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Supplementary Figures 

 

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. c, 

d Spatial plot showing the number of genes detected per spot in BM (c) and MB (d) 

samples. 

  



 

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

of spots increases in BM (a) and MB (b). 

  



 

Fig. S3 UMAP of integrated snRNA-seq nuclei colored by 4 different samples (two 

replicates for both BM and MB). 

  



 

Fig. S4 UMAP of all spatial transcriptomic spots integrating BM and MB, with 

BM in green and MB in blue. 

  



 

Fig. S5 UMAP of unsupervised clustering; BM shown in transparent, MB in solid 

color.   



 

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. 

  



 

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

cell types. 

  



 

Fig. S9 Spatial expression patterns of transcription factor genes among DEGs. 

  



Fig. S10 Spatial expression patterns of well-curated marker genes across 

different cell types. 

  



 

Fig. S11 The workflow of spaceASE to conduct allele-resolved spatial 

transcriptome analysis in B73 and Mo17 hybrids. 

  



 

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. c 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. 

  



 

Fig. S13 Spatial plot showing the PMR value of each spot in the MB sample. 

  



 

Fig. S14 Bar plot showing the number of B73-sdASE and Mo17-sdASE genes 

identified across different cell types. 

  



 

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. c UpSet plot and pie chart showing the overlap of 

Mo17-ASE genes across different cell types in MB. 

  



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. c UpSet plot 

and bar chart showing the overlap of Mo17-ASE genes across different cell types in 

BM. d UpSet plot and bar chart showing the overlap of Mo17-ASE genes across 

different cell types in MB. For each cross direction, ASE genes were called per cell type 

by intersecting the two replicates. 

  



 

Fig. S17 Spatial PMR map shows antagonistic ASE directions of 

Zm00001eb026680 in the BETL, CZ and SE of BM. 

  



 

Fig. S18 Bar plot showing the number of unfiltered MEGs and PEGs identified in 

each cell type. 

  



 

Fig. S19 Dot plot showing the terms of GO enrichment of MEGs (a) and PEGs (b). 

  



 

Fig. S20 a, b Metagene plot showing the CG methylation profiles for MEGs in BM 

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

BM and MB. 

  



 

Fig. S21 BLAST alignment of the Meg1 gene to the Mo17 T2T genome sequence. 

  



 

Fig. S22 Spatial PMR maps showing imprinting patterns. 

a, b Spatial PMR maps showing imprinting patterns of the maternally expressed Nrp1 

(Zm00001eb126890) in BM (a) and MB (b). c, d Spatial PMR maps showing 

imprinting patterns of the maternally expressed Mez1 (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). 

  



 

Fig. S23 Spatial expression patterns of the maternally expressed Fie1 

(Zm00001eb173090) in BM (left) and MB (right). 

  



Fig. S24 PMR information of Ded1. 

a, b Spatial PMR maps showing imprinting patterns of the Ded1 (Zm00001eb050770) 

in BM (a) and MB (b). c, d PMR values of Ded1 (Zm00001eb050770) across different 

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

  



 

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. 

  



 

Fig. S26 Spatial expression patterns of the paternally expressed Ippi1 

(Zm00001eb323510) in BM (left) and MB (right). 

  



Fig. S27 Spatial PMR plots of six imprinted genes in the EM. 

  



Fig. S28 Overview of coding genes and lncRNAs. 

a Bar plot showing the numbers of identified lncRNAs and coding genes annotated in 

the reference genome. b, c Box plots showing transcript length (b) and exon length (c) 

of lncRNAs and protein-coding genes. d Box plot showing cell-type specificity of 

lncRNAs and coding genes. 

  



 

Fig. S29 Bar plot showing the number of lncRNAs available for ASE analysis in 

each cell type of BM and MB.  



 

Fig. S30 Chromosomal distribution of ASE lncRNAs, with maternally expressed 

lncRNAs shown in red. 

  



 

Fig. S31 IGV plot showing allele-resolved CG and CHG methylation levels of the 

Mez1 and STRG.27146 loci in reciprocal hybrid embryos. Red and blue tracks 

indicate maternal and paternal alleles, respectively. 

  



Fig. S32 Spatial imprinting status of lncRNAs. 

a, b Spatial PMR maps showing imprinting patterns of the maternally expressed 

lncRNA-STRG.38589 in BM (a) and MB (b). c, d Spatial PMR maps showing 

imprinting patterns of the maternally expressed lncRNA-STRG.17426 in BM (c) and 

MB (d). 

  



 

Fig. S33 snRNA-seq UMAP PMR plots showing imprinting status of the 

maternally expressed STRG.38589 in BM and MB. 

  



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. c 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. 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



