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Figure 2. Heatmap showing a comparison of the 80 most highly expressed genes in maize gametes 
and their predicted orthologs in the corresponding rice gametes. (A) TOP80 most highly expressed 
genes in maize sperm cells and (B) TOP80 genes in maize egg cells. Note that all maize genes display a 
TPM>200 and are thus indicated by red bars. For better visualization, rice and maize gene expression 
values (TPM) were square root transformed and classified into 80 expression categories using the 0.99th 
percentile of the data to summarize all higher expression values. Plastid genomes were excluded, as they 
showed overshooting of expression in the rice data. Non-expressed genes in the rice data and genes 
lacking a clear homolog are marked by black bars. Orthologous gene information is based on the 
EnsemblPlants Compara database, The Rice Genome Annotation Project (RGAP), and orthologs from 
RGAP based on OrthoMCL. Maize genes encoding histones and high-mobility group genes are shaded in 
purple, proteins involved in translation are in green, and EA1-box proteins and predicted secreted CRPs 
are in yellow. Proteins were classified according to InterPro. 
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Figure 3. Expression of major chromatin structure protein genes in maize gametes, zygotes, and daughter cells. 

(A) Histone H1, (B) histone H3, (C) histone H4, (D) histone H2A, (E) histone H2B, and (F) high mobility group protein 

Hmgd1. All significantly expressed genes of the various gene families are presented. See Supplemental Figure S3 for 

phylogenetic analysis of male-specific and active chromatin-specific variants of histones H3 and H2A. Gene identifiers are 

listed in Supplemental Table S8 (important gene families). Transcript levels in the cells indicated are given as TPM values 

(means ± SD).
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Figure 4. Gene expression dynamics in maize gametes, zygotes, and two-celled pro-embryo cells. Genes with a abs(log2FC)>1 and 
p-adjusted <0.05 were considered to be biologically meaningful. (A) Comparison of the number of genes induced in sperm cells (SP) and egg 
cells (EC) versus zygotes at 12 HAP (Zy12). (B) Comparisons of genes upregulated in zygotes at 12 HAP versus sperm and egg cells. (C) 
Number of genes induced in zygotes at 24 HAP compared to apical (AC) and basal (BC) cells. (D) Comparison of genes upregulated in apical 
and basal cells versus zygotes at 24 HAP (Zy24). (E) Selected gene expression profiles across the specific cell types analyzed (see 
Supplemental Table S6). The Pearson correlation (>0.9) of square root transformed TPM values per gene and binary profile vectors were used 
to identify genes belonging to a specific profile. The total number of genes including TFs contained in each profile is shown at the bottom. The 
mean expression level of all genes per specific cell type is plotted in each profile (black line). (F) Table of differentially upregulated genes 
(log2FC>1, p-adjusted<0.05) of row cell type versus column cell type. The last column show the number of differentially upregulated genes in a 
row cell type versus all other cell types.
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Figure 5. Expression levels of transcription factor (TF) and MAB genes in gametes, zygotes, and 
early two-celled pro-embryo cells in maize. (A) Expression levels of TF genes in gametes and at early 
developmental stages after fertilization. Genes with abs(log2FC)>1 and p-adjusted <0.05 in at least one 
cell type comparison were considered. To make the expression levels comparable across multiple cell 
types, z-scores were calculated from the square root transformed TPM values corresponding to the 
number of standard deviations between the cell type-specific expression value and the mean expression 
value of the respective gene. Genes were ordered by TF classes (black/blue bars). Black and blue fonts 
were used alternatively to distinguish the various classes. See Supplemental Tables S7 and S8 for details. 
(B) Expression analysis of selected maize genes encoding homologs of Arabidopsis early embryogenesis-
related TFs as well as (C) MATH-BTB (MAB) family genes involved in ACD.
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Figure 6. Gene expression analysis of cell cycle regulators. (A) Major regulators of the maize cell cycle (Supplemental Table S7). Transformation 
of gene expression values as described above. Genes were ordered into protein classes based on data from the literature (see Methods for details). 
(B) Summary of the time course of pollen tube (PT) growth, fertilization, and zygote development. Cell cycle stages of the selected cells are indicated 
based on the currently reported expression data. 
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Figure 7. Analysis of the auxin pathway in gametes, zygotes, and during early embryogenesis. (A) Expression analysis of the most highly 
expressed auxin biosynthesis, transport, and auxin response-related genes. (B) Auxin pathway analysis using three developmental transitions during 
zygote development. The median values over the log2FoldChanges of all differentially expressed genes (p-adjusted <0.05) from the respective 
comparison are color-coded in green (downregulated) and red (upregulated). All log2FoldChanges above 2 or below –2 were set to 2/–2 to improve 
visualization. White boxes: no significant log2FC found, +u: ubiquitination, blue line: inhibition, dotted gray line: dissociation, red dashed line: 
expression. Gene pathway based on KEGG analysis. See Supplementary Table 7 for genes. 
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Figure 8. Expression analysis of selected maize genes with putative roles in signaling during gamete 

interaction and early embryogenesis. (A) Ca2+-dependent phospholipid-binding annexin family proteins, (B) sperm-

specific receptor-like kinases, and (C) fertilization-regulated receptor-like kinases. Gene identifiers are listed in 

Supplemental Table S7 (important gene families). Transcript levels in the cells indicated are given as TPM values 

(means ± SD). 
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