii: S1 (little green fiuit), S2 (large green fiuit), S3 (green-to-yellow fruit), S4 (yellow-to-red fiuit), S5
(red fiuit). Functional annotation of metabolites was performed using MetaboAnalyst in conjunction with KEGG, MWDB, and other databases.
Principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA) were employed to screen differential

metabolites. An integrated analysis of metabolomics and transcriptomics was conducted. Results A total of 87 metabolites were identified across
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the five developmental stages using targeted metabolomics. Differentially accumulated metabolites were detected in the following numbers: 81
(S1), 77 (S2), 78 (S3), 76 (S4), and 77 (S5). These metabolites were mainly enriched in pathways including flavonoid biosynthesis, is oflavonoid
biosynthesis, flavone and flavonol biosynthesis, and secondary metabolite biosynthesis. High-throughput sequencing generated a total of 114.7 Gb
of clean data, with each sample producing over 6.23 M Clean reads and Qsobase percentages above 92.3%. Comparative transcriptome analysis
across developmental stages revealed differentially expressed genes: 2 354 (S1 vs S2), 1 027 (S1 vs S3), 3 370 (S1 vs S4), and 10 249 (S1 vs S5);
Conclusion This study analyzed the changes in flavonoid metabolites and transcriptome profiles of R. chingii at different developmental stages
from both metabolic and transcriptional perspectives. A total of 15 flavonoid metabolites and 95 genes involved in the flavonoid biosynthesis
pathway were annotated. Correlation analysis revealed that the expression levels of genes such as CHI, HCT, CHS, FLS, F3H, and F3’H were
significantly associated with flavonoid accumulation, indicating their regulatory roles in flavonoid biosynthesis. This is the first study to elucidate
the flavonoid biosynthesis pathway and related genes in R. chingii, providing a theoretical basis for the biotechnological production of flavonoid
compounds and offering significant value for the development of medicinal resources.
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Fig. 1 Rubus chingii at different growth stages
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X A %= AR LW A
S1vs S2 41 21 20
S1 vs S3 47 30 17
S1vs 84 58 25 33
S1vs S5 67 43 24

3.1.3  EFRAWWKIRRDN E T A
A, W 2R R AR A AT 2 (UV)
PREEH—AL, JRIERL R BAFERSGE, PR Pk
RO & EE. B 5 RERER LR, £ 5 DA
A EBUh &4 3 A PAT SRR ML, &
W AT RE i R AR 5 R Bty

W ZE S, RIS ZERRE, BdnT
R . BRI B AR,

FRES T RO B WU G 4R BoR,
TR TR N S S1 SRR i
BeE S LR BRI AR S2 th & BB JEREAR
RANARRE R S3 h & EEm: Radet. Mk
R MRBER . REEMT R S4 P BEE
IRy -3-O- S HEH . 7T L. MR
3-O-FEHERR T Mt L AE S5 P EER . K5
NTEH T R BRI 2B B o AR
YN R Ey-3-0-ZFFEH . Rt izmm.

MR bk, T AEARRARN I E S
®iko B 69 5 MAFEKK IR T K E
TAR B AR 5

quercetin 3-galactoside 2

quercetin 3-O-glucuronide

(-)-Gallocatechin gallate S1
epigallocatechin gallate

sinapaldehyde S2

T Q@
I e )
v v wv

S1-1
S1-2
S1-3
S2-1
S2-2
S2-3

vanillin 1
pelargonidin-3-glucoside S3
4-hydroxybenzoic acid sS4
epicatechin

phloretin 0 S5
procyanidin B2

procyanidin B3

(—)-epicatechin 3-O-gallate
(—)-catechin 3-O-gallate -1
procyanidin B1

astragalin

nicotiflorin
aromadendrin
4-hydroxycinnamic acid
isorhamnetin

isorhamnetin-3-O-glucoside
~ narcissin

sakuranetin

isosakuranetin

cyanidin 3-O-rutinoside chloride
prunin

trans-Piceid

gallic acid

cosmosiin

trilobatin

phlorizin

delphinidin 3-glucoside
eriodictyol

naringenin

(S) -pinocembrin
caffeic acid
protocatechuic acid
morin

quercetin

kaempferol

caftaric acid
amentoflavone

afzelin

salicylic acid
2,6-dihydroxybenzoic acid
m-coumaric acid
6-methoxyflavone
salicin
taxifolin
methyl gallate

— o

1 ' 1
) )
w0 w0

E5 ETRHEEFHAEEKFPBE FREFERRLE

Fig.5 Clustering of R. chingii samples at different growth stagesbased on metabolomics
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Fig. 7 KEGG pathway enrichment analysis of differential metabolites at different growth stages
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Fig. 8 Volcano plot of differentially expressed genes at different growth stages
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Fig. 9 KEGG enrichment pathways of differentially expressed genes at different growth stages
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Fig. 10 Correlation cluster heatmap of differential metabolites and differential genes
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Fig. 11 Classification diagram of flavonoid biosynthesis pathways enriched at different growth stages
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Fig. 12 Correlation network of differential genes (A—D) and differential metabolites (E) involved in flavonoid biosynthesis
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