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Mussaenda pubescens is a valuable source of medicinal natural products,
particularly stems and leaves, which have been used medicinally or dried as a tea
substitute. However, no research on their growth and development or their utilization
has been reported. This was the first comprehensive research aimed to investigate the
genetic relationship, metabolite profiles, flavonoid biosynthesis, and evaluation of its
protective effect from acute toxicity and antioxidant properties of M. pubescens. This
research included four experiments. Experiment 1: This experiment was conducted to
investigate the morphological characteristics and complete chloroplast (cp) genome of
M pubescens. The cp was sequenced using the Illumina NovaSeq 6000 platform.
According to the morphological characteristics of M pubescens, there is a close
relationship between M. pubescens and M. hirsutula. The cp genome of M. pubescens
spanned a total length of 155,122 bp. The results of phylogenetic analyses
demonstrated that species within the same genus displayed a tendency to group
closely together. Furthermore, M. hirsutula showed a close genetic connection to
M pubescens, with the two species having partially overlapping distributions in China.
Experiment 2: This study used ultra-performance liquid chromatography-tandem mass
spectrometry  (UPLC-MS/MS) technique to investigate substance changes and the
relationship between metabolites and antioxidant capacity in M. pubescens leaves.
The results showed that M. pubescens leaves contained 957 metabolites, the majority
of which were phenolic acids, lipids, and terpenoids. A total of 317 differentially
accumulated metabolites (DAMs) in leaves were screened. Total phenolics, flavonoids,
and anthocyanin concentrations decreased as M. pubescens leaves grew and
developed, whereas terpenoids increased significantly. Phenolics, flavonoids,
terpenoids, and anthocyanins were the primary factors influencing the antioxidant
activity of leaves. Experiment 3: This study used metabolome and transcriptome
analyses to investigate the key metabolites and genes from bud leaves, tender leaves,

and mature leaves in M pubescens. The results showed a total of 81 individual
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flavonoids in M. pubescens \eaves. The expression of flavonoid biosynthesis genes
(HCT, CHS, E5.5.1.6, and PGT1) were up-regulated. Additionally, the expression of genes
involved in flavonoid 3-monooxygenase (CYP75B1), anthocyanidin synthase (ANS),
naringenin 3-dioxygenase (F3H), bifunctional dihydroflavonol 4-reductase/flavanone 4-
reductase (DFR), and flavanone 7-O-glucoside 2"-O-beta-L-rhamnosyltransferase
(C12RT1), exhibited a highly correlative relationship with metabolites in the flavonoid
biosynthesis across the whole growth cycle of M. pubescens leaves. Experiment 4: In
this study, the fresh leaves of M. pubescens were produced into black tea (MpBT) using
traditional black tea processing procedures. Zebrafish embryos were used to study the
protective effects of CuSOs-induced oxidative damage. The results showed that MpBT
significantly improved hatching, survival rates, morphological characteristics, and
decreased malformation rates (p < 0.05). Furthermore, MpBT inhibited the generation
of reactive oxygen species (ROS), recovered the activities of antioxidant enzymes, and
increased oxidative stress-associated genes. Other than that, MpBT also prevented pro-
inflammatory cytokines and improved apoptosis-associated genes induced by CuSOq in
zebrafish embryos. This first report on the morphological characteristics, co genome,
and metabolite profiles of M. pubescens provides a reference value for the molecular
regulation mechanism of leaf color alteration and the development and utilization of

M pubescens.
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