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Abstract

The domestication of maize from teosinte involved dramatic remodeling of the ear,
yet the cellular and genetic bases of this transformation remain unclear. Here, we
generate a single-nucleus and spatia transcriptome atlas of developing maize and
teosinte ears. Comparative analysis reveals divergence in cob-associated cell types,
with enhanced cytokinin signaling and reduced growth-inhibitory signals collectively
driving cob thickening and enlargement in maize. We further demonstrate that
domestication expanded the spatial expression domain of key transcription factors in
maize meristem cells, enhancing the potential for increasing kernel number.
Additionally, we verified a major domestication gene, ZmSPD1, in which two
nonsynonymous SNPs differentiate maize from teosinte and alter jasmonic acid (JA)
levels in the ear, thereby suppressing spikelet abortion to effectively double kernel
production. These findings provide a cell-resolved mechanistic framework for how
cob architecture and kernel number were shaped during maize domestication, offering

new insights into the formation of key agronomic traits.
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I ntroduction

The domestication of crop plants through sustained cycles of cultivation and
selection by early farmers represents a pivotal transformation in human history, driving
profound changes in the diversity, morphology, and physiology of key food species.
Maize (Zea mays subsp. mays) is one of the most agriculturally important crops
globally, and represents one of the most striking morphological transformations
associated with domestication. Archaeological (1) and population genomic studies (2,
3) have established that early farmers domesticated maize in Mexico starting 9,000
years ago, and identified that at least two wild teosintes (Zea mays ssp. parviglumis and
Zea mays Ssp. mexicana) contributed to modern maize (4). Despite its relatively recent
origin, the maize ear underwent a radical transformation during domestication (5).
Teosinte ears have two rows of kernels, where each spikelet pair meristem initialy
produces two spikelets, but one of them aborts, leaving only asingle functional spikelet
at each node that produces fewer than a dozen kernels, covered by hardened glumes
that disarticulate at maturity (6). The maize ear, in contrast, has evolved into a massive
structure with at least four rows, both spikelets in a pair develop into fertile florets,
effectively doubling the kernel production per node and yielding as many as 1,000
kernels on alarge, soft cob (rachis) that prevents seed dispersal.

While population and quantitative genetic research has identified hundreds of
genes selected during the domestication of maize (7-9), these genome-wide signals of
selection contrast with classical genetic evidence indicating that a relatively small
number of loci exert disproportionate effects on the major morphological differences
between maize and teosinte, as originally demonstrated in early genetic studies (5, 10).
Reconciling these two perspectives requires both the identification of major causal loci
and a mechanistic understanding of how genes act to generate large-scale phenotypic
change. Severa loci underpinning variation in ear morphology have been identified,
including Kernel Row Number2 (KRN2) (9), and Kernel Row Number4 (KRN4) (11)
for increased kernel row number, and TGA1 (Teosinte Glume Architecturel) (12) for

exposed kernels. Nonethel ess, the genetic basis of another key trait —the lack of aborted


https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC 4.0 International license.

spikelets in maize, which results in doubling the number of kernel rows compared to
teosinte — remains poorly understood. Moreover, the cellular mechanisms through
which these genetic loci orchestrate ear architecture divergence across specific cell
types are also mostly unknown. As key agronomic traits in maize are largely governed
by transcriptional variation (13), we therefore present here a cell-type-resolved
spatiotemporal transcriptome atlas of developing maize and teosinte ears, illuminating
how transcriptional programs were reconfigured during domestication. Our atlas links
genetic variation and selection signas to cell-type-specific regulatory changes that
ultimately shaped ear morphology and transformed a modest wild grass into one of

humanity's most productive crops.

Results

Construction of single-nucleus spatiotemporal transcriptome atlas of maize and
teosinte ears

To understand the genetic and molecular mechanisms underpinning the
morphological divergence between maize and teosinte ears, we sampled a series of
mai ze ear primordia at stages where key developmental decisions are made (2 mm, 4
mm and 6 mm) (Fig. 1, A and B). For teosinte, we pooled samples across the 1-3 mm
range to comprehensively capture the critical period of spikelet pair meristem
paterning (Fig. 1C). We performed single-nucleus transcriptome sequencing
(snRNA-seq) and retained 104,284 maize and 29,185 teosinte high-quality nuclei for
downstream analyses (see Methods; detailed in table S1). Maize cell types were
annotated using STRIDE (14) based on a published maize spatial transcriptome atlas
(fig. S1, table S2) (15), successfully identifying most cell populations including the
inflorescence meristem, meristem epidermis and vasculature. These annotations were
also further validated using established marker genes (fig. S2 and S3, table S3).

To facilitate annotation of teosinte snRNA-seq data, we generated a
high-resolution spatial transcriptomic atlas of 1.5 mm teosinte ears (within the
sampling window for snRNA-seq), retaining more than 7,400 high-quality bin50s

(spatial transcriptome data units, details see Methods) across 3 sections, with an
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average of 23,322 expressed genes per section (table $4). Next, bin50s from adjacent
sections were integrated and subjected to unsupervised clustering following imputation
(see Methods). Uniform Manifold Approximation and Projection (UMAP)
visualization revealed seven distinct clusters with clear spatial patterns (Fig. 1D and fig.
$4), corresponding to spikelet meristems, inflorescence meristem and pith, displaying a
gpatial organization closely resembling that of maize. Comparison of the spatialy
annotated maize and teosinte transcriptomes revealed that cell populations occupying
analogous spatia domains had greater transcriptomic similarity between the two
species (fig. S5 and table S5). We then projected the teosinte sShRNA-seq data onto its
spatial atlas, assigning seven corresponding cell types (Fig. 1E and F). To further
validate the teosinte cell type annotations, we performed in situ hybridization for
selected marker genes, confirming both the spatial localization and identities of the
annotated teosinte cell types (fig. S6 and table S6). Together, these results demonstrate
that both key cell type identity and spatial organization are largely conserved between
maize and teosinte ears, indicating that their morphological divergence occurs within a
shared cellular framework.

We then independently integrated snRNA -seq data from mai ze and teosinte across
maize developmental stages. This strategy ensured that transcriptional similarities and
differences were assessed separately for each maize developmental stage, thereby
maximizing the resolution to capture stage-specific divergence between maize and
teosinte. Our analysis revealed strong conservation for many spikelet-associated cell
types, such as meristem epidermis, meristem internal and inflorescence meristem cells
(Fig. 1G). In contrast, cob-associated cell types (pith rib, pith center and vasculature)
showed only partial similarity between teosinte and maize (Fig. 1G and fig. S7),
suggesting that divergence in cob-associated developmental programs underlies the
dramatic differences between slender, reduced teosinte cobs and the enlarged,

thickened maize cobs.
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Fig. 1. Single-nucleus and spatial transcriptomic atlases of maize and teosinte ear
development. (A) Representative morphology of maize ears at three developmental
stages: early (2 mm), mid (4 mm), and late (6 mm). (B) Cell clusters of maize ear
visualized by an integrated UMAP plot from three devel opmental stages. Inflorescence
meristem (IM); Meristem base (MB); Meristem internal (MI); Meristem tip epidermis
(MTE); Meristem periphery epidermis (MPE); Meristem epidermis (ME). (C)
Teosinte ear at 1-3 mm, highlighting the critical window for IM structure and
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pedicellate spikelet abortion. (D) Spatial distribution of cell types across three teosinte
ear sections. Scale bar = 0.1mm (E) Seven cell clusters of teosinte ear visuaized by an
integrated UMAP plot in two replicates. (F) MetaNeighbor analysis identifying
corresponding cell types between teosinte snRNA-seq and spatial transcriptomic
datasets. Labels indicate cell types with highest similarity (AUROC > 0.7). (G)
Cross-species integration of maize and teosinte transcriptomes. Integrated UMAP
showing the combined distribution of nuclei from both species, colored by cluster
identity. UMAP of maize nuclei (subsetted from the integrated data), with cell types
annotated and colored according to the reference in panel (B). UMAP of teosinte
nuclei (subsetted from the integrated data), with cell types annotated and colored
according to the reference in panel (E).

Temporal and cellular regulatory divergence reshaped ear morphology between
maize and teosinte

To delineate transcriptional changes underlying cob evolution, we compared
cob-associated cell types (pith rib/center and vasculature) from maize and teosinte ears
(fig. SBA). Differentially expressed genes (DEGs) in these cell types were then
identified based on >2-fold changes in expression range (the proportion of cells
expressing the genein that cluster) or average expression levels per cell (fig. S8B and
table S7). In each stage-specific comparison (2 mm, 4 mm, and 6 mm maize versus
teosinte, respectively), DEGs showed distinct functional enrichments. DEGs with
expanded expression range in maize pith cells were enriched in cytokinin signaling
pathways at the 2 mm and 4 mm stages, whereas those at the 6 mm stage were mainly
associated with growth- and development-related processes (Fig. 2A and fig. S8C). In
contrast, teosinte pith cells show alimited cytokinin expression range (lessthan half the
range in maize; fig. S9), suggesting reduced proliferative activity in teosinte cobs.
Although most cytokinin-associated genes showed no signs of selection (9), several
domestication-related transcription factors (TFs), such as TSH4 (Tassel Sheath4) (16),
UB2 (Unbranched?2) (17), and UB3 (Unbranched3) (18), showed increased expression
range in maize pith cells (fig. S9A and B). These TFs might indirectly influence cob
expansion processes, as evidenced by the role of UB3 in regulating cytokinin levels
(19). Our DEG comparison also identified bb2 (big brother 2), a negative regulator of
organ growth and size (20) located in a cob-diameter QTL (21) that shows evidence
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of selection (9) and expression changes. Our snRNA-seq data revealed that bb2 was
broadly expressed in teosinte pith cells (more than double the range in maize) (fig.
SOD and table S7). To further explore regulatory interactions, we constructed a
co-expression network centered on bb2 in teosinte pith cells, which identified CNR6
(Cell Number Regulator 6) as a strong co-expression partner (Fig. 2B). Similar to bb2,
CNR6 also showed broader expression in teosinte pith cells than in maize (fig. SOE).
The CNR gene family negatively regulates cell number and organ size in maize (22),
suggesting that CNR6 may function together with bb2 to constrain cob growth in
teosinte. Taken together, these findings indicate that maize cob enlargement occurred
through at least two complementary mechanisms: upregulating cytokinin-related
genes to drive cell proliferation, and downregulating growth repressors such as bb2
and CNR6 to relieve constraints on cell proliferation and release organ growth
potential.

Cob expansion and thickening underpin the increase in kernel number in maize,
which is primarily determined by kernel row number and ear length. The
developmental potential of ear length is strongly influenced by inflorescence meristem
(IM) activity (23). We therefore independently extracted and compared IM cell
clusters from our maize and teosinte sSnRNA-segq. Compared with the teosinte IMs,
maize IMs had a greater number of highly expressed genes associated with chromatin
modifications, G1/S cell-cycle regulation, and ribosome biogenesis (fig. S10),
suggesting enhanced transcriptional activity and amore active proliferative state during
maize IM development. Using Hotspot (24), we further identified maize and
teosinte-specific gene modules, (Fig. 2C, D and fig. S11). The maize-specific module
was dsignificantly enriched for cell division-related GO terms, whereas the
teosinte-specific module showed enrichment for stress-responsive pathways (Fig. 2E
and fig. S11), suggesting an earlier transition of teosinte IMs away from an active
proliferative state, resulting in reduced ear length. Although their rolesin IM have not
been experimentally validated, we identified other transcription factors such as
ABI3-VP1-transcription factor 46 (ABI46) and C3H-transcription factor 351 (C3H51)

in the maize module, which show both expanded expression range across
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developmental stages (Fig. 2D) and were selected during domestication (9).

Next, to investigate the regulatory basis underlying spikelet formation and kernel
row number divergence, we compared teosinte and maize spikelet meristem cell types
across three developmental stages. Although overall clustering revealed conserved
spikelet meristem cell identities (Fig. 2F), the spatial and temporal expression patterns
of key domestication regulators were extensively rewired during maize domestication.
At 2 mm, TB1 (Teosinte Branchedl) (25) was more broadly expressed in the maize
meristem tip epidermis (MTE) (Fig. 2G), consistent with the developmental
suppression of lateral organs, such as lower florets and bracts by expanded TB1
expression in maize ears suppresses lateral organs development (26, 27). At 4 mm,
multiple domestication regulators involved in inflorescence architecture, including
ZFL2 (28), TSH4, UB2, and UB3 (29), had expanded expression domainsin the maize
meristem periphery epidermis (MPE) compared with teosinte (Fig. 2G). This
enhanced expression likely reinforces meristem boundary formation, contributing to
the establishment of the multi-rowed spikelet arrangements characteristic of maize. At
6 mm, RA1 (Ramosal) (30, 31) was expressed more broadly in the maize meristem
base (MB) relative to teosinte (Fig. 2G). This expression divergence is consistent with
the role of RAl in promoting spikelet pair meristem determinacy, ensuring
differentiation into paired spikelets that produce kernels rather than continued
branching. Conversely, TU1 (Tunicatel) (32) maintained broader expression in
teosinte meristem epidermis (ME) than in maize (Fig. 2G), consistent with its
ancestral role in promoting teosinte glume development. Furthermore, using Hotspot,
we found that the gene modules containing these key domestication TFs had
pronounced spatiotemporal specificity within critical meristem cell types. For
example, the gene modules including TB1, ZFL2, TSH4, UB2, UB3, and RAl
displayed highly spatiotemporal and cell type specific expression patterns (Fig. 2H
and fig. S12A). More than 90% of genes in these spatiotemporally specific gene
modules showed no evidence of selection (fig. S12B), but divergence in the expression
range encompassed entire gene modules (Fig. 21), suggesting that selection acting on a

limited number of upstream regulators propagated through downstream gene networks
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to generate widespread transcriptomic reprogramming. Collectively, we propose that
changes in the spatiotemporal expression domains of key domestication TFs drove the
rewiring of their regulatory networks, which in turn altered meristem cell proliferation

and fate, thereby shaping kernel row number differences between maize and teosinte.
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Fig. 2. Comparative single-nucleus transcriptomic analysis of meristem cel
populations in maize and teosinte ears. (A) Bar graph showing GO enrichment of
highly expressed genes in 2mm maize pith cells. (B) Gene co-expression network
constructed containing bb2 and CNR6. Node size represents the degree of
connectivity, The shade of the line color represents the weight of the edge between
two nodes. (C) UMAP visualization and clustering of IM cells in maize and teosinte.
(D) Hotspot analysis and identification of gene modules within isolated IM cells. Each
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module highlighted by a distinct color bar, on the basis of pairwise local correlation.
(E) GO enrichment analysis of the maize-specific and teosinte-specific IM gene
module. (F) UMAP visualization and clustering of spikelet meristem cell types in
mai ze and teosinte. Sketches of longitudinal section of a spikelet meristem are based on
(33). (G) Comparative %expressed (the proportion of cells expressing the genein that
cluster), and average levels of key domestication TFs across spikelet meristem cell
subgroups show in Fig. 2F, and developmental stages. The black box indicates the cell
cluster showing the most significant difference in gene expression between maize and
teosinte. The four dots corresponding to each cluster represent the expression levels of
the gene in the 2mm, 4mm, 6mm B73, and teosinte ear within that cluster; the color
intensity of the dots indicates the gene average expression level, while the dot size
indicates the gene %expressed in the cluster. (H) Spatiotemporal visualization of gene
modulesincluding key TFsin specific cell types and devel opment stages. Gene module
with higher hotspot scores indicate stronger co-expression patterns. (I) %Expressed
(Expression range) are shown for all genes within the whole gene module across
specific cell types and developmenta stages: 2 mm B73 ear (2 mm), 4 mm B73 ear (4
mm), 6 mm B73 ear (6 mm), and teosinte ear (Teo).

ZmSPD1 controls halving kernel rowsin teosinte
The teosinte ear inflorescence produces a spikelet pair meristem (SPM) that

divides a sessile spikelet (SS) adaxially and a pedicellate spikelet (PS) abaxialy at
each node (6). PS development is halted early, so only the SS flowers, thereby halving
the number of kernel rows (6). The phenotypic transition from semi-fertile spikelets
of teosinte to fully fertile spikelets of maize constitutes a key step during
domestication. Our snRNA-seq analyses have revealed that changes in spatiotemporal
expression of multiple domestication genes across distinct meristem cell types drove
ear morphological divergence. Nevertheless, the core domestication gene responsible
for this process remains unclarified. To complement our snRNA-seq data and more
closely investigate this trait, we previously employed a classical fine-mapping
approach in a maize-teosinte BC,F; near-isogenic line (NIL) population (Fig. 3A)
(34), and mapped a major QTL to a ~300 kb locus on chromosomel named Terl
(Teosinte ear rankl) (34).

To determine if Terl influences femae spikelet development, we examined
developing ears of Terl-NIL™ ™ and Ter1-NILM@* using scanning electron

L Maize

microscopy. In Terl-NI , each SPM produces two unequally sized spikelet
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meristems but eventually forms morphologically similar SS (Fig. 3B). Conversely, in
Ter1-NIL™S™ each SPM produces one SS, while the other develops into a
teosinte-like PS with a stalk-like structure at its base (Fig. 3C). The SS of
Ter1-NIL™S™ develops a female floret with an ovule and silk, and stamens are
arrested (Fig. 3, D and E). However, the floret meristem failsto produce afertile female
floret in the PS of Ter1-NIL™S™ (Fig. 3, D and E). It either forms stamen primordia
with halted pistil development or aborts early (Fig. 3, D and E). This leads to half as

many fertile florets and fewer kernel rows on the developing ear of Ter1-NIL™s™e,

The QTL region includes two annotated genes, a RING-type E3 ligase
(Zm00001eb054460), and a putative membrane transporter (Zm00001eb054470), and
excludes the well-known domestication gene TB1, located approximately 2.5 kb away.
Because TB1 plays an important role as a transcriptional regulator of several other
domestication genes (27), we evaluated the expression of TB1 and both candidate genes
across recombinant NILs. Our results indicate that TB1 expression changes correlated
with haplotype differencesin maize and teosinte at its known enhancer locus (35), but
not with haplotype differences at the Ter1 locus. Neither of the two candidate genes
had significant expression differences across NILs (Fig.3, F and G), consistent with
our maize and teosinte sSnRNA-seq analysis (table S8 and S9). Combined, these results
suggest that maize and teosinte differences at Terl are not regulatory and are
independent of TBL.

Subsequent sequence aignment revealed no amino acid changes in
Zm00001eb054460 between maize and teosinte, whereas Zm00001eb054470 carried
two nonsynonymous SNPs resulting in two amino acid changes (Fig. 3H) (30).
Resequencing data further showed that both nonsynonymous variants occurred at
significantly higher frequencies in maize than in teosinte (34), and XP-EHH analysis
detected strong evidence of selection spanning the gene (fig. S13) [XP-EHH
(chr1:272,634,050..272,638,050) = 21.35; Zm00001eb054470
(chrl:272632427..272638723); (selection threshold=3.68)]. We also identified several

rare teosinte accessions from wild populations that have double rows of SS, and
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sequencing analysis revealed that all of these plants carried the maize haplotype of the
Zm00001eb054470 gene (Fig. 31 and fig. Sl14). We therefore propose
Zm00001eb054470 as the key candidate gene controlling PS abortion, and refer to this
gene hereafter as ZmSPD1 (Spikelet Domestication 1).

To functionally validate ZmSPD1 as the causal locus controlling PS abortion, we
expressed the teosinte alele of ZmSPD1 in the maize inbred KN5585 using the native
teosinte promoter (ZmSPD1™™®"). Consistent with our interpretation that ZmSPD1
is the causal gene, transgenic lines (fig. S15) had distinctive single-row phenotype at
the tip of both immature and mature ears (Fig.3, J and K). Scanning electron
microscopy also revealed that ZmSPD1™™®* plants had aborted PS and a stalk-like
structure at the base of the meristem, similar to that observed in Ter1-NIL ™™ (Fig.3,
L to N). This developmental defect led to irregular kernel row organization and a
higher percentage of pedicellate spikelet abortion, accompanied by ~30% reduction in
kernel number per ear relative to non-transgenic line (NT) controls (Fig. 30),

demonstrating that ZmSPD1 is akey domestication gene controlling PS abortion.
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Fig. 3ZmSPD1 controls paired spikelet abortion and underwent selection during
maize domestication. (A) Ter1-NIL™ ™ shows a kernel row number half that of
Ter1-NILM¥#, (B) Scanning electron micrographs of ~5 mm developing ears of
Ter1-NIL™™ and Ter1-NIL3? sibling showed no difference at IM, SPM and the
early stage of SM, scale bar = 1mm. (C) Close-up scanning electron micrographs of FM
of Ter1-NIL ™" and its normal sibling (left) with glume removed, scale bar = 100 pum.
(D-E) Close-up scanning electron micrographs of FM with glume removed in
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Ter1-NIL ™5™ the yellow dashed box indicates the stalk-like structure on the base of
the meristem, scale bar = 100 um. (F) These NILs was employed to exclude the
regulatory effect of TB1. Dashed lines indicate the QTL intervals. (G) Relative
expression levels of genes in the R1, R2, and R3 haplotypes from (F) in the 300 kb
region. (H) Genomic sequence variation of the candidate genes (30). () Top, Teosinte
with double rows of SS; the yellow dashed box indicates pairs of SS; scale bar = 1cm;
Bottom, Detail of single (left) and paired SS of teosinte. Scale bar = 0.5cm. (J-K)
Spikelet abortion phenotype in the immature (J) and mature ears (K) from NT

(non-transgenic line) and ZmSPD1™™" |ines, Scale bar = 2cm. (L-N) Close-up

scanning electron micrographs of FM with glume removed in ZmSPD1™™*  the

yellow dashed box indicates the stalk-like structure on the base of the meristem. Scale
bar = 100 um. (O) Comparison of percentage of pedicellate spikelet abortion and
kernel number per ear of NT and ZmSPD1™®™" |ines.

SnRNA-seq analysis of Ter1-NIL ™ and Ter1-NIL " ear
To investigate the molecular mechanism by which ZmSPD1 causes spikelet

LTeosi nte and

abortion in teosinte, we performed snRNA-seq on ear tissue from Ter1-NI
Ter1-NILM@# plants. UMAP clustering of more than 25,000 nuclei across three
biological replicates of each genotype (table S10) was conducted, with cell types
annotated as described above (Fig. 4A, fig. S16 and table S11). Spatial patterns of
marker gene expression revealed that corresponding cell types exhibited similar
distributions between the two genotypes (fig. S17), and comparative analysis of
cellular composition revealed nearly identical proportions of major cell types (fig.
S18A). ZmSPD1 had comparable expression range and mean expression levels in both
genotypes (fig. S18B), consistent with our quantitative RT-PCR results (Fig. 3G).
These results further suggest that amino acid changes, rather than expression changes,
in ZMmSPD1 are causative of kernel row number domesti cation.

We next aimed to assess the downstream effects of Terl by identifying DEGs
specificaly in spikelet meristem cells (clusters 0, 1, 2, and 4) that express ZmSPD1.
Thisanalysisidentified a group of jasmonic acid (JA) signaling genes (five genes) with
more than 2-fold expanded expression range in Ter1-NIL ™™ spikelet meristem cells
(Fig. 4B and table S12). To determine whether this JA signaling transcriptional
signature reflected a broader hormonal divergence, we compared the expression of

phytohormone genes between maize and teosinte spikelet meristem cells (Fig. 2F).
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Among all hormone genes showing differential expression, only JA signaling genes
were upregulated in teosinte, with more JA signaling genes showing higher
expression (higher average expression level or expression range) in teosinte than in
maize (Fig. 4C).

We next confirmed the expression pattern of ZmSPD1 by in situ hybridization
and found expression in the meristem tip and vasculature (Fig. 4D and fig. S19). Key
enzymes in JA synthesis, such as Tassel Seedl (TSL1) and Tassel Seed? (TS2), are
mainly expressed in the meristem base and vasculature (Fig. 4D and fig. S19) (36),
suggesting that JA may be synthesized in these domains rather than in the meristem
tip. Given the expansion in expression of JA signaling genes in the spikelet meristem
region (Fig. 4B), and the prediction that ZmSPD1 is a membrane transporter, we
hypothesized that ZmSPD1 may transport JA from the meristem base and vascular
tissues to the meristem tip, thereby influencing kernel row number through
JA-mediated pathways.

To verify this, we first quantified phytohormone levels in both NILs and found
significantly higher JA levelsin Ter1-NIL ™™ than in Ter1-NIL"@* ears (Fig. 4E and
fig. S20). We next expressed the teosinte and maize haplotypes of ZmSPD1 in yeast
and tested whether ZmSPD1 could transport JA based on previous findings that
exogenous JA inhibited yeast cell growth (37). Among these yeast transformants,
ZmSPD1™™® protein exhibited enhanced tolerance to exogenous JA, suggesting its
stronger JA export capecity than the ZmSPD1M@? protein (Fig. 4F). Moreover,
introducing the two teosinte-specific nonsynonymous substitutions into the
ZmSPD1MA% protein (ZmSPD1%%%R R215€Y glsp increased JA tolerance in yeast (Fig.
4F). AlphaFold3 (38) predictions further revealed striking conformational divergence
among the ZmSPD1M¥% ZmSPD1™™ and ZmSPD1%R F1K (fig, S21). Those

Teosinte
1

results suggest that the nonsynonymous substitutions in the ZmSPD protein
enhance its JA transport activity, contributing to elevated JA accumulation in
Ter1-NIL™5™ ears.

Next, to determine how elevated JA affects downstream gene expression, we

treated normally developing KN5585 immature ears with exogenous JA and performed
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bulk RNA-seq. We identified 3226 JA-responsive genes (Jlog2FoldChange] > 2 and
padj < 0.01; table S13). Separately, anaysis of SnRNA-seq data to identify DEGs
between Terl-NIL™™ and Ter1-NILV¥* as well as between maize and teosinte,
yielded 1,911 genes more highly expressed in Ter1-NILM¥*/maize, and 462 genes
more highly expressed in Ter 1-NIL ™ ™/teosinte spikelet meristem cells (Fig. 4G).
Among the DEG and JA-responsive genes, ZMEREB83, an ethylene-responsive
element binding TF, had notable changesin expression. The crosstalk between ethylene
and jasmonic acid signaling has been implicated in the regulation of spikelet
development in maize (39). The expression level of ZMEREB83 was altered following

Maize and maize,

exogenous JA treatment and was consistently higher in both Ter1-NIL
than in Ter 1-NIL ™™ and teosinte spikelet meristem cells (Fig. 4G). A close homolog,
ZmEREB147, was expressed similarly, athough with a smaller magnitude of
differential expression (Expression rangein Terd-NILY2%: Ter1-NIL™™ = 1.7). We
therefore generated Zmereb83/147 double mutant lines by CRISPR-Cas9
(CR-Zmereb83/147, fig. S22), and observed a PS degeneration phenotype and ~33%
reduction in kernel number per ear (Fig.4, H and 1), indicating that ZmEREB83/147
participates in regulating spikelet abortion processes.

Taken together, our findings establish aregulatory pathway underlying ZmSPD1.
Structural variation in ZmSPD1 enhances JA transport activity, resulting in elevated JA
levels in the teosinte spikelet meristem. Through a mechanism likely mediated by
JA—ethylene crosstalk, the increased JA subsequently aters the expression of
downstream target genes, including ZmMEREB83 and ZmEREB147 (downregulation).

Thisultimately leadsto abortion of one spikelet in each pair in teosinte, and an effective

doubling of kernel number in maize.
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Fig. 4. Molecular and biochemical characterization of ZmSPD1 mediated
regulation of ear development. (A) UMAP visualization and clustering of
sNRNA-seq from Ter1-NIL ™™ and Ter1-NILM¥* ear. (B) DEGs identified between
Ter1-NIL™™ and Ter1-NILM3%. (C) Number of hormone-related genes showing
significant differencesin expression range or average expression level between maize
and teosintespikelet meristem cell types. Bars within each group represent number of
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highly expressed (higher average expression level or expression range) genes (HEG)
in maize spikelet meristem cell types (HEG in 2/4/6 mm B73 ear) and HEG in
teosinte spikelet meristem cell types (HEG in teosinte ear compared with 2/4/6 mm
B73 ear). (D) Stereo-seq expression pattern of maize 6mm ear, and the arrow refers to
the gene expressed region that matches the in situ result. Scale bar = 0.5mm. (E)
Quantification of JA levels: jasmonic acid (JA) and jasmonic acid-isoleucine (JA-ILE)
in ear tissues of Ter1-NIL ™™ and Ter1-NILM@? error barsindicate SD (n = 3). Aterisks
indicate significant differences (Student's t-test: *P < 0.05). (F) Jasmonic acid transport
activity of maize and teosinte ZmSPD1 alleles in a yeast heterologous system. Y east
cells expressing AtJAT1, ZmSPD1™™ and ZmSPD1Y** were diluted (OD = 1.0, 0.1,
0.01, and 0.001) and grown on SD-URA plates supplemented with 6 mM exogenous JA
for 3 days. Yeast cells with an empty vector and expressing Zm00001eb054460
(054460) were used as the control. (G) Top: HEG in both Ter1-NIL"¥* and maize
(B73) ear spikelet meristem cell types, and responsive to JA treatment. Bottom: HEG
in both Ter 1-NIL ™™ and teosinte ear spikelet meristem cell types, and responsive to
JA treatment. (H) Spikelet abortion phenotype in the mature and immature ears from
NT (non-transgenic line) and CR-Zmereb83/147 lines. Scale bar = 2cm. (1)
Comparison of the percentage of pedicellate spikelet abortion and kernel number per
ear of NT and CR-Zmereb83/147 lines.

Discussion

The transition from the small, two-rowed ear of teosinte to the modern maize ear
represents a classic example of rapid adaptive morphological evolution. Crosses
between maize and teosinte have uncovered a number of genes with variants that
contribute to this transition (40, 41), but we have lacked a holistic comparison of the
genetic differences between maize and teosinte ears. Here, we use spatia and
single-nucleus transcriptomics to characterize cell composition and gene expression
changes underlying this transition. Perhaps surprisingly, we show that the radical shift
in gross ear morphology largely made use of existing cell types, accompanied by
extensive rewiring of gene expression and regulatory networks. This observation
potentially links cob morphology evolution to the well-characterized TSH4-UB2-UB3
regulatory network. The TSH4-UB2-UB3 module regulates maize inflorescence
architecture by controlling meristem fate specification (29), with UB3 additionally
modulating cytokinin homeostasis and signaling (19). Our findings raise the possibility
that this regulatory module may have broader roles beyond spikelet patterning,

potentially contributing to cob thickening during maize ear evolution through
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cytokinin-mediated cell proliferation. We also observed downregulation of two
negative regulators of organ growth, bb2 and CRNG, in maize pith cells. Although
previous studies have implicated their roles in controlling organ size through
regulation of cell number (20) (22), their relationship with cytokinin signaling
remains unclear. Our data suggest a potential indirect antagonistic relationship
between bb2/CRN6-mediated growth restriction and cytokinin-driven proliferative
activity, which requires further investigation. Collectively, these observations suggest
that maize enlarged its cob through multiple, complementary transcriptional strategies,
both promoting cell proliferation and releasing latent growth potential.

Despite these cob-specific changes, spikelet meristem cell types were largely
conserved between maize and teosinte. Nonetheless, the expression patterns of certain
key genes have shifted. Early in development (2 mm ear primordia), numerous genes
associated with cell division are upregulated in maize IM cells, accompanied by
enhanced proliferative capacity that could generate a larger pool of developmentally
competent cells. At later stages (4 mm and 6mm ears), changes in regulatory networks
centered on key domestication genes such as ZFL2, TSH4, UB2, UB3, and RAl are
observed, which are deployed across a broader spatial and temporal range in maize,
recruiting meristem epidermis periphery and meristem base cells into specific
developmental programs. Our observations suggest that selection acted primarily by
expanding the expression domains of alimited number of key regulatory geneswithin a
small subset of meristematic cell types, reshaping cellular composition (fig. S23) and
thereby coordinately influencing both cob and spikelet development. Cruciadly, this
mechanism depends on changes in expression domain rather than substantial changes
in per-nucleus average expression levels. sSnRNA-seq, unlike standard bulk RNA-seq,
is able to distinguish altered spatial deployment of gene expression across cell types
and developmental stages from uniform changes in transcriptional output within
individual cells.

Additiona insight into maize evolution came from fine-mapping of a novel
domestication gene ZmSPD1. We identified two amino acid substitutions as the key

suppressor of spikelet abortion and a doubling of kernel row number during
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domestication. Treatment with JA (Fig. 4G) and knockout experiments (Fig. 4H and )
confirmed that these substitutions are responsible for changesin downstream regulation
of JA-responsive genes, such as ZMEREB83 and ZmEREB147. Given the complexity
of the JA signaling network, additional ZmSPD1-mediated regulation of downstream
components may await identification, thereby deepening understanding of how
biotic/abiotic stress-related phytohormones are crucia for inflorescence development,
domestication, and plant adaptation.

Together, our results help resolve a deeper model of how selection acted during
mai ze domestication. First, our results highlight how domesti cation largely made use of
existing variation. Our spatial and single-nucleus transcriptomic data reveal that the
maize ear, especialy the spikelet, has conserved cell types already present in teosinte,
with differences confined to the amount and timing of cell proliferation. Like other
domestication genes (42), the maize haplotype of ZmSPD1 already existed as standing
variation in teosinte. These results reinforce the utility and importance of wild
populations as valuable reservoirs of genetic diversity (2, 43-45). Our data also help
resolve apparent conflicts between early results from QTL mapping that showed a
small number of loci responsible for domestication (46, 47) and population genetics
work suggesting that domestication was highly polygenic (7, 48). Our transcriptomic
datafound akey role in early development for arelatively small number of large-effect
regulatory loci with clear evidence of selection, each of them driving widespread
transcriptional programs. In addition, our genetic analysis of spikelet abortion is
consistent with other domestication traits (5, 49) in showing contributions from a
number of loci beyond the largest effect QTL (40, 41, 50) and highlighting the effect of
genetic background (49) (table S14). Combined, these data suggest that maize
domestication targeted polygenic traits for which teosinte harbored substantial genetic
variation (51). Consistent with simulations of large optimum shifts for polygenic traits
(52), selection focused on large-effect loci, here genesthat allowed large scale rewiring

of downstream regulatory networks.
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Materials and Methods
Plant Growth Conditions

Maize B73 inbred plants and teosinte (Zea mays ssp. parviglumis) were grown
either inthefield (April-July) at Huazhong Agricultural University (Wuhan and Sanya)
or in a greenhouse under controlled conditions (12 h light/12 h dark, 26-28°C day,
22-24°C night). Developing ears (~2 mm, 4 mm, and 6 mm) were collected at the 6, 8,
and 11 leaf stages. The maize mutant transgenic lines were generated in the KN5585
background using Agrobacterium-mediated transformation. Mutations and transgene

insertions were confirmed by PCR with primers listed in table S15.

Tissuefixation

Developing teosinte ears (1- 3 mm) were collected and immediately fixed in a4%
formalin-acetic acid-alcohol (PFA) solution for 2 minutes. The tissues were then
treated with 2% sucrose solution (1xPBS buffer, pH=7.4, 2% sucrose, v/m) and
vacuumed on ice for 15 minutes each, then the solution was changed and vacuum
applied for an additional 15 minutes. The ears were then embedded in pre-chilled OCT
(Sakura), snap-frozen in liquid nitrogen pre-chilled isopentane for 10 seconds, and

stored at -80°C for later use.

Scanning Electron Microscopy (SEM)

LTeos' nte and

Immature ears from B73 (~2-6 mm) Teosinte ear (~1-3 mm), Ter 1-NI
Ter1-NILM@# plants were collected. Husk leaf primordia were carefully removed, and
the ears were observed using a JEOL JSM-7900F SEM. Samples were processed as
previously described (16): briefly, ears were fixed in 2.5% glutaraldehyde, dehydrated
in a graded ethanol series, critical-point dried, and sputter-coated with gold. SEM

observations were performed at 5-10 kV accelerating voltage.

MRNA in situ Hybridization
Immature teosi nte ears (1-3 mm) were fixed in 4% paraformaldehyde (PFA) in 1x
PBS (pH 6.5-7.0) at 4°C for 1624 h. Samples were dehydrated in ethanol series,
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cleared in histoclear, and embedded in Paraplast Plus (Sigma, P3683). Sections were
cut at 10 um thickness. Sense and antisense RNA probes were generated by PCR
amplification of target fragments (primers listed in table S15), incorporating a T7
promoter sequence (CATTAATACGACTCACTATAGGG) in the 5 or 3' end as
appropriate. Probes were transcribed in vitro using T7 RNA polymerase (53) and
labeled with digoxigenin-UTP. Hybridization, immunological detection, and signal
capture were performed following established protocols.

Single nucleusisolation

The frozen materialswere placed in 3 ml of Nuclear Isolation Buffer A (NIBA:0.8
M sucraose, 10 mM MgCl2, 25 mM Tris-HCI (pH 8.0), 0.1 mM DTT, 0.4 U/ul RNase
inhibitor and 0.1 mM PMSF) at 4 °C. The nuclel were harvested by chopping in NIBA
at 4 °C. The mixture was subsequently filtered through 40 um, 30 um strainer and
rinsed with 7 ml of NIBA, and then incubated for 10 minutes at 4 °C. Afterward, nuclei
were centrifuged at 50 g for 5 min at 4 °C, the pellet was then removed and the
supernatant was centrifuged at 2000 g for 10 min at 4 °C. The pellet wasresuspended in
1ml Buffer B (0.4 M sucrose,10 mM MgCl2, 25 mM Tris-HCI (pH8.0), 0.2 U/ul RNase
inhibitor, 0.1 mM PMSF, 1% Triton X-100). Percoll gradients were prepared onice, i.e.,
1 volume 75% percoll was added to tube, followed by 1ml 25% percoll. The nuclei
suspension was then centrifuged at 3000g for 15min at 4 °C. The middle layer
containing most of nuclei was transferred to a new tube and then washed with 5
volumes of Buffer B, and recovered by centrifuging at 1800g for 10 min at 4 °C. The
nuclei pellet was resuspended in cell suspension buffer (CRB). The nuclel activity and

concentration were measured by DAPI staining and hemocytometer, respectively.

Single-nucleus transcriptome sequencing (snRNA-seq) and raw data processing
Single-nucleus suspensions were used for library preparation according to the
DNBelab C Series Single-Cell Library Prep Set (MGI, 1000021082) as previously
described (54). The concentration of DNA library was measured by Qubit (Invitrogen).
Libraries were sequenced by DNBSEQ-T7RS. The raw sequencing reads were filtered
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and demultiplexed by PISA (Version 1.1.0) (https://github.com/shiquan/PISA), and
aligned to the B73_v5 (55) reference genome using STAR (version 2.7.4a) (56) with
default parameters. Then we obtained the raw matrix of Cell-gene UM counts by using

PISA.

snRNA-seq Analysis

Sequencing reads from multiple biological replicates of B73, teosinte,
Ter1-NIL™S™ and Ter1-NIL"¥* ears were aigned to the B73 V5 reference genome.
The replications of maize and teosinte shared similar gene and UMI numbers in each
cell, supporting the reproducibility of the snRNA-seq data (fig. S24 and fig. S25).
Downstream analyses were performed using Seurat (v4.1.1) (57), which was
implemented in R (4.3.1). Data were log-normalized (NormalizeData, scaling factor =
10,000), variable genes were identified with FindVariableFeatures (vst method, 2,000
features), and PCA was performed (RunPCA). Batch effects were corrected using
Harmony (RunHarmony, fig. S26). A shared nearest neighbor (SNN) graph was
constructed, and clustering was performed with the Louvain algorithm (FindNeighbors
and FindClusters). Dimensionality reduction and visualization were conducted using

UMAP (RUnUMAP).

Cluster Marker Identification
Cluster-enriched genes were identified with FindMarkers (Seurat) using a
two-sided Wilcoxon rank-sum test. Thresholds: log2 fold change >0.25, adjusted

p-value <0.01, and >30% of cells in the cluster expressing the marker gene.

MetaNeighbor Analysis
MetaNeighbor (R v1.20.0) (58) was used to assess cell type similarity between
clusters. AUROC scores indicated the correlation degree between cell groups.

Stereo-seq Library Preparation and Sequencing

Developing ear tissues were longitudinally sectioned at 10 um using a Leica
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CM1950 microtome. Sections were adhered to the Stereo-seq chip surface (59),
incubated at 37°C for 2 min, fixed in methanol, and incubated at -20°C for 40 min.
Nuclel were stained with a nucleic acid dye (Thermo Fisher, Q10212) for 5 min, and
tissue integrity was checked under a microscope. Bright-field and fluorescent images
were captured with a Motic PAS53 Scanner. Sections were de-crosslinked in TE buffer
(10 uM Tris, 1 uM EDTA, pH 8.0) at 55°C for 1 h, permeabilized at 37°C for 12 min,
and subjected to reverse transcription overnight at 42°C. Tissue was digested at 37°C
for 30 min and treated with Exonuclease | (NEB, M0293L) for 1 h at 37°C. cDNA was
purified with Ampure XP beads (0.6x and 0.15%, Vazyme N411-03), used for DNA
nanoball (DNB) generation, and sequenced on an MGI DNBSEQ-Tx platform
(paired-end 50 bp or 100 bp).

Raw Stereo-seq data processing and quality control

Stereo-seq raw reads were generated from a MGl DNBSEQ-T5 sequencer. Read
lcontained CID and UMI sequences (CID: 1-25bp, UMI: 26-35bp), while read 2
contained the cDNA sequence. Retained reads were then aligned to the reference
genome B73 viaSTAR. and mapped reads with MAPQ 10 were counted and annotated
to their corresponding genes using an in-house script (avalable at
https://github.com/BGIResearch/handleBam) and generated a genelocation

expression matrix containing location information.

Binning data of spatial Stereo-seq

After obtaining raw spatial data, transcripts captured by 50 x 50 DNA nanoballs
were merged into one bin50 (~25um x 25um). We treated the bin50 as the fundamental
analysis unit, and bin IDs were composed of X and Y coordinates on the capture chip.
The threshold for filtering low-quality bins was set to < 150 or >5000 gene counts.
After filtering, the remaining bin50s were included in the downstream analysis; details

arein Table $4.

Recovering missing values and unsuper vised clustering of Stereo-seq data
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The raw gene-bin50s matrices were loaded into the Seurat package (4.1.1), which
wasimplemented in R (4.3.1). We then performed normalization in the original dataset
(LogNormalize, scaling factor 10,000), using ‘FindVariableFeatures' function (vst
method, 2000 features) to identify highly variable genes, scaled the data with the
‘ScaleData’ function, performed PCA analysis with the RunPCA’ function (100
principal components), and determined statistical significance of PCA scores with the
‘JackStraw function. Clusters were identified using the Seurat function ‘FindClusters
with ‘resolution = 1'. The table Structures were separately visualized and explored by
UMAP (run the ‘RunUMAFP function with ‘dims= 15, metric = correlation, min.dist =
0.01" ). However, many genes were only expressed in only a subset of bin50s. We
therefore used the Seurat Wrapper function RUnALRA (60) (61) to impute missing
expression values, increasing the non-zero percentage of expressed genes from 46.1%
to 81.9% in three teosinte sections (fig. S27). After obtaining the imputed matrices, we
performed the downstream analyses as previously described. Briefly, We then detected
variable genes with the ‘FindVariableGenes' function (vst method, 2000 features),
scaled data with ‘ScaleData function, performed PCA analysis with the ‘RunPCA’
function, clustered bin50s with the Louvain method (‘FindNeighbors and
‘FindClusters’), and visualized data with non-linear dimensional reduction algorithms
(‘RunUMAP). The physical distribution of cell types before and after imputation was
consistent (fig. S28). More importantly, the clustering of imputed datasets showed
clearer anatomical characteristics in some regions, especially in the meristems and

vasculature (Fig. 1, D).

Integration of sSnRNA-seq and Stereo-seq Data

The proportion of cells from each snRNA-seq cluster of maize ear in spatial spots
was estimated using STRIDE (14). The proportion of cells from different Sn-clusters
(snRNA-seq clusters) in the binS0s are listed in table S2.

Integration of maize and teosinte sSnRNA-seq Data

Integration of maize (B73) and teosinte SnRNA-seq datasets was performed using
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the Seurat standard pipeline. Briefly, highly variable genes were first identified in each
dataset using FindV ariableFeatures (vst method, 2000 features). Integration anchors
between the two datasets were then determined using FindintegrationAnchors (dims =
1:30). The datasets were integrated with IntegrateData (dims = 1:30) to generate a
batch-corrected expression matrix. The integrated data were scaled, subjected to PCA,
and clustered using a shared nearest neighbor graph (FindNeighbors and FindClusters,
resolution). UMAP (RunUMAP) was used for visualization, and cluster marker genes

were identified to assign biological cell-type identities.

Genemoduleidentification

Gene module analysis was performed using Hotspot (24). Briefly, normalized
single-cell expression matrices were used as input, and highly variable genes were
selected based on expression variability across cells. Thetop 2,000 variable genes were
retained for downstream analysis. A cell neighborhood graph was constructed using the
low-dimensional embedding generated from the integrated single-cell dataset, and
pairwise local correlations between genes were cal culated using the Hotspot framework.
For each identified module, module scores were calculated across all cellsto evaluate
activity patterns among cell populations and developmental stages. M odules showing
cell type-specific or stage-specific enrichment were further examined. All module
scores across cell populations and developmental stages, as well as gene-to-module
assignments, are reported in table S16. Default parameters were used unless otherwise

pecified.

Co-expression Network Construction and GO/KEGG Enrichment

Gene co-expression networks were constructed using WGCNA (v1.71) (62).
Average gene expression per cluster was used as input. M odules and gene connectivity
were obtained, and gene set enrichment analysis was performed using gProfiler
(https://biit.cs.ut.ee/gprofiler/gost). Networks were visualized with Cytoscape (v3.7.1)
(63).
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Differential gene expression analysis across cell clusters

Differentially expressed genes across cell clusters were identified using a custom,
cluster-level summary approach. For each gene, we calculated its average expression
level in a single nucleus within each cluster, as well as the proportion of nuclei
expressing the gene in that cluster (defined as the expression range, %Expressed).
Genes were considered to be expressed in a given cluster if their expression was
detected in at least one nucleus. Within each cell cluster, genes showing at least a
two-fold difference in average expression level or expression range (%Expressed)
between samples were defined as differentialy expressed genes. The expression range
(Y%Expressed) was used as an additional metric to characterize the distribution and
prevalence of gene expression within each cluster. Key domestication genes identified
as differentially expressed genes between maize and teosinte were further validated

by in situ hybridization (fig. S29).

Selective sweeps analysis

The genetic distances between SNPs and SV's were interpolated based on the physical
distances from an ultra-high-density genetic map of the maize-wild maize population
(64). The physical distances were then converted to the B73v5 reference using
CrossMap (version v0.7.0) (65). Selective sweeps were identified using Zea mays
subsp. parviglumis as the reference population and Zea mays subsp. mays as the test
population. Following previous studies (9), 110 accessions of Zea mays subsp. mays
and 70 accessions of Zea mays subsp. parviglumis were selected, with their
high-quality SNPs and pSVs (polymorphic SVs) used for analysis. SNPs were
downloaded from the ZEAMAP database (66) and subjected to quality control (MAF
> 0.05, missing rate < 0.2, and biallelic sites), followed by genotype imputation using
Beagle (version r1399, with parameters ‘ window=50000 overlap=5000") (67). Beagle
isawidely used tool for phasing, imputation, and haplotype inference in genomic data.
It employs hidden Markov models (HMMs) and haplotype clustering to estimate
missing genotypes and phase variants, enhancing genotype accuracy and enabling

robust downstream anayses in large-scale genomic studies. Only SVs without
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missing data were retained for subsequent analyses. The XP-EHH (Cross-Population
Extended Haplotype Homozygosity) values for each locus were calculated using
selscan (version v2.0.3, with parameters ‘selscan-2.0.3 --xpehh --max-gap 400000
--unphased’) (68). XP-EHH is a statistical method for detecting selective sweeps by
comparing haplotype extension differences between two populations, thereby
identifying population-specific selection signals. The resulting XP-EHH values were
smoothed using GenWin (version 1.0, with parameters ‘ smoothness = 100, method =
4") (69) to compute the W statistic and spline windows. Genomic regions with W
statistic values in the top 5% of the genome-wide distribution were considered
putative selective sweep regions. Genes overlapping with these regions were

identified as candidate genes under selection.

Protein structure prediction

The structures of Zm00001eb054470 were predicted by AlphaFold3 (38) under
the assumption that each protein forms a dimer. The predicted conformations of the
three proteins differ significantly, suggesting that the mutation may have altered their

conformations, thereby affecting their functions.

Bulk RNA-seq analysis.

All libraries were sequenced as paired-end 150-bp reads on an Illumina HiSeq
3000 platform. Low-quality reads and adapter sequences were removed using
Trimmomatic (70). Clean reads were aligned to the B73 RefGen_v5 reference genome
using RSEM (71) with default parameters, and gene expression levels were quantified
simultaneously. Differentially expressed genes were identified using DESeg2 (72) with
thresholds of |log2 fold change| > 1.5 and adjusted P value < 0.01.

JA Treatment
Immature ears of Ter1-NIL ™™ and Ter1-NILM#? with consistent growth and a
length of 1-1.5 cm were selected, and the innermost glumes were retained. Two

treatment groups were set up: a control group treated with 0.005% ethanol and a JA
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treatment group treated with 1 mM jasmonic acid (JA). The respective solutions were
applied directly to the inflorescence meristem (IM) region of each ear. Samples were
incubated in a 25°C incubator in the dark for 24 h, after which the outer spikelet
tissues of the immature ears were dissected and collected for total RNA extraction

(36).

Functional Analysis of JA Transport by AtJAT1 and ZmSPD1 Variantsin Y east

The CDS sequences of AtJAT1, maize haplotype ZmSPD1¥% teosinte
haplotype ZmSPD1™™® and the point-mutated variant ZmSPD1SRRAK \yere
individually cloned into the pYES2 yeast expression vector. Empty vector and all
recombinant constructs were transformed into Saccharomyces cerevisiae strain Y2H
Gold, and positive single colonies were selected on SD-URA medium. Yesst
suspensions were adjusted to equivalent optical densities and spotted onto SD-Ura
plates with or without 6 mM exogenous jasmonic acid (JA). Plates were incubated at
30°C for 2-3 days, and the JA transport activity of each protein was assessed based
on differential yeast growth under JA treatment (37).

M etabolite extraction for maize ear
Lyophilized samples (>1-2 g tissue) were prepared by freezing in liquid nitrogen

or at —-80°C followed by vacuum freeze-drying. Dried tissues were ground to a fine
powder, and 0.05 g aliquots were extracted with 500 puL of solvent containing
Acyclovir and Roxithromycin as internal standards. Extracts were vortexed,
ultrasonicated for 30 min, centrifuged at 12,000 rpm for 10 min at 4°C, and filtered
through a 0.22 um membrane into HPLC vias. Samples were stored at —20°C

short-term or —80°C long-term prior to analysis.

Metabolite Analysisby LC-ESI-M SM S

Metabolites were separated on a Waters HSS T3 column (100 x 2.1 mm, 1.8 um)
using aflow rate of 0.35 mL/min and a column temperature of 40°C. The mobile phases
were 0.04% acetic acid in HPLC-grade water (solvent A) and 0.04% acetic acid in

acetonitrile (solvent B). A 2 uL aliquot of each sample was injected, and the gradient
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elution program was as follows. 0-1 min, 98:2 A/B; 1-11 min, linear to 50:50 A/B;
11-14 min, 50:50 A/B; 14.1-17 min, 2:98 A/B. Samples were kept at 15°C in the
autosampler and analyzed in a randomized order, with quality control (QC) samples
evenly inserted to monitor system stability and data reliability. Mass spectrometry was
performed on a SCIEX QTRAP 5500 system equipped with an electrospray ionization
(56) source in positive and negative ion modes. Source parameters were: spray gas 60
psi, auxiliary gas 60 psi, ion spray voltage +5500 V/-4500 V, and source temperature
550°C. Data were acquired in multiple reaction monitoring (MRM) mode. Raw data
were processed using OS software, including baseline filtering, peak detection, peak
alignment, retention time correction, and peak matching, generating a data matrix

containing retention time, m/z, and peak intensity for each metabolite (73).

Statistical analysis
An unpaired two-tailed Student’s t test was used to compare the differences in tested

traits between two samples. A oneway analysis of variance (ANOVA) followed by
Tukey's multiple comparison test was used to compare the differences in gene
expression levels among three or more samples. Both the two-tailed Student’ st test and

ANOV A were carried out in Microsoft Excel.

Data availability

scRNA-seq and Stereo-seq data from this study can be found in CNGBdb
(https://db.cngb.org/), and under project accession code CNP0009173. Additional data,
including processed H5ad data, the original gene expression matrix, expression patterns
of marker genes across al sections can be accessed from STOmicsDB database (74),
https://db.cngb.org/stomics/mdestal.
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Fig. S1 STRIDE was applied to project Sn-Cluster onto the maize spatial transcriptome
map (A-C). STRIDE was applied to infer Sn-Cluster identity, with color scale indicating the
proportion of cells from different Sn-clusters in the spots. Sn-cluster from 2mm B73 ear (A),
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Fig. S2 UMAP plots of m%\ﬁg%tl)'leg%r}ggg apclz'(e:iﬁ\c(ilill(fgzlﬂllgt'fr GHtTAeS BF Sn-Clusters. (A) Twelve
clusters are displayed in an integrated UMAP plot in two dimensions. Each dot represents a
bin50 from published maize spatial transcriptome data section #1 and #2 (/). (B) Spatial
distribution of cell types that were identified in sections #1 and #2. (C) Eleven clusters are
displayed in an integrated UMAP plot in two dimensions. Each dot represents a bin50 from
published maize spatial transcriptome data section #3 (/). (D) Spatial distribution of cell types
that were identified in section #3. (E-G) 2mm (E), 4mm (F), and 6mm (G) B73 snRNA-seq
represent UMAP plots of their marker genes; the numbers in the figures indicate that the gene
is the marker gene of the corresponding Sn-Cluster. 6mm B73 ear spaRNA-seq #1& #2
represent UMAP plots of the same genes in the published maize spatial transcriptome map
shown in (A-B), 6mm B73 ear spaRNA-seq #3 represents UMAP plots of the same genes in
the published maize spatial transcriptome map shown in (C-D), with color scale indicating
normalized expression level. (H) Cell cycle marker genes from (2) used to annotate G2/M or
S phase cell types.
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Fig. S3 UMAP plots of marker genes predicting the identities of Sn-Clusters. (A). UMAP
plots of known marker genes; the text in the figures indicates that the gene is the marker gene

of the corresponding cell types with published mRNA in situ hybridization results, with the

color scale indicating normalized expression level in snRNA-seq. (B). Expression pattern of

representative cluster-specific known marker genes. Dot diameter, proportion of cluster cells

expressing a given gene. All known gene annotations were retrieved from (3)
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Fig. S4 Unsupervised clustering of three teosinte ear sections based on imputed Stereo-seq data. Left, Physical distribution of bin50s corresponding to
different clusters. Scale bar = 0.1mm. Right, 7 meta-clusters displayed by an integrated UMAP plot in two dimensions, with each dot representing a bin50.


https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
A available under a CC-BY-NC 4.0 International license.

8-Bract -

7-Vasculture -
6-Cell cycle S Phase - TMIM,
4 AUROC -:, 6-Vasculture -
g SMIAM - T
] l - @ 5 ME(periphery) AUROC
periphery) -
§  aCeloye os £ l o
% G2/M Phase 6 % 4-ME (tip) _ 08
£ 3-ME (periphery)- € 05
H (periphery) . E 3-Cell cycle 0.4
H £ G2/M Phase - ' 03
g 2-ME (tip) - g
2-Cell cycle S Phase =
1-Pith center -
1-Pith rib -
0-Pith rib - 0-Pith center -
1 1 1 ] 1
0 1 2 3 4 5 6 5 6
Teosinte spatial-cluster Teosinte spatial-cluster
oMM = 5-Vasculture -
8-ME (tp) - a-Pith center-2 -y
@ T-Cellcycle _ g’
g G2/M Phase 3 2-Pith center -1 - AUROC
5 6-Vasculture = AUROC E
w w
H 5Cellcycle _| I 07 H 10-M1 - l 075
; G2/M Phase == 06 [’}
E 4Pith - o gi ;ﬁ 9-ME - s
; &
% 3-Gell cycle S Phase - | I 03 g 6-MB-
g g
2ME 1M1-IM -
11-Vasculture -
0-IMP -
10-Vasculture -
— 1-Pith rib -
Q-Pith - 4-Cortex-
1
0 1 2 3 4 5 & o 1 2 3 4 5
Teosinte spatial-cluster Teosinte spatial-cluster

B
0 Inflorescence meristem periphery (IMP)
@ 1 Pith rib
2 Pith center-1 @3 Pith center-2
@ 4 Cortex

5 Vasculature
© 6 Meristem base (MB)
@ 7 Adaxial meristem periphery
® 8 Determinate lateral organs
@ 9 Meristem epidermis (ME)
10 Meristem internal (MI)
@ 11 Inflorescence meristem (IM)

Fig. S5 MetaNeighbor identifies cell types across teosinte snRNA-seq and maize
snRNA-seq/spatial transcriptome data. (A) Labels show the cell types with the highest
identity (AUROCs > 0.6). (B) Spatial distribution of cell types that were identified in spatial
transcriptomics of the 6 mm B73 ear (/). Cell types in (A) are shown in (B).
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Fig. S6 mRNA in situ hybridization of marker genes identified in teosinte snRNA-seq.
Left, mRNA in situ hybridization result. Middle, Stereo-seq expression pattern of teosinte ear,
scale bar = 0.1 mm. Right, snRNA-seq expression pattern. The color scale indicates
normalized expression level in snRNA-seq. Sn-cluster5: Cell cycle marker genes from (2)
used to annotate G2/M phase cell types.
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Fig. S7 MetaNeighbor identifies cell types across teosinte snRNA-seq and maize

snRNA-seq datasets.
Values indicate AUROC scores reflecting cross-species cell type similarity. Cob-related cell
types exhibit lower similarity between maize and teosinte compared to floret-related cell

types.
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Fig. S8 Transcriptomic divergence for cob cells. (A) Integrated transcriptomic comparison
of cob cell populations between maize (three developmental stages: 2mm, 4mm, and 6 mm)
and teosinte, including pith rib zone, pith center, and vasculature. (B) Number of differentially
expressed genes (DEGs) identified between teosinte and maize across three developmental
stages (2mm, 4mm, and 6 mm) within specific pith sub-populations. (C) Bar graph showing
Gene Ontology (GO) enrichment of maize and teosinte enriched genes in pith cells, with
maize sampled at the 2mm, 4 mm, and 6mm stages.


https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC 4.0 International license.

UB2, 2mm Maize & Teosinte Pith UB3, 2mm Maize & Teosinte Pith
A B g s

0 50 u“m'_:m g g 3 34 E!m»jv 3 50
TSH4, 2mm Maize & Teosinte Pith UB2, 4mm Maize & Teosinte Pith
Zma00016n316740 Zmov0016b035030

TSH4, UB3 I i A
! R 3 !
BE) EX) ED [ 3 g v 3 EJ 3 E
uness ueas 1
Cc cytokinin response genes
CRRS5, 2mm Maize & Teosinte Pith CRRS5, 4mm Maize & Teosinte Pith CKX10, 2mm Maize & Teosinte Pith CKX10, 4mm Maize & Teosinte Pith
Zm000016b140730 B 2m000016b140730 2m000014b040280 . Zm00001b040280
. 58 @ 5 . 58 -._: 5,

sap2
B
[E
o
sap 2
v
o
s 2
-

5 w0 7 P g %

5 O e 3

" el s Tawei’ T # s’y A
CRR7, 2mm Maize & Teosinte Pith CRR7, 4mm Maize & Teosinte Pith
Zmovoozentaz13o . 2mo000ten182130
i EXs « b =
¢ 0 g g 5
i Y EX] 75 g FX) 50 K k) [} ¥
e} 'y
D bb2, 2mm Maize & Teosinte Pith bb2, 4mm Maize & Teosinte Pith bb2, 6mm Maize & Teosinte Pith
Zm00001eb005600 Zm00001eb005600 Zm00001eb005600
15
6 &

~ ~ 3
£ %o 4 2
= z . 1
4 )
¢ :
€
-3 -3
"
-6 &
1.5 5.0 -4 o 8
UMAP_1
CNR6, 2mm Maize & Teosinte Pith CNR6, 4mm Maize & Teosinte Pith CNR6, 6mm Maize & Teosinte Pith
Zm00001eb404500 Zm00001eb404500 Zm00001eb404500
6
3
N 3
|
Yo '
. 1
o
El
-
75 D 75 50 13

7s 00
UMAP_L


https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

. . avaable under a CC-BY-NC 4.0 Internagional license ..
Fig. S9 Enrichment and™ éxpression pa?terns of " selected domestication and

cytokinin-related genes in maize pith cells. (A) Number of genes that are highly expressed
in maize 2 mm and 4 mm pith cells and exhibit signatures of selection. (B-C) Integrated
UMAP visualization of known domestication genes identified in (A), with color scales
representing normalized expression levels across 2mm, 4mm, and teosinte snRNA-seq
datasets. (D) Integrated UMAP visualization of cytokinin-responsive genes, with color scales
indicating normalized expression levels. (E) Integrated UMAP visualization of bb2, with
color scales indicating normalized expression levels. (F) Integrated UMAP visualization of
CRNG6, with color scales indicating normalized expression levels.
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Fig. S10 Genes within the maize-specific module (MS5) were enriched for three major cell
cycle related processes. (A) Number of differentially expressed genes (DEGs) associated
with cell cycle related processes, identified between teosinte and maize across three
developmental stages (2mm, 4mm, and 6 mm) within IM subpopulations. (B) Left, UMAP
plots of cell cycle related genes, with color scale indicating normalized expression level in
maize and teosinte snRNA-seq.
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Fig. S11 Comparison of IM in maize and teosinte ears. (A) UMAP visualization and
clustering of IM cells in maize and teosinte. (B) Hotspot analysis and identification of gene
modules within isolated IM cells. Gene modules with higher hotspot scores indicate stronger
co-expression patterns. (C) GO enrichment analysis of the maize-specific and
teosinte-specific IM gene modules.
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Fig. S12 Constructing spatial co-expression networks. (A) Left, Hotspot gene module
analysis and identification of gene modules within isolated meristem cells. Right, gene
co-expression network (GCN) constructed from a gene module containing TB/, RAJ,
TSH4/UB2/UB3-ZFL2, and TUI. The network is visualized using Cytoscape. Node size
represents the degree of connectivity. The shade of the line color represents the weight of the
edge between two nodes. (B) The ratio of selected genes in the gene modules described in

(A).
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Fig. S13 Genome-wide distribution of selection signatures (W-statistic) between
Zea mays ssp. parviglumis and maize. The W-statistic, derived from the smoothed
Cross Population Extended Haplotype Homozygosity (XP-EHH), was calculated
across the entire genome to identify regions potentially under selection during maize
domestication. Each dot represents a genomic window, with chromosomal positions
shown along the x-axis and W-statistic values on the y-axis. The horizontal red dashed
line indicates the genome-wide significance threshold corresponding to the top 5% of
empirical W-statistic values (threshold = 3.68). Genomic windows exceeding this
cutoff are considered as outliers with strong selection signals. The red dot highlights a

specific genomic region on chromosome 1 (chr1:272,634,050-272,638,050).
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Fig. S14 Teosinte accessions from wild populations that exhibited paired sessile spikelets. (A) Teosinte ear with double rows of SS, and detail of the
paired SS. (B-C) Haplotype of ZmSPDI in teosinte with paired SS and sequence from TILO1 published genome from Maizegdb (4). Upon translation of the
full DNA sequence, the A/C mutation results in the substitution of Serine with Arginine. The G/A mutation results in the substitution of Arginine with Lysine.
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Fig. S15 Transcriptomic validation of NT (non-transgenic line) and ZmSPDI1™* lines. (A) RNA-seq—based quantification of transcript abundance
(TPM) in NT and ZmSPDI]™s"e* lines, shown as bar plots for the Zm00001eb054470. (B) IGV visualization of RNA-seq read coverage at the
Zm00001eb054470. In the NT line, RNA-seq reads showed only the endogenous nucleotide at the diagnostic polymorphic site (A and G), whereas the
ZmSPD]%esine* Jine displayed reads corresponding to both endogenous and introduced nucleotides (A/C and A/G), confirming successful expression of the
introduced ZmSPD [™osinte* transcript.
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Fig. S17 UMAP plots of marker genes predicting the identities of ZerI-NIL™ and
Ter1-NILM#z¢ Sp_Clusters. (A-B) Terl-NILM#=¢ (A) and Terl-NIL%™os"¢ (B) snRNA-seq
represent UMAP plots of their marker genes, the numbers in the figures indicate that the gene
is the marker gene of the corresponding Sn-Cluster, 6mm B73 ear spaRNA-seq #1& #2
represent UMAP plots of the same genes in the published maize spatial transcriptome map
shown in fig. S2A-B, 6mm B73 ear spaRNA-seq #3 represent UMAP plots of the same genes
in the published maize spatial transcriptome map in Fig. S2C-D, with a color scale indicating

normalized expression level.
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Fig. S18 Integration of TerI-NIL™"% and Terl-NILM*=¢ snRNA-seq. (A) The proportions
of cells from Terl-NIL™s"e and Terl-NILM¢Z in each cell cluster, respectively. (B)
Expression patterns of Terl candidate gene Zm00001eb054470 in Terl-NIL™osie and

Terl-NILMaze snRNA-seq data.
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Fig. S19 mRNA in situ hybridization of 7S and ZmSPD1 in maize. (A) Left, 7S/ mRNA
in situ hybridization result from (5). Right, Stereo-seq expression pattern of maize 6mm ear,
scale bar = 0.5 mm. (B) Left, ZmSPDI mRNA in situ hybridization result in maize, scale bar
= 0.1 mm. Right, Stereo-seq expression pattern of maize 6mm ear, scale bar = 0.5 mm.
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Fig. S20 Quantification of endogenous hormone levels in TerI-NIL™"% and
Ter1-NILM#z¢ ears, Abscisic acid (ABA); 1-Aminocyclopropanecarboxylic acid (4);
Brassinolide  (BL);cis-Zeatin-O-glucoside ~ (cZOG);  Gibberellin  A20  (GA20);
Indole-3-acetyl-glutamate (IAA-Glu); Indole-3-acetic acid methyl ester (IAA-Me);
Indole-3-carboxaldehyde (IAld); Jasmonic acid (JA); Jasmonic acid-isoleucine (JA-ILE);
2-Oxoindole-3-acetic acid (OxIAA); Salicylic acid (SA). Error bars indicate SD (n = 3).
Asterisks indicate significant differences (Student's t-test: *P < 0.05, **P < 0.01).
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Zm SPD1 Teosinte

Mean pLDDT = 52.6

ZmSPD 1 S160R,R215K

Mean pLDDT =52.9

Fig. S21 Protein structural comparison of different alleles of ZmSPD1. The ZmSPD [Mz¢
allele is based on the DNA and corresponding protein sequences derived from the B73
reference genome. The ZmSPDI™sin¢ allele is based on sequences from Zea mays ssp.
parviglumis (TILO1). The ZmSPD 151508 R2I3K yariant represents a modified version of the B73
ZmSPD1 sequence, in which two nonsynonymous mutations were replaced with the
teosinte-type alleles, and the corresponding DNA and protein sequences were used for
analysis. pLDDT (predicted local distance difference test) scores indicate per-residue
confidence in the predicted structure, ranging from 0 to 100, with higher scores representing
higher confidence
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Target _100bp

zmeres147 [
ATG TAG

WT CATGCGGTTTCSCGTTCAAGGGCTATCCTGTdGCCTGCCCGAC
zmereb147-1 CATGCGGTTTCCGTTC--GGGCTATCCTGTCGCCTGCCCGAC
zmereb147-2 CATGCGGTTTCCGTTC-AGGGCTATCCTGTCGCCTGCCCGAC

Target —1006p
zmeress3 |
ATG TAG

WT CACCGGGCGGCCGCCGT-CAGCGCGGTCACCACCGGCGGCATGC
zmereb83-1 CACCGGGCGGCCGCCG~--CAGCGCGGTCACCACCGGCGGCATGC
zmereb83-2 CACCGGGCGGCCGCCGTTCAGCGCGGTCACCACCGGCGGCATGC

Fig. S22 Genotype of ZmEREBS83 and ZmEREB147 CRISPR-Cas9 edited plants. The red
lines denote sgRNA, and the black boxes indicate the coding sequence.
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Fig. S23 Comparison of cellular composition between maize and teosinte. Meristem-0 to

meristem-8 present cell types from spikelet meristem cells, and are shown in Fig. 2F. Other

cell types from the maize ear were shown in Fig. 1B, and cell types of the teosinte ear were

shown in Fig. 1E. The black boxes indicate cell types with a more than two-fold difference in

proportion.
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Fig. S24 Box plots of the number of total UMI/cell and gene number/cell of maize and
teosinte snRNA-seq.
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Fig. S26 UMAP plot showing good reproducibility of maize and teosinte snRNA-seq
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Fig. S27 Gene density of non-zero ratio across three teosinte ear sections before and
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Fig. S28 Unsupervised clustering of three teosinte sections based on raw Stereo-seq data.
(A) 7 meta-clusters displayed by an integrated uniform manifold approximation and
projection (UMAP) plot in two dimensions, with each dot representing a bin50. (B) Physical
distribution of bin50s corresponding to different clusters. Scale bar = 0.1 mm.


https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

Teosinte

Maize

available under a CC-B¥gigsdiéhinternational license.

TSH4(Zm00001eb316740)

4 I

0

Inconsistent expression

0

pattern
Expression
4 I
L kA
l‘ I\ -

4mm B73 ear
snRNA-seq

Teosinte ear

snRNA-seq

UMAP_2

ZmO00001eb316740

00

Zm00001eb316740

arnw


https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

Teosinte

Maize

Teo_sinte

available under a CC-BY-NC 4.0 International license.

Expression
TU1(Zm00001eb193790) ; 0
4 - Zm00001eb193790
50
7
25 : e
L
5
58 . 8
' Iy,
c2 s 00
c
5 B as 2 9 )y n
o 5.0
-4 o L]
UMAP_
Expression
n 0 2m000016b193790
5
T
L - PEXS 50 d
. v ‘ 3
v \ 3 \ EN =
o’ 205 ;! it 2 3 B == 4 3 2%
L 5 . 0 2 'S ~, ke
' \ e ' ‘. €< ; ‘ 2
=3 S wZ: 3 ) ?
S T ¢ gy | B S 5 &
2 ke =} ¥ . L
Vo . o = i
s Vo - L e
-7 E f b f-' 25 P
M . - N I i
L L]
50
6 4 2 L] 2 4
UMAP_1
Expression
4- 0 Zm00001eb054440
TB1(Zm00001eb054440) s0
ENe [ A
T
Lg - 25
o
'!' S
1w Ir
g o ® o IZ
0. § ~ H
" g’ :
. Ec
7 EG
;s [}
50
T @ ]
UMAP_1
Expression . ZmO0001eb054440
JE 0 i
5o
~=l N} ot P X i
s N N e | 38 & : : :
et M al ‘v ' LN ) @ ~ i
" . Lt S e, ) € g % Y
' Les . . I o B oo ¥ ¥
et oh y = (% . 5
i ] R 1 s N Ig 5 z
' g 1 5o f
W =) v oA " g 25 S
, Sie kK “’z" \-\_'," 5.0
. . Ll 6 4 2 4



https://doi.org/10.64898/2026.08.10.743805
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.08.10.743805; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

UB2(Zm00001eb035030) avafghlr:4gRer a CC-BY-NC 4.0 International license.
. 4 -

Zm00001eb035030

0

&
o 9 . 4 3
~ [
'g o % % ’ 8 2 lj
© EX - 5
£¢ i
E < (] R 7
- 3
d -6
. -8 0 5
Expression b
4 - 0 Zm00001eb035030
s
’
50 2
=
o O
[ i o2 s ;
- N @ v 3
E, 2L T F
8 \ C | g2 1., :
@ 3 ' ec 6 0
| =] 5 ‘ =0 2
-I - 25 X i
I "
) E 2
umap 1
Expression
4 - 0 Zm00001eb199880
UB3(Zm00001eb199880)
3 1
g o ‘e G
] b
o $ o 2 5 2
[ 4 2z
o3 3 1
(] 3
N E J =
‘s i = 7
= i‘ i =
- s
. F3
i .
-5 o
UMAP_1
Inconsistent expression
pattern
Express ion L ZmO00001eb199880
4 N 0 .
5.0
i
3 ! -
'E ; g 8- 25 = 3
() - 7] 25
o &4 ¥ 20
@ £ >3 i
- 225,
S'E y oo
=0 2
) 2.5 = o
50
r3 P 2 [] ] 4
UMAP_1

Fig. S29 mRNA in situ hybridization of known genes exhibits different expression
patterns in maize and teosinte. Left, maize mRNA in situ hybridization result. Middle,
Stereo-seq expression pattern of teosinte ear, scale bar = 0.1 mm. Right, Teosinte
snRNA-seq expression pattern. Color scales indicate normalized expression levels.
Known gene expression pattern were validated from 7SH4 (6), UB2 (7), UB3 (6),
TBI1(8, 9).
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