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Introduction

The foundational elements of cellular architecture and metabolism in all living
organisms are woven from carbon building blocks, underscoring the pivotal role of
efficient carbon allocation in the survival and growth of all organisms. For
photosynthetic entities, the intricacies of maintaining carbon flux introduce additional
layers of complexity. To unravel the underlying mechanisms governing carbon storage and
transfer in plants, a thorough comprehension of carbon allocation regulation becomes
paramount. This is key in deciphering the multifaceted impact of carbon allocation on
various aspects of plant biology, such as growth, development, reproduction, defense
mechanisms, yield, biomass production, and numerous other traits (Qi et al., 2019;
Hartmann et al., 2020; O’Conner et al., 2021; Boatwright et al., 2022; Tanvir et al.,
2022a; Tanvir et al, 2022b; Wang et al., 2023). Despite significant strides in our
comprehension of plant carbon metabolism in recent decades, the regulatory
mechanisms governing carbon allocation remain elusive, primarily due to the
sophisticated nature of key components involved in carbon fluxes.

Plants harness the power of sunlight to drive photosynthesis. The resulting carbon is
then distributed among various plant organs to fulfill both structural and metabolic needs.
Primarily stored as starch and soluble sugars, this allocation ensures sustenance during
nighttime and periods of carbon scarcity (MacNeill et al., 2017; Schiestl-Aalto et al., 2019;
Kannenberg and Phillips, 2020; Tsamir-Rimon et al., 2021). Diverse mechanisms regulate
carbon allocation, encompassing transcriptional regulation of genes associated with carbon
uptake, transportation and storage, as well as factors such as nutrient availability,
homeostasis, redox status, environmental perturbation, and stress (Chaput et al., 2020;
Huang et al., 2021; Keller et al., 2021; Ouyang et al., 2021; Wei et al., 2022). The convoluted
interplay of these mechanisms with other signaling and metabolic networks constitutes a
captivating yet challenging area of study, essential for enhancing our scientific
understanding and evaluating potential biotechnological implications.
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Within this Research Topic, we underscore the importance of
fostering multidisciplinary investigations that integrate diverse
approaches across multiple pathways in carbon uptake, transport,
conversion, and utilization. Spanning from single-cell studies to on-
field research, these investigations delve into the molecular
complexity of these mechanisms, seeking to enhance our
understanding and explore practical applications. The Research
Topic comprises five original research papers that investigated
transcriptional regulation to modify soybean seed composition,
enhance sugar accumulation and transport in the leaf and stem of
sorghum, utilize single-cell models to explore an orphan gene
network related to carbon-nitrogen allocation and identify
miRNAs involved in sucrose stress response in Arabidopsis.

What have we learned from this
Research Topic?

Carbon allocation plays a pivotal role in shaping the
composition of soybean seeds, with an intricate balance that often
involves trade-offs in carbon distribution. The study by Aznar-
Moreno et al. on SUGAR-DEPENDENT1 (SDP1) provides a model
for how suppression of SDP1 can redistribute carbon from specific
undigestible carbohydrates to triacylglycerol without adversely
affecting protein content, presenting a promising avenue to
enhance the nutritional quality of soybeans.

In a separate study, McKinley et al. characterized the expression
profiles of genes associated with the myo-inositol and raffinose
family oligosaccharides (RFOs) pathways in bioenergy sorghum,
particularly focusing on sugar transport and accumulation. The
study revealed alpha-galactosidases (AGAs) exhibited significant
induction during the stem sucrose accumulation phase, suggesting a
potential role in accumulating non-structural carbohydrates (NSCs)
in sorghum stems. The research provides valuable insights into the
molecular complexity of the myo-inositol-RFO pathway in
bioenergy sorghum, highlighting its potential contributions to
stress tolerance, sugar transport, and stem sucrose accumulation.

The orphan gene QQS, a unique carbon flux regulator exclusive
to Arabidopsis, exerts influence over carbon and nitrogen allocation
when introduced into other plant species. QQS interacts with the
NEF-YC subunit of Nuclear Factor Y (Li et al., 2015). Wang et al.
utilizing genetically simpler organisms—yeast (Saccharomyces
cerevisiae) and the green alga (Chlamydomonas reinhardtii)—
systematically dissected the effects of QQS on carbon and
nitrogen allocation. Their findings suggest that QQS can alter
carbon and nitrogen allocation by interacting with NF-YC in C.
reinhardtii (lacking an NF-YA subunit), and in S. cerevisiae. This
research highlights how orphan genes like QQS can provide
alternative, rapid evolutionary forces contributing to the
emergence of novel phenotypes alongside the slower, adaptive
evolution described by Darwinian principles (Arendsee et al,
2014; Singh and Wurtele, 2020). It provides a model for
investigating the functional mechanisms of novel carbon
flux regulators.
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A global transcriptomic analysis focusing on genes involved in
sugar transport, sucrose metabolism, and other regulatory processes
governing the spatiotemporal accumulation of sugars in sorghum
stems post-decapitation was conducted by Xue et al. The objective
was to understand how alterations in the source-sink relationships
impact regulators and transporters to enhance sugar accumulation.
Downregulation of SbbHLH093 resulted in delayed reproductive
development and an extended period of sugar accumulation.
Sorghum decapitation also led to the downregulation of the Dry (D)
locus gene associated with programmed cell death (PCD), ensuring
prolonged stem development. Additionally, upregulation of sugar
transporter genes such as SOSSWEETIA in phloem companion cells
positively contributed to sugar accumulation. These findings offer
opportunities to boost sugar yield in bioenergy crops.

In a study by Azad et al, the involvement of microRNAs
(miRNAs) in response to excess sucrose was investigated, with a
specific focus on potential connections between miRNAs and reactive
oxygen species (ROS) production and anthocyanin biosynthesis
pathways, employing deep sequencing in Arabidopsis. The research
revealed that ROS signaling is intricately linked to anthocyanin
production through Pentatrico Peptide Repeat (PPR) genes.
Notably, two novel non-canonical targets affected by excess sucrose
were identified: miR408 (targeting Flavonoid 3’-Hydroxylase) and
miR398b* (targeting ORANGE). This investigation provides valuable
insights into the complex interplay among sucrose signaling, miRNA
regulation, and various plant metabolic pathways.

In summary, the articles featured in this Research Topic collectively
underscore the significance of carbon flux in plant development,
growth, and the maintenance and regulation of primary and
specialized metabolic pathways. The Research Topic emphasizes the
critical importance of understanding carbon allocation, not only for
advancing our scientific knowledge but also for driving future progress
in sustainable agriculture, crop improvement and productivity, and
biomass and bioenergy production.
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