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Methods and Materials ~_ Discussion
* Single-cell RNA-seq (scRNA-seq) reveals ||| This Shiny app, built in R (2,000+ code lines, runs via RStudio), was developed and tested on 10x Genomics kidney cancer data (ICB therapy). It covers * High-variance genes (HVGs) enriched in
cell-level transcriptomic variation critical | || six steps: from data upload to HVG identification and functional enrichment (GO/KEGG via GSEA & ORA). While tested on kidney cancer, it’s adaptable PD cells suggest an immune-evasive and
for understanding disease ||| to other datasets and diseases. Enables cell-type-specific HVG detection and pathway analysis. fibrotic tumor environment .
ml.croenv.lron.mer.\ts. 1. Upload file. 2. Metadata Merge 3. Preprocessing 4. Inclusion 5. HVGs identification| || 6. Functional analysis * GO and KEGG analyses. con5|sten.tly
* This application is developed and tested ||| ... T | e ————— revealed extracellular matrix remodeling
using kidney cancer scRNA-seq data (10X ||| ‘o wooe e e e oo o | e _ (e.g., COL1A1, FN1, SPARC) via terms like
Genomics, ICB-treated); adaptable to ||| “wemee=ree= Choose min.celsfor Seurat oblectoreaton: || vresreron S e K—— ECM-receptor interaction and focal
other diseases with similar input 3 e E—— adhesion, pointing to enhanced structural
structure  (matrix, genes, barcodes, ||| T——— Merge Metadata & Create Seurat Object w e — I e —— barriers against immune infiltration 2,
metadata). e Morged Summans ot 1™ 5 | ¥ e e Complement-related and  humoral
+ Identifying HVGs within subpopulations ||| o e . | ot mumber of HVGs o - immune genes (C3, C1QA, IGHAL) imply
(e.g., non-responder, responder, tumor i”fj""s?:f,‘;‘;ii‘}zifiil‘;gj{ged £ Dropdown menu appears identify chronic inflammation and immune
or immune cells) highlights genes lf izlt?'?xd(fﬁi:) j IL—JI:ZS; 2Iellxstaadcaotlz r:.nor:unrzr;:; H%/G\g:siﬁ; download jSeStEcAquog?g c;re\ r:seos/eKtEscisZcZ dysfu!'nctiorl, .while chemokine and
involved in resistance mechanisms, o genes (tsv), .4 Set min. cells per gene . Set filters . Selects specific values 1 Show top features (e.g. ] Download results & plots cytokine signaling terms suggest altered
e Combined with other gene lists (e.g., 7 View files | .< Remove unmatched cells . View summaries & plots selected cells count above C|ou(’j' bubble, chord * Notably, leukocyte migration and antigen
from DEA), HVGs help isolate informative presentation pathways (CXCL10, HLA-
genes for building predictive ML/DL Results DRB1) indicate ongoing immune activity,
models. Data Import to HVG Identification (Step 1-5) Functional Enrichment Analysis (Step 6) yet pot.entiaIIy(4i)neffective, consistent with
* The tool simplities metadata-driven || pfiq, uploading and integrating the scRNA-seq data, and || Functional analysis of HVGs in progressive disease (PD) cells revealed enriched GO ||| | K;]B re5|.sta.n:]e .I' th hani :
analysis, enabling rapid insights into cell- metadata, quality control filtering and normalization reduced | terms and KEGG pathways linked to extracellular matrix structure and immune T e>€ SIS tsi a.lgn Wltd mec. ani>ms (.)
type-specific biology relevant to drug | qise and improved data consistency. Interactive cell selection | processes. GO terms included collagen-containing extracellular matrix, structural 'mmune ef:dusmn and _ resistance in
discovery. based on metadata allowed focused analysis on specific biological | molecule activity, complement activation, and humoral immune response. KEGG Note:eg—(()‘”grg:rstf:::)/ISr—coI(jedr]'ce?r}n/sci:naa?ﬁnec':.onaIanalysis plots

Objective groups. From the filtered subset, highly variable genes were | pathways such as ECM-receptor interaction, focal adhesion, and cytokine-cytokine

To devel . . iatf ; identified, representing key drivers of transcriptional variability || receptor interaction were also enriched. Notable HVGs associated with these
0 develop an Interactive platiorm Tor | o ..¢ the selected cells and forming the basis for downstream | pathways included COL1A1, FN1, MMP2, C3, IGHM, and IL1B.
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. Outliers removed; distributions show cleaner Distributions stabilized; expression metrics now Figure 11. Top 50 HVGs table. Alongside the plot, top HVGs are shown with key Figure 14. Bar plot for KEGG pathways (via ORA). Functional categories enriched in PD HVGs include chemokine signaling, cytokine S a re ge n es

fil K tri bl I int i d anti . olicating | ) q infl t ienali der ICB resi mapped to GO terms including collagen-containing ECM, complement activation, and immune response.
profiles across key metrics. comparable across cells. gene-level statistics. interaction, and antigen processing—implicating immune evasion and pro-inflammatory signaling under resistance. Notable genes (e.g., COL1A1, €3, IL1B) suggest matrix remodeling and immune dysfunction.
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Rank Gene Mean Variance VarianceStandardized

1 1GLC2 18.37 65292.78 9.82 Viral myocarditis
\ Th17 cell differentiation
2 IGKC 37.21 224272.35 9.28 Protein digestion and absorption
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3 MGP 0.77 36.79 9.05 PI3K-Akt signaling pathway
‘ Toxoplasmosis
4 IGHA1 9.25 19616.02
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