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Study on cell population composition of Rehmannia glutinosa tuberous roots
based on spatial transcriptomics
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Abstract: Objective Using cultivar 85-5 as the experimental material, Stereo-seq spatial transcriptomics technology was
employed to analyze the in situ gene expression patterns of tuberous roots, thereby revealing the spatial heterogeneity of gene
expression in root cells. Methods The optimal permeabilization duration was determined by fluorescence intensity and grayscale
quantification, and the best bin resolution was identified by comparing gene detection efficiency and cell clustering performance
across multiple parameter groups. Principal component analysis (PCA) and uniform manifold approximation and projection
(UMAP) were used for cell clustering. Cluster-specific differentially expressed genes (DEGs) were identified using the Seurat
package, and qRT-PCR was performed to validate the reliability of spatial transcriptomic data. Results The optimal
permeabilization time for frozen sections of R. glutinosa tuberous roots is 18 min, and a bin size of 200 is more suitable for the
analysis of macroscopic cell populations in R. glutinosa tuberous roots. Root cells of R. glutinosa were classified into five distinct
populations with unique spatial localization via PCA and UMAP. Specifically, clusters 1 and 2 were predominantly distributed in
the phloem, cluster 3 in the periderm, and cluster 4 in the cambium. The qRT-PCR verified that gene DH2020-016897 was
specifically expressed in the periderm, whereas DH2020-009767 and DH2020-009768 exhibited predominant expression in the
cambium. Conclusion In this study, we established a high-resolution spatial transcriptomic atlas of R. glutinosa tuberous roots,
delineating spatial distribution patterns of individual cell clusters and the expression profiles of key genes. These findings provide
a fundamental resource for exploring tuberous roots development, secondary metabolite biosynthesis, and spatially resolved
molecular regulatory networks underlying stress responses in R. glutinosa.
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CID-a synthetic nucleic acid sequence used to encode spatial positional information; MID-a nucleic acid tag used to label sequences captured from sample

tissues; distinct mRNA fragments derived from the same original molecule carry the same MID; Insert-an mRNA fragment captured by the chip.
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Fig. 1 Schematic diagram of Stereo-seq sequencing library structure
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%1 qRT-PCR 3|¥IFFIHEES
Table 1 Primer sequence for qRT-PCR

Y L35I (5°-3) B (5°-3) P38 BEK/Mbp
RgTIP41 TGGCTCAGAGTTGATGGAGTG TCTCCAGCAGCTTTCTCGGA 105
DH2020-016897 TGACTGAAACTAAGAGCGACG TTGCACTTGTGCTTATGATGC 187
DH2020-009767 GTGGACGAGAGAGTTGTTCC CCGAGCAAGAGTAGTGGATG 127
DH2020-009768 GTCCCCAACGATACGAGAAA TCCACAATTTCCACCGAGTG 127
DH2020-026044 CAAGATGTACCCAGGCTTGA CAGAGCCCAGTCATCTTTGG 196
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Fig.2 Fluorescence images of Rehmannia glutinosa root slices permeabilization
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Table 2 Sequencing coverage at different Bin sizes

Bink/h HBin'FEEB L HBini B i El MBinTHHERRRL  HBindRARI P HBin'FYMIDE  HBin MIDE 73

20 979 884 4.94
50 5995 5493 19.60
200 89 545 82902 200.00

4 7.61 7
18 46.14 42
196 687.00 641
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Fig.3 Heatmap of gene expression in different bins
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A-dimensionality-reduction clustering plot; B-spatial clustering mapping of tissue sections.
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Fig. 4 Results of cell clustering analysis with three Bin sizes
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Table 3 Top 30 highly expressed genes in cluster 15 at Bin 50 based on SAW analysis
BERID  FHISMLog2E R FEREISTHIIRIEL SERHR Sk
DH2020-011291 1.927 0.094 Tl EA
DH2020-032065 1.855 0.065 MLPHI % 1134
DH2020-009468 1.009 0.056 T & G
DH2020-016934 1.708 0.049 UL
DH2020-046079 1216 0.046 60S WM KT FHRL19(60 S ribosomal protein L19, RPL19)
DH2020-045931 1.861 0.041 K hEF41 (receptor-like protein 41, RLP41)
DH2020-029306 0.904 0.042 BB A0 4 F) 3 (Zine-finger reverse-transcriptase domain, zf-RVT)
DH2020-005306 1.253 0.045 LR RIRERA
DH2020-016900 1.248 0.038 40K R IR /N2 B2 S8
DH2020-012474 3918 0.032 Bet v IZ MMM EE A (Bet v 1 family pathogenesis-related protein 10, PR-10)
DH2020-002687 1.573 0.026 UG R A BE 2R IR R S 2
DH2020-043566 1.022 0.027 408 BiE{R /N B [9S3a (408 ribosomal protein S3a, RPS3A)
DH2020-011335 1.402 0.016 T &G
DH2020-021884 1.586 0.018 i NeprosinZi! K X R ARINSm S K (R 45H480)
DH2020-046040 1.468 0.012 i DEAD-box K i (fJATPK i U RNAR# EMF24 (DEAD-box ATP-dependent RNA
DH2020-002526 1.797 0.014 A R R R AR
DH2020-030910 2259 0.009 JE 5 o P TR PR 2 1 7 4
DH2020-032294 1.207 0.009 T M T AL B4 B X ey T B P 7
DH2020-032343 2.255 0.009 RNAKHIHERNAE A i1
DH2020-020089 1.749 0.008 R LA FBIEH TS5 (calmodulin-binding transcription activator 5, CAMTAS)
DH2020-013556 1.977 0.008 X i) ¥ %38 & I SWEET 14
DH2020-019160 2.605 0.006 T & B
DH2020-004207 2.935 0.006 AR SRS ED
DH2020-016652 2233 0.006 FREOAHEEHBE
DH2020-002068 2472 0.006 2 5 W R R 1 W fray
DH2020-039921 2173 0.005 B FU2AFP T EA
DH2020-008195 1.658 0.005 FMAREABRD21IA
DH2020-046003 2.127 0.005 FKBP ik A [ 2 7 F g
DH2020-014408 2.142 0.005 CBLEfE £ &R/ &R & A 24
DH2020-010393 1.708 0.005 6OSERMM MR R T (PEAKIK)
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A-statistics of total UMI counts and spatially detected gene numbers; B-violin plot.
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Fig. 5 Statistical analysis of gene expression matrix (Bin 200)
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A-cell clustering results; B-spatial distribution of cell clusters in the sample; C-spatial locations of three cell clusters in the sample. Different colors

represent cell clusters with distinct functions, and the distance between cell clusters indicates the correlation degree among their expression profiles.
6 UMAP B RZARRER 4SRN R A R R IR A B R B0 == (81 HE
Fig. 6 UMAP-based cell clustering and their spatial distribution in tissue sections of R. glutinosa tuberous roots
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Table 4 Description and functional annotation of differentially expressed genes

B FEKID

e Rt SR

0 DH2020-036795

DH2020-002052
DH2020-043333
DH2020-009468
DH2020-002486
DH2020-003933

3 DH2020-016897

DH2020-023451

DH2020-040133
DH2020-009767
DH2020-009768
DH2020-026044
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W B BRI E 1 (PR-10) mRNA, FREE S HHE 0B . MhiaiE s

I AEE AT VAR F e TFINB B A [ 8 1

PR TE [R]E 2 F 804 A FE [X]

R SMIIE- 9 VR -TE BR B A BE 1 (exonuclease-endonuclease-phosphatase family protein, EEP)

552 BRY SH 12 [R5 F0 A 5 A2 W A% R il
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500 A B 7000028 11 [F] R
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A-bubble plot of differentially highly-expressed genes; B-violin plot of differentially highly-expressed genes.
7 ERSTEERFTIESMHE (Bin 200)
Fig. 7 Expression distribution plots of differentially highly expressed genes (Bin 200)
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