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Abstract: Lonicera japonica is a well-known traditional medicinal plant in China, and its floral volatiles are
also used in the food, cosmetic, and horticultural industries. The artificially bred variety "Jiu Feng 2" is widely
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cultivated as a raw material for herbal teas and health products. However, its aromatic profile and underlying
biosynthetic basis remain poorly understood. Here, we performed comparative volatile metabolomic and
transcriptomic analyses of "Jiu Feng 2" and its parental variety "Da Mao Hua". Metabolomic analysis showed that
terpenoids are the predominant volatiles in both varieties, and the golden flowers are the organs with the highest
accumulation of volatile metabolites in both varieties. Comparative profiling of golden flowers identified 131
differentially accumulated metabolites (DAMs). f-Ocimene and o -farnesene were enriched in "Da Mao Hua",
whereas a-terpinene and perillene were enriched in "Jiu Feng 2". These DAMs were mainly enriched in terpenoid-
related secondary metabolic pathways, including monoterpenoid biosynthesis and sesquiterpenoid/triterpenoid
biosynthesis. Transcriptome sequencing generated 268.61 Gb of high-quality data and identified 34 281 differentially
expressed genes (DEGs). In golden flowers, DEGs were significantly enriched in pathways related to terpenoid,
aliphatic, and phenylpropanoid metabolism. Integrated analysis revealed that both DAMs and DEGs were
significantly co-enriched in terpenoid biosynthetic pathways. Quantitative real-time PCR further confirmed that
two terpene synthase (7PS) genes involved in f-ocimene and o -farnesene formation, LjTPSI5 and LjTPSI6,
showed significantly lower expression in "Jiu Feng 2", consistent with the reduced accumulation of these volatiles.
Collectively, this study reveals the major differences in aromatic compound accumulation and differentially expressed

genes between two L. japonica varieties, laying the foundation for subsequent in-depth analysis of their molecular
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mechanism and providing a theoretical basis for breeding of L. japonica.
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Table 1 Primer sequences of LjTPSs for gqRT-PCR

Primer ID Forward primer Reverse primer
LjTPS15,16-qper CTTTGAGGACGAGA AGGCATCTCTATGGC

CCCTATTG ATGATTTA
LjTPS27-qgper  CACACAGCTTGCTTC CAGCATTGATGTCCC
ACTAATC ATCTTTC
LjTPS42-qgper  AGCGGAGATCTGCC GCTCTTCAGCTTCTC
AATTAC CTGTATG
LjTPS46-qgper GCACTACATCCCGAT CCTTCCACCACCTCG
TTACCA TTATTT
LjTPS47-qgper  GCACTACATCCCGAT CCTTCCACCACCTCG
TTACCA TTATTT
Lidctin-qper  CGACTACGAGCAAG CGAACCACCACTAA
AACTTGA GCACAA
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Figure 1 Volatile metabolomic profiling and difference analysis of the L. japonica varieties "Da Mao Hua" (DMH) and "Jiu Feng 2" (JF2).

A: Six organs of L. japonica. (a) Organs of DMH; (b) Organs of JF2. B: Orthogonal partial least squares-discriminant analysis (OPLS-DA)

score plot of volatile metabolites in DMH and JF2. The X-axis and Y-axis represent the first and second components, respectively. The

circles represent the samples of DMH, and triangles represent the samples of JF2. C: Classification and distribution of the metabolites in

DMH and JF2. D: Number of differentially accumulated metabolites (DAMs) in each organ. Different colors respectively represent the up-

regulated, down-regulated and total DAMs. L: Leaf; JB: Juvenile bud; GWB: Green-white bud; SF: Silver flower; SGF: Silver-golden

flower; GF: Golden flower
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Figure 2 Screening of DAMs in flowers of DMH and JF2. A: Volcano plot of DAMs in GF of two varieties. Each point represents a

metabolite. Green and red points indicate significantly decreased and increased DAMs, respectively, whereas gray points denote metabolites

without significant differences. Point size is proportional to the VIP value. B: Kyoto encyclopedia of genes and genomes (KEGG) pathway

enrichment analysis of DAMs in GF. Point color denotes the adjusted P value, and point size reflects the number of DAMs enriched in each

pathway. C: Heatmap showing terpenoid abundance in flower tissues of the two varieties. Red represents a high abundance of DAMs, and

green represents a low abundance
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Figure 4 Characterization of DEGs between GF of DMH and JF2. A: Volcano plot of the identified DEGs. Each point represents a DEG.

Green and red points indicate significantly downregulated and upregulated DEGs, respectively, whereas gray points denote genes without

significant differences. B: Heatmap of normalized fragments per kilobase of transcript per million mapped reads (FPKM) values of DEGs.

Red represents high FPKM values of DEGs, and green represents low ones. C: Bar chart of DEGs enriched in different gene ontology (GO)

classifications. Red represents the up-regulated genes, while green represents the down-regulated genes. D: KEGG pathway enrichment

analysis of DEGs. Point color denotes the Q value, and point size reflects the number of DEGs enriched in each pathway
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Integrated volatile metabolome and transcriptome analysis of volatile organic compounds accumulation in GF of DMH and JF2.

A: Correlation-based clustering heatmap of DEGs and DAMs. The rows and columns represent genes and metabolites, respectively, and

metabolite categories are indicated by different colors. The color scale indicates the correlation coefficient between DEGs and DAMs: Red

represents positive correlation, green represents negative correlation, and yellow represents no correlation. B: KEGG pathways co-enriched

by DAMs and DEGs. Symbol color denotes the P value, and symbol size reflects the number of DEGs mapped to each pathway
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