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Abstract

The female flower gives rise to the fruit/seed and thus directly affects crop yield in unisexual plants. Both ethylene and auxin

promote femaleness in cucurbits. However, how auxin regulates sex determination has been an open question over half a

century. The recent publication identified auxin response factor CsARF3 as a crucial player in auxin-promoting femaleness,

and revealed a reciprocal relationship between auxin and ethylene during female flower determination.

Unisexual flower development is one of the most significant

evolutionary landmarks in angiosperms [1]. Cucurbits have been

served as ideal models for sex determination studies, in which

unisexual flowers are produced by selective arrest of pistil or

stamen development at specific stages of floral buds [2]. Over the

past two decades, impressive progress has been made about how

ethylene regulates sex determination in cucurbits. Both ACS11
and ACS2/ACS7 encode two aminocyclopropane-1-carboxylic acid

(ACC) synthases that function as rate-limiting steps in ethylene

biosynthesis [3, 4]. ACS11 exhibits carpel-specific expression

pattern in female flowers. WIP domain protein 1 (WIP1), a C2H2

zinc-finger transcription factor, suppresses carpel development

by directly repressing the expression of the YABBY family gene

CRC [5, 6]. Ethylene biosynthesis initiated by ACS11 suppresses

WIP1 via the canonical ETHYLENE INSENSITIVE2/3/ETHYLENE-

INSENSITIVE3-LIKE 1 (EIN2/EIN3/EIL1) ethylene signaling cas-

cade, thereby establishing female developmental fate [5, 7,

8]. Concurrently, ACS2 activates the ETR1-EIN3/EIL1 ethylene

signaling module in stamen primordia, triggering a stamen-

suppressing gene Homeobox protein 40 to govern androecium

programming [7]. Moreover, the Female (F) locus conferring

gynoecy, which encodes the ACC synthase ACS1G, was identified

in cucumber by Zhang et al. [6]. The ethylene burst produced

by F locus and ACO2 bypasses ACS11 to establish the dominant

gynoecious phenotype.

As early as 1950s, auxin was proposed to promote femaleness

in cucumber, but the molecular mechanism by which auxin

regulates sex determination has remained elusive [9]. Zhang

and her team first found that the auxin response factor CsARF3
plays a key role in female flower determination (Fig. 1A). CsARF3
mutation results in producing only male flowers, whereas its

overexpression increases the proportion of female flowers.

CsARF3 promotes femaleness by directly stimulating Cucumis
sativus Shoot Meristemless expression and repressing CsWIP1

expression in cucumber. Auxin treatment failed to rescue female

flower production in the Csarf3 mutant, suggesting that CsARF3-

mediated signaling is essential for femaleness in cucumber. These

results greatly advance our understanding of how auxin regulates

sex determination in plants.

The dominate ACS1G is expressed at very early stages of floral

development to generate an ethylene burst and the gynoecy

phenotype in cucumber. Zhang and her team also showed

that CsARF3 mutation could arrest ACS1G-inducing female

flower development, indicating that CsARF3 acts genetically

downstream of CsACS1G to control carpel development in

cucumber. Moreover, ethephon application failed to induce

female flowers in Csarf3 mutants, while auxin treatment restored

female flower development in the ethylene biosynthesis mutant

Csacs11 bearing only male flowers. Thus, ethylene-mediated

female induction is dependent on auxin at the early stage.

ACS2/ACS7 is highly expressed in the carpel primordia of female

flowers rather than male flowers to inhibit stamen development.

The expression of CsACS2 was markedly reduced in Csarf3 and

elevated in CsARF3-OE lines, indicating that CsARF3-induced

signaling or carpel formation may be a prerequisite for CsACS2-

mediated ethylene biosynthesis and stamen inhibition. These

data demonstrate that ethylene and auxin exhibit a reciprocal

relationship to orchestrate sex determination [10].

Collectively, these findings uncover a novel mechanism of auxin

regulating sex determination in flowering plants and elucidate a

long-sought link between auxin and ethylene in this process, in

which ethylene promotes carpel formation through auxin at the

early stage, and then auxin boosts ethylene biosynthesis in carpel

to inhibit stamen development (Fig. 1B). This work significantly

advances our understanding of the fundamental mechanisms of

hormone-mediated sex determination in plants. Meanwhile, given

the close association between sex types and crop yield, this report

represents significant importance in plant breeding.
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Figure 1 Ethylene-promoting femaleness depends on ARF3-mediated auxin signaling pathway in cucumber; A. ARF3 is essential for ACS11-mediated

ethylene promotion of female flower development; the symbols ‘++++’ represent the dominant alleles of the ACS11, WIP1, ACS2, and ARF3 genes,

respectively; and B. auxin and ethylene reciprocally promote femaleness in cucumber.
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