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Abstract

Auxin response transcription factors (ARFs) form a large gene family, many of whose members operate at the final step of the auxin
signaling pathway. ARFs participate directly in many aspects of plant growth and development. Here we summarize recent advances
in understanding the roles of ARFs in regulating aspects of fleshy fruit development and ripening. ARFs play a crucial role in regulating
fruit size, color, nutrients, texture, yield, and other properties that ultimately influence the ripening and quality of important crops
such as tomato, apple, strawberry, and peach. ARFs impact these processes acting as positive, negative, or bidirectional regulators
via phytohormone-dependent or -independent mechanisms. In the phytohormone-dependent pathway, ARFs act as a central hub
linking interactions with multiple phytohormones generating diverse effects. The three domains within ARFs, namely the DNA-binding
domain, the middle region, and the carboxy-terminal dimerization domain, exhibit distinct yet overlapping functions, contributing to
a range of mechanisms mediated by ARFs. These findings not only provide a profound understanding of ARF functions, but also raise
new questions. Further exploration can lead to a more comprehensive understanding of the regulatory mechanisms of fleshy fruit

development and ripening mediated by ARFs.

Introduction

Fleshy fruits are popular worldwide and make important contri-
butions to human health and the economy. Fruit development
and ripening involve a series of complex physiological and bio-
chemical processes that determine quality, yield, and nutritional
value. Fruit development normally begins with fertilization, which
stimulates the ovary and/or other floral parts to develop into a
fleshy fruit, although fruit set and parthenocarpy can also occur
naturally, or be induced by supplying phytohormones, without
fertilization. During seed development, the fruit accumulates
stored reserves and remains unattractive to eat. At maturity, the
ripening process involves changes in color, flavor, texture, and
aroma, which contribute to formation of quality attributes and
impact attractiveness, nutritional value and storage life [1]. Hence,
the regulatory mechanisms underlying the ripening processes are
important research hotspots.

Auxin is an important phytohormone that participates
in controlling fleshy fruit development and ripening via its
signaling pathway [2]. Auxin signaling involves its direct binding
to TIR1/AFB (TRANSPORT INHIBITOR RESISTANT 1/AUXIN

SIGNALING F-BOX), which can recruit other components to form
an SCF ubiquitin protein ligase, which causes the degradation of
the inhibitory Aux/IAA (AUXIN/INDOLE-3-ACETIC ACID) protein
by the ubiquitin-proteasome system [3, 4]. Subsequently, the ARFs
(auxin response factors), previously constrained by Aux/IAA,
are released and can function in the regulation of auxin-
dependent gene expression [5]. Therefore, ARFs are regarded as
an indispensable connecting link between the auxin signaling
pathway and the various downstream response processes
triggered by auxin [6].

It is well known that ARFs play a crucial role in various
aspects of plant growth and development [7, 8], including fruit
development and ripening. These key transcription factors
usually possess three important domains, comprising a conserved
B3-type DNA binding domain (DBD) at their N-terminus, a
middle region (MR) following the DBD, and a carboxy-terminal
dimerization domain (CTD: domain III/IV, also named PB1 or
AUX/IAA) at the C-terminus [9]. The DBD domain can bind to
the auxin response element (AuxRE, TGTCTC/GAGACA) in the
promoter region of target genes to regulate their expression [10,
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amino acid sequences involved in recognition of other interact-
ing proteins? What are the functions of ARF-ARF dimerization?
Further exploration of these questions will enhance our under-
standing of the various functions and multiple regulatory mecha-
nisms of ARFs, leading to a more comprehensive understanding of
the mechanisms and regulatory networks governing fleshy fruit
development and ripening.
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