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Life’s journey within a single kernel of maize (Zea mays) is one of 
growth and sacrifice. As the developing embryo derives nutrition 

from the neighboring nutrient-rich starchy endosperm (SE), it 
expands further into the endosperm and occupies more space 
within the kernel. The cell layer bordering the endosperm and 

embryo—dubbed the endosperm adjacent to scutellum (EAS)— 
supplies the embryo with nutrients from the endosperm (Doll 

et al. 2020). After serving its purpose, the EAS accommodates 
the expanding embryo by regularly undergoing developmental 
programmed cell death (dPCD) (Figure A). Unlike Arabidopsis, 

where dPCD is followed by the complete elimination of cellular de-
bris, maize EAS elimination is accompanied by the accumulation 
of cell wall components and remaining cytosolic components. In 

parallel, an additional round of cell death occurs in the SE, which 
is thought to be important for nutrient storage that will be useful 

later during seed germination (Doll and Nowack 2024). The dis-
tinct mechanisms and implications of these sequential cell death 
events in the maize endosperm during embryonic development 

are a big mystery. In their new work, Nicolas M. Doll and col-
leagues (Doll et al. 2025) explore the genetic regulation of EAS 
elimination and SE cell death in the maize kernel.

The authors began their investigations by comparing the pro-
gression of cell death events at the SE and EAS. Before cell death 
is initiated, the protein bodies and starch granules are packed at 
the SE. Transmission electron microscopy images show that follow-
ing SE cell death, the plasma membrane and organelles like the en-
doplasmic reticulum and mitochondria are not easily discernible, 
but protein bodies and starch granules persist at the cell corpses. 
Using a cell viability marker specifically expressed in the endosperm 
(pronac130:mCherry-NLS), the authors traced a wave of cell death ra-
diating outwards from the inner SE cells. In contrast to SE cell death, 
where structures are conserved, the dead EAS cells are completely 
eliminated. The authors explored the genetic regulation underlying 
the 2 forms of cell death by performing single-nucleus RNA-seq on 
maize endosperm. Of the dPCD-promoting transcription factors, 
kil1 and kil2 were strongly expressed at the EAS along with genes in-
volved in regulating cell death processes (Doll et al. 2025). Indeed, 
this finding is in line with kil’s known function in cell death in maize, 
including during silk senescence (Šimášková et al. 2022).

The restricted expression of kil1 and kil2 at the EAS but not in 
the SE was intriguing and prompted the authors to investigate 
the role of KIL transcription factors during cell death in the 

endosperm. To this end, transgenic lines were generated 
that expressed a dominant-negative version of KIL1 named 
kil1-SRDX, wherein a transcriptional silencing motif, SUPERMAN 
REPRESSION DOMAIN X (SRDX), was fused to the C-terminus of 
KIL1. When kil1-SRDX was expressed in both EAS and SE, kernel 
phenotype was reminiscent of the kil loss-of-function phenotypes: 
smaller embryos and larger endosperms as less of the EAS was 
eliminated (Doll et al. 2025). Interestingly, the finding that SE 
death in kil1-SRDX lines is indistinguishable from wild-type ker-
nels indicated that KIL regulates cell death at EAS but not the 
SE. Finally, to gain insights into the mechanistic basis of 
KIL-mediated EAS elimination, the authors turned their attention 
to the DOSAGE-EFFECT DEFECTIVE1 (DED1/ZmMYB73) transcrip-
tion factor. The paternally derived DED1 is not only expressed in 
the EAS, but it has also been shown to enhance the expression 
of sugar transporters and to bind to the kil1 and kil2 promoters 
(Dai et al. 2022). Transiently expressing DED1 in maize protoplasts 
caused activation of the kil1 and kil2 promoters. Collectively, these 
data suggest that paternally expressed DED1-mediated activation 
of KIL1 and KIL2 enhances the elimination of the EAS layers from 
the endosperm during embryonic growth (Figure B).

The work of Doll et al. (2025) reveals a level of complexity in 
maize cell death that extends beyond what is known from 
Arabidopsis, which has a nonpersistent endosperm, with distinct 
genetic and regulatory controls, including potential parental influ-
ence. Further dissecting and manipulating these regulatory path-
ways, particularly at the EAS, is at the heart of finetuning optimal 
embryo growth and unlocking new strategies to improve agronomic 
traits critical for crop yield and seed quality (Nagasawa et al. 2013).

Recent related articles in The Plant Cell:

• Bosch and Franklin-Tong (2024) explored the regulation of 
PCD in plant cells, with special emphasis on the roles of intra-
cellular acidification and calcium signaling in this process.

• Wu et al. (2024) investigated how the maize transcription factors 
NAKED ENDOSPERM1 (NKD1), NKD2, and OPAQUE2 (O2) inter-
act to regulate gene networks during endosperm development.

• Cheng et al. (2024) demonstrate that the maternally 
derived FERTILIZATION-INDEPENDENT ENDOSPERM1 (OsFIE1) 
modulates aleurone development and thickness in rice by de-
positing H3K27me3 marks on gibberellin biosynthesis genes.
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Figure. An overview of cell death events in the developing maize endosperm. A) Structure of developing maize kernel. B) DED1 and its targets, KIL1 and 
KIL2, regulate EAS dPCD and elimination during embryo expansion. Adapted from Doll et al. (2025), Figure 6.
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