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Fig. S1 Spatial overview of sequencing depth and gene detection.
a, b Spatial plot showing total UMI counts per spot in BM (a) and MB (b) samples. ¢,
d Spatial plot showing the number of genes detected per spot in BM (c) and MB (d)

samples.
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Fig. S2 Line plot showing the number of detected genes as the cumulative number

of spots increases in BM (a) and MB (b).
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Fig. S3 UMAP of integrated snRNA-seq nuclei colored by 4 different samples (two

replicates for both BM and MB).
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Fig. S4 UMAP of all spatial transcriptomic spots integrating BM and MB, with

BM in green and MB in blue.
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Fig. SS UMAP of unsupervised clustering; BM shown in transparent, MB in solid

color.
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Fig. S6 Pie charts showing the proportion of spots for each cell type in BM (a) and

MB (b) samples.



Fig. S7 The 14 DAP kernel phenotypes of BM and MB hybrids that were used for

Visium spatial transcriptome sequencing.
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Fig. S8 Bar plot showing the number of DEGs for each cell type compared to other

cell types.
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Fig. S9 Spatial expression patterns of transcription factor genes among DEGs.
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Fig. S10 Spatial expression patterns of well-curated marker genes across

different cell types.
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transcriptome analysis in B73 and Mo17 hybrids.



Coverage of informative SNPs in B73 v5 annotated genes
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Fig. S12 Informative-SNP coverage and analyzable-gene proportions.

a Numbers and proportions of B73 v5 annotated genes containing informative SNPs in
gene bodies or exons. b Visium analyzable genes by cell type, requiring >20 B73 +
Mo17 reads in both reciprocal crosses. ¢ snRNA-seq analyzable genes by cell type,
requiring >20 B73 + Mo17 reads in all four libraries. Bars show proportions relative to
annotated genes (annotated), genes detected across all Visium cell types (expressed), or
genes detectable in the indicated cell type (cell-type-detectable genes); n indicates the

number of analyzable genes.
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Fig. S13 Spatial plot showing the PMR value of each spot in the MB sample.
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Fig. S14 Bar plot showing the number of B73-sdASE and Mo17-sdASE genes

identified across different cell types.
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Fig. S15 UpSet plot and pie chart showing the overlap of ASE genes across
different cell types.

a UpSet plot and pie chart showing the overlap of Mo17-ASE genes across different
cell types in BM. b UpSet plot and pie chart showing the overlap of B73-ASE genes
across different cell types in MB. ¢ UpSet plot and pie chart showing the overlap of

Mo17-ASE genes across different cell types in MB.
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Fig. S16 UpSet plots and bar charts showing the overlap of ASE genes across
different cell types in the snRNA-seq data. a UpSet plot and bar chart showing the
overlap of B73-ASE genes across different cell types in BM. b UpSet plot and bar chart
showing the overlap of B73-ASE genes across different cell types in MB. ¢ UpSet plot
and bar chart showing the overlap of Mol17-ASE genes across different cell types in
BM. d UpSet plot and bar chart showing the overlap of Mol17-ASE genes across
different cell types in MB. For each cross direction, ASE genes were called per cell type

by intersecting the two replicates.
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Fig. S17 Spatial PMR map shows antagonistic ASE directions of

Zm00001eb026680 in the BETL, CZ and SE of BM.
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Fig. S18 Bar plot showing the number of unfiltered MEGs and PEGs identified in

each cell type.
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Fig. S19 Dot plot showing the terms of GO enrichment of MEGs (a) and PEGs (b).
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Fig. S20 a, b Metagene plot showing the CG methylation profiles for MEGs in BM

and MB. ¢, d Metagene plot showing the CHG methylation profiles for MEGs in

BM and MB.
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Meg1

Score Expect Identities Gaps Strand

1227 bits(664) 0.0 664/664(100%) 0/664(0%) Plus/Plus

Query 1 ATAGTATATATAAGTATACACTCTTCTAGGATCGGTCGTGAGGAGTTCCTTAACATTTCT 60

Shjct 141833941 AT%‘\C%A‘TA%A"FA#‘\C‘.T/‘\T/‘AC/‘\C | CT‘T&T}‘\GGATHCC‘,(AC ‘,T‘C‘,/‘%A(‘,AC‘,T‘JFC‘HT‘)\J\CJ\THTT‘C‘% 11183153
Query 61 TGCGACATGGAGTACAAAAAGAGGGTGGATGCGCTAGTGTTTTTCTCTTTACTTCTCCTA 120
Shict 14183451 TGCOACATCGACTACMAAGAGLGTGOATCOGTACIGTITICICITIACTICICCTA 14183513
Query 121 GGATACTTTGCTGCTCATGCGCATGGGAACGGTAAGTGAAAACTATACAGACATGTGTGT 180
Shict 14183514 GGATACTTTGCTOCTONTGOGATCUOAACOETANTEAAMETATACAGACATETGTAT 14183573
Query 181 GCATGCTTAGATAGTGTAGACAATTTAGAAGATGTTATTATATGATACCATGTGTGTATC 240
Shiet ISV GCATCCTTAGATAGTCTAGACAAFHHAGMATCTIATATATCATACCATCRGIGIAT 11153633
Query 241 ATGGCGAATTGCTAATATATCAAAATCCCCTATGTTAAATTACTCAAATAATTTGGACAT 300
Shiet 14183631 ATCGLGAATTCCTAMATATCAAMTCOCOTATETTAAKTIACTCAMARTTIOACKT 14183693
Query 301 ATCTACAAATGAGTAGATCTTTTGCTAAAATAATTTGGGATGTAATTATTCTCGAGGCAT 360
Shict 11183691 ATCTACAAATCACTAGATCTITTECTAMATANTTGAATCIAAT AT CGAGGCAT 10183753
Query 361 TTGTTGGTAACAGAACTCTTATCCTTTACCTTCTACTAGGTCATGTCACGGATGATGTCA 420
Shiet LA1SITSH TTCTTGTAACKARCTCTTATCUTITACCTICTACTAGOTCATETCACGOATGATETCA 14183813
Query 421 ATGTTTCTGCTCCAGCTGAAGAAGGAATTTTGCGAGAAAAAAGAGCACAATGCGCTCAAG 480
Shjct 14183814 ATJT%T&T%L+L%AC&T$A£(AAJCAA+TTTJé&A&AAAAAAAAéAL&AA#A&G&‘éAAA 14183873
Query 481 SCATGCAAAGATAACAAGTGCTAC CTCATGATT 540
Shjct 14183874 ‘CATééAAAéA%AACAAéTéC{A&] ‘A[lGGGGGCCGAALlLAléX}} 14183933
Query 541 GCTACTATACGATGGCTCAGTGTAGTCATGCATGCTTCTAATCAAAAATTAAGATCACTG 600
Sbjet 14183934 l %AéTATAC&A%&G&TéAéTéTAG#CATé&A%&C#T&%AA#éAAAAA#%AAJA+1Al+é 14183993
Query 601 TA ACAAlGIAAlGGlAGC(AAlCCl TAATAATACAT AGCCAAl AGTT 660

0
L] L L HHH L)
Sbjet 14183994 AlALAAlGIAAlGGlA(CL/\AIGLIAHA TAATACATAAGGGAATTTTAGTT 14184053

Query 661 TT?G 664

Sbjet 14184054 TTGG 14184057

Fig. S21 BLAST alignment of the Meg!I gene to the Mol17 T2T genome sequence.
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Fig. S22 Spatial PMR maps showing imprinting patterns.

a, b Spatial PMR maps showing imprinting patterns of the maternally expressed Nrpl
(Zm00001eb126890) in BM (a) and MB (b). ¢, d Spatial PMR maps showing
imprinting patterns of the maternally expressed Mez/ (Zm00001eb271490) in BM (c)
and MB (d). e, f Spatial PMR maps showing imprinting patterns of the Fie2

(Zm00001eb416950) in BM (e) and MB (f).
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Fig. S23 Spatial expression patterns of the maternally expressed Fiel

(Zm00001eb173090) in BM (left) and MB (right).
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Fig. S24 PMR information of Dedl.
a, b Spatial PMR maps showing imprinting patterns of the Dedl (Zm00001eb050770)
in BM (a) and MB (b). ¢, d PMR values of Ded! (Zm00001eb050770) across different

cell types in BM (c) and MB (d).



a

Zm00001eb323510
Zm00001eb387470
Zm00001eb212040
Zm00001eb211330
Zm00001eb274340
Zm00001eb309650
Zm00001eb304730
Zm00001eb063220
Zm00001eb261400
Zm00001eb304930
Zm00001eb270940
Zm00001eb421980
Zm00001eb397390
Zm00001eb163930
Zm00001eb028170
Zm00001eb057140
Zm00001eb356260
Zm00001eb252700
Zm00001eb417960
Zm00001eb220460
Zm00001eb276160
Zm00001eb084710
Zm00001eb206800
Zm00001eb415620
Zm00001eb015310
Zm00001eb030570
Zm00001eb037380
Zm00001eb310810
Zm00001eb114200
Zm00001eb281450
Zm00001eb095070
Zm00001eb408170
Zm00001eb000870
Zm00001eb252590
Zm00001eb303680
Zm00001eb160680
Zm00001eb177560
Zm00001eb410020
Zm00001eb369980
Zm00001eb404070
Zm00001eb043750
Zm00001eb330670
Zm00001eb387490
Zm00001eb249950
Zm00001eb241310
Zm00001eb130740
Zm00001eb047000
Zm00001eb398000
Zm00001eb169410
Zm00001eb035470
Zm00001eb013010
Zm00001eb177020
Zm00001eb133500
Zm00001eb167290
Zm00001eb281900
Zm00001eb040700

Fig. S25 Heatmap showing the imprinting status of PEGs (a) and MEGs (b) across
six endosperm cell types. Green check marks indicate imprinted genes in each cell
type, red circles denote non-imprinted genes with sufficient counts, black crosses

represent genes with insufficient counts, and “filter” indicates genes excluded by

filtering.
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Fig. S26 Spatial expression patterns of the paternally expressed Ippil

(Zm00001eb323510) in BM (left) and MB (right).
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Fig. S27 Spatial PMR plots of six imprinted genes in the EM.
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Fig. S28 Overview of coding genes and IncRNAs.

a Bar plot showing the numbers of identified IncRNAs and coding genes annotated in
the reference genome. b, ¢ Box plots showing transcript length (b) and exon length (c)
of IncRNAs and protein-coding genes. d Box plot showing cell-type specificity of

IncRNAs and coding genes.
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Fig. S29 Bar plot showing the number of IncRNAs available for ASE analysis in

each cell type of BM and MB.
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IncRNASs shown in red.
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Fig. S32 Spatial imprinting status of IncRNAs.

a, b Spatial PMR maps showing imprinting patterns of the maternally expressed
IncRNA-STRG.38589 in BM (a) and MB (b). ¢, d Spatial PMR maps showing
imprinting patterns of the maternally expressed /ncRNA-STRG.17426 in BM (c) and

MB (d).
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Fig. S33 snRNA-seq UMAP PMR plots showing imprinting status of the

maternally expressed STRG.38589 in BM and MB.
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Fig. S34 Haplotype-resolved single-nucleus pseudotime analysis and
developmental trajectory of maize endosperm in MB.

a Single-nucleus pseudotime analysis of MB endosperm nuclei using Monocle2. b
Distribution of the six endosperm cell types (AL, BETL, CZ, EAS, VE and SE) along
the snRNA-seq pseudotime trajectory in MB. ¢ Parental pseudotime difference
projected onto the MB snRNA-seq developmental trajectory. For each nucleus, the
parental pseudotime difference was calculated as the maternal-allele—derived

pseudotime minus the paternal-allele—derived pseudotime.
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