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Spore formation in plants: SPOROCYTELESS and more
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Plant reproduction is initiated by 
the specification of sporocytes that 
form haploid spores through meiosis. 
A new study in Arabidopsis published 
in Cell Research shows how the prod-
uct of SPOROCYTELESS/NOZZLE, a 
key gene in this process, partners with 
co-repressors and transcription fac-
tors to promote spore formation, and 
draws interesting parallels with fungi. 

The life cycle of plants alternates 
between a diploid sporophytic genera-
tion and a haploid gametophytic genera-
tion. The transition from sporophyte to 
gametophyte requires the formation of 
haploid cells (spores) by meiosis, a pro-
cess called sporogenesis. In flowering 
plants, sporogenesis is initiated in both 
male and female reproductive tissues 
by the differentiation of sub-epidermal 
cells in the anther and ovule primordia, 
called archesporial cells (ACs), into pre-
meiotic cells called sporocytes. Both 
male sporocytes (microsporocytes) and 
female sporocytes (megasporocytes) 
will then undergo meiosis to give rise to 
the microspores and megaspores, in the 
male and female organs, respectively. 
The specification of the sporocytes 
represents a critical step in the process 
of sporogenesis. The SPOROCYTE-
LESS/NOZZLE (SPL/NZZ) gene which 
encodes a nuclear protein was identi-
fied as a key regulator of this stage of 
sporogenesis in Arabdiopsis [1, 2]. In 
spl/nzz mutants, development of both 
male and female reproductive organs 
proceeds normally until the ACs are 
formed, but the ACs fail to differentiate 
into sporocytes. Subsequently, SPL was 
found to be the target of regulation by 
the floral homeotic gene AGAMOUS 
(AG) [3]. AG is a floral organ identity 

gene required for the specification of 
stamens and carpels in the third and 
fourth whorls of the flower [4]. AG 
encodes a transcription factor of the 
MADS-box family expressed in stamen 
and carpel primordia, and is required for 
the activation of SPL expression [3]. 
In anthers, there are additionally two 
leucine-rich repeat receptor-like protein 
kinases, BARELY ANY MERISTEM1 
(BAM1) and BAM2, that act in a regula-
tory loop with SPL to promote somatic 
cell types and to restrict SPL expression 
to the inner region of the locule [5]. 

Despite the identification of SPL/
NZZ 15 years ago, and its central role 
in promoting the reproductive transi-
tion to the gametophytic generation, 
the molecular basis of gene regulation 
by SPL has remained unknown. A new 
study by Wei et al. [6] has now revealed 
the molecular mechanism by which 
SPL acts to control gene expression. 
Wei et al. show that the C-terminal end 
of SPL protein contains an EAR motif, 
which presents in many transcriptional 
repressors, and that an intact EAR motif 
is required for rescue of a spl muta-
tion. Furthermore, SPL interacts with 
co-repressors of the TPL/TPR family 
through its EAR motif. Expression of 
a mutant protein SPLmEAR (SPL with 
mutated EAR motif) results in a spl 
mutant phenotype due to competition 
with endogenous SPL. This dominant 
negative mutant genetically interacts 
with the tpl-1 mutant which is defective 
for the TPL1 gene. Moreover, in tpl-1 
homozygous mutant ovules, ACs failed 
to differentiate into megasporocytes. 
These results suggest that SPL regulates 
megasprogenesis through the recruit-
ment of the TPL1 co-repressor, forming 

a repressor complex.
Which genes might be the target of 

regulation by this repressor complex? 
By using yeast 2-hybrid screens, Wei 
et al. show that the N-terminus of SPL 
interacts with transcription factors of 
the TCP (TEOSINTE BRANCHED1/
CYCLOIDEA/PROLIFERATING CELL 
FACTOR) family [7]. Moreover, overex-
pression of SPL resulted in phenotypes 
resembling loss-of-function mutants in 
the class II TCP genes that are required 
for leaf development, suggesting that 
ectopic SPL interferes with TCP func-
tions in the leaf. Wei et al. also found 
that class II TCPs are expressed in the 
ovule, consistent with their roles in 
ovule development. Overexpression 
of these TCPs results in ovule pheno-
types similar to spl mutants, including 
suppression of AC differentiation into 
megasporocytes. Furthermore, protein-
protein interaction experiments showed 
that SPL likely serves as a bridge 
between TCPs and TPL/TPR proteins. 
In shoot meristems, the CUC (Cup 
Shaped Cotyledon) genes that promote 
meristem formation are the presumptive 
targets of class II TCPs. Class II TCPs 
in the shoot act to restrict undifferenti-
ated or meristematic cell fate through 
downregulation of CUC genes at organ 
boundaries, and thus promote organ 
differentiation [8]. The target genes of 
TCPs in ovules and anthers are yet to 
be identified, but may have a similar 
role to those in shoots in preventing 
differentiation. The findings by Wei et 
al. provide for the first time insights into 
the molecular mechanism for the initia-
tion of sporogenesis in a flowering plant 
(Figure 1). The floral homeotic gene AG 
activates SPL expression in the arche-
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sporial cells of anthers and ovules. SPL 
protein associates with class II TCPs 
and recruits TPL/TPR co-repressors to 
suppress target genes of the TCP tran-
scription factors. It can be concluded 
that SPL likely promotes sporogenesis 
by acting in concert with TCPs and TPL/
TPRs to suppress negative regulators of 
sporocyte differentiation. 

This proposed mechanism for regu-
lating sporogenesis in Arabidopsis 
shows some remarkable parallels to 
that in fungi. Similar to plants, fungi 
commonly have alternating haploid and 
diploid generations, and the formation 

similarities between yeast and Ara-
bidopsis in mechanisms governing a 
process that is as basic as reproduction 
raise the interesting question of whether 
this mechanism might be ancestral, pos-
sibly reflecting an original function of 
these co-repressors in promoting spore 
formation that has been retained in both 
the plant and fungal kingdoms. 
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of haploid spores constitutes an impor-
tant step in their reproductive strategies. 
The TPL/TPR co-repressors are part 
of the larger family of Groucho/Tup1 
co-repressor proteins (named after the 
Drosophila Groucho and yeast Tup1 
proteins) that are found in animals, 
plants and fungi [9]. It has been shown 
that the disruption of Tup1 in yeast and 
its orthologs in some fungal pathogens, 
leads to defective spore production [10]. 
Most interestingly, in yeast there is a 
protein SSN6 that serves as an adaptor 
for the suppressor activity [11], similar 
to the role of SPL in Arabidopsis. The 

Figure 1 Sporogenesis in Arabidopsis. Schematic representation, based on the results 
of Wei et al., and incorporating the previously known genetic interactions between 
genes involved in sporogenesis in Arabidopsis. Arrows indicate positive regulation, 
and black T-bars indicate negative regulation. Dotted lines show indirect interactions.
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