
 

SUPPLEMENTARY INFORMATION 

 

Spatial Transcriptomics Uncover Sucrose Post-Phloem Transport During Maize Kernel 

Development 

 

Yuxin Fu1,2,3#, Wenxin Xiao1#, Lang Tian1, Liangxing Guo2, Guangjin Ma2,4, Chen Ji2,4, 

Yongcai Huang2,5, Haihai Wang2, Xingguo Wu1, Tao Yang2,5, Jiechen Wang2, Jirui Wang3,5, 

Yongrui Wu2*, Wenqin Wang1* 

 

 

 

 

 

 

 



 2 

 

Figure S1. Overview of the spatial transcriptomic study.  

a. Developmental kernels at three time points of filling stages are included. Time points are 

defined as 12, 18 and 24 days after pollination (DAP). 

b. Experimental procedure: ① The sample is subjected to embed, section, fix, hematoxylin & 

eosin stain and image. The capture area of Visium chip has a side length of 6.5 mm. Each 

square area includes 5,000 barcoded spots with a diameter of 55 μm. Each spot contains 

millions of oligonucleotides that are unique to that spot; ② Spatial transcriptomics profiling 

includes library construction, sequencing and bioinformatically clustering; ③ Verification 

using RNA in situ hybridization; ④ Generating spatial gene expression atlas. 
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Figure S2. Light microscopy of semi-thin kernels at 10, 14 and 18 DAP. 

a, 10 DAP; b, 14 DAP; c, 18 DAP.  

The histological images show the maternal-derived regions: placento-chalazal (PC) and 

pericarp (PE); the endosperm compartments: basal endosperm transfer layer (BETL), 

conducting zone (CZ), starchy endosperm (SE), vitreous endosperm (VE), aleurone (AL); and 

the embryo regions: scutellum (SCU) and embryo meristem (EM). Scale bar is 2 mm.  
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Figure S3. Storage metabolite accumulation and cell size measurement during maize 

endosperm development 

a, Longitudinal free-hand sections of developing W64A kernels. The double-headed arrow line 

indicates the regions across the endosperm where semi-thin section is checked. Scale bar is 2 

mm. 

b, Light microscopy of semi-thin sections for the developing W64A endosperms at 10, 14, 18, 

24 DAP. Scale bar is 500 µm.  
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Figures S4. The analysis pipeline for spatial transcriptomic study. 
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Figure S5. The density of expressed genes and transcripts in a spot. 

a. The number of expressed genes in a spot.  

The y-axis represents the number of genes expressed in a spot.  

b. The spatial distribution of expressed genes on the sample sections.  

c. The numbers of RNA molecules with Unique Molecular Identifiers (UMI) in a spot.  

The y-axis represents the number of transcripts in a spot.  

d. The spatial distribution of the unique transcripts in the sample sections.  

The color changes gradually from green, yellow to red when the density gradually increases. 

 

 

 

 
 

Figure S6. Pearson correlation among samples. 

Scatterplot showing Pearson correlation between aggregated gene counts from samples. The 

biological replicates (S18D_1 and S18D_2) show the best correlation compared to what was 

observed for the other samples. 

a. Scatterplot of S18D_1 and S18D_2.  

b. Scatterplot of S18D_1 and S12D_1.  

c. Scatterplot of S18D_1 and S24D_1.  

d. Scatterplot of S12D_1 and S24D_1.  

 

 



 7 

 

 
 
 
Figure S7. Representatives of marker genes defined by spatial transcriptomic data in the 

tissues of pericarp, embryo and endosperm.  

The left panel (e.g., a-PE) provides an overview of the 25 cell populations, while the right 
panel (e.g., a-PE) displays a snapshot of the spatial expression of marker gene. The 
abbreviations PE, SCU, EM, SE, and VE correspond to pericarp, scutellum, embryo meristem, 
starchy endosperm, and vitreous endosperm, respectively. 
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Figure S8. The defined clusters after dimensional reduction. 

The 25 clusters from dimensional reduction are mapped back to tissue sections, showing their 

location on the kernel. Each dot in the figure represents a tissue spot containing one to three 

cells. The clusters are distinguished by different colors. 

 

 

 

 
 

Figure S9. Summary of gene expression in kernel compartments. 

a. The gene numbers expressed at different level (based on UMI index) in kernel compartments.  

b. The gene numbers of protein coding genes and transcription factors (TF) in kernel 

compartments. 
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Figure S10. The gene co-expression networks using WGCNA in maize kernel.  

a. Gene clustering dendrogram. 

b. The correlations between detected modules and kernel compartments hierarchically 

clustered based on Euclidean distance. The progressively saturated red colors indicated higher 

overlap among the functional modules. 

 

 

 
 

Figure S11. Pairwise Pearson correlation analysis over kernel compartments. 
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Figure S12. Representatives of electronical RNA in situ hybridization using known 

markers that are consistent with the previous studies (Li, 2014; Zhan, 2015).  

We selected one marker from each compartment as following except EM, PC and PE due to 

unavailability from other research: AL9 in aleurone (Zm00001d012572); CWIN2 in BETL 

(Zm00001d003776); FL3 in CZ (Zm00001d009292); SWEET14a in EAS (Zm00001d007365); 

ESR2 in ESR (Zm00001d027819); ACCase in SCU (Zm00001d004125); SS2 in SE 

(Zm00001d000002); O2 in VE (Zm00001d018971). 
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Figure S13. Representatives of electronical RNA in situ hybridization using newly defined 

markers.  

We selected one marker from each compartment as following: non-specific lipid-transfer 

protein in AL (Zm00001d007299); potassium transporter in BETL (Zm00001d036784); 

sorbitol dehydrogenase in CZ (Zm00001d031727); phosphate transporter in 

EAS(Zm00001d018445); subtilisin-chymotrypsin inhibitor in EM (Zm00001d035683); 

acanthoscurrin in ESR (Zm00001d011340); MAD in PC (Zm00001d023955); 

glycosyltransferase in PE (Zm00001d040075); aquaporin in SCU (Zm00001d002952); 

hexokinase in SE (Zm00001d039512); unknown function in VE (Zm00001d022715). 
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Figure S14. The phylogenetic tree for sucrose transporters (SUTs).  

The phylogenetic tree was constructed on MEGA11 using amino acid sequences of SUT1, 

SUT2, SUT3, SUT4, SUT5, SUT6 and SUT7 with default parameters. 

 
Figure S15. The sequence alignment of SUT1 and SUT7.  

a. Protein sequence alignment using MEGA11 with default parameters. 

b. cDNA sequence alignment using MEGA11 with default parameters. The sequences 

highlighted with yellow indicate RNAi targeting region. 
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Figure S16. The quantification of SUT gene family using qRT-PCR.  
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Table S1. The technology comparison of quantifying gene expression using next-

generation sequencing in plant science. 

 

 
 

 

 

 

 

Table S2. The statistics of sequencing data. 

Raw reads mean the numbers of generated reads from captured tissues. Reads/Spot indicates 

the number of reads per spot using barcode linkage. nUMI means the number of unique 

transcripts per spot identified by unique molecular identifiers (UMI). nGene is the number of 

detected genes per spot. Mit is the sequence percentage from mitochondria. Spots mean the 

spot number with reads because not all spots have mounted tissue cells in the capture area, 

leaving ~50% empty out of the total of 5,000 spots. 
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Table S3. The summary of marker genes for 25 clusters from Spatial transcriptomics 

and the literature including RNA-seq from manual dissection or laser microdissection, 

as well as experimental in situ hybridization. 
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Table S4. Spot number in clusters after dimensionality reduction. 

The number is the spot number within the corresponding cluster. 

 

 
  

 

 

Table S5. GO enrichments for WGCNA modules. 
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Table S6. The comparison of defined markers between LCM and Spatial transcriptome. 

The markers from previous study of laser-capture microdissection (LCM) was utilized from 

Zhan et al. 2015. 

 

 
 

 

 

 

Table S7. Primers for RNA in situ hybridization. 

 

 
 

 

 

Table S8. Primers for qRT-PCR. 
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Exploring the online resource and visualizing electronical RNA in situ hybridization 

The website (http://119.78.67.206:3838/) is dedicated to visualizing electronical RNA in situ 

hybridization images of the tissue sections from the maize inbred line W64A. On the main 

interface of the webpage, you will find a demonstration examples that utilizes known marker 

gene. 

 

To retrieve specific electronical in situ images, simply enter a gene ID (e.g., Zm00001d012572) 

into the search box. After submitting the gene ID, it may take approximately 10 seconds to 2 

minutes, depending on your internet connection, to retrieve the results. You will receive four 

electronical in situ images corresponding to different developmental stages of the maize kernel. 

 

The "slice1" image represents the maize kernel at 12 days after pollination (DAP), while 

"slice1.1" and "slice1.2" are two biological replicates, representing the maize kernel at 18 DAP. 

Additionally, "slice1.3" represents the maize kernel at 24 DAP. 

 

Please note that the gene ID used is based on the B73v4 reference genome. If you have gene 

IDs from other versions, please visit maizeGDB to convert them accordingly. 

 


