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Objective: Create a high-resolution integrated single 
cell and spatial multimodal atlas of the human kidney in 
health and disease across lifespan

PCEN

A collection of morphological and molecular maps
• understand vital functions of the kidney
• create knowledge to prevent kidney injury and 

recover from it



Overview • Quality assurance and control
• Follow the tissue pipeline

• Assay / Data Harmonization
• Bridges across data types and rigor

• Examples showing cross-species integration
• Cellular diversity and injury time course

Many assays, 
Many institutions



Metadata and Nomenclature: Quality Control
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Process Choices Challenges
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Mechanical
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FACS, Manual, 
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depth, 
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Normalization, 
Filtering

Commercial 
PCA, tSNE, 

UMAP

ISH, IF, 
Orthogonal
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Metadata,  
Limited 
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Integrity, 
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Cost

Batch effects, 
data quality

Variability 
Clustering 
Annotation

Reproduci
bility, 
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Big Data, 
Visualization

QA/QC at each step

F.A.I.R

Jain, Current Opinion in 
Nephrology & Hypertension, 2023



Process: QC Pipeline, Standardization

VARIATION

Biological

Technical

Random 
QC

Reproducibility

Rigor

Transparency

QUALITY CONTROL
El-Achkar…Jain, AJP, Phys Genomics, 2021
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Distal 
ureter Proximal

ureter



Assay Integration and Data Harmonizaton



Participant clinical data
Tissue quality
Tissue data
Technologies snRNAseq snATACseq smFISH DART-FISH 10X Visium CODEX 3D IF Light sheet (LS)

Assay
RIN>7, Tissue affixment 
without folds or overlap, 

library size >400 bp

Ab test each lot on 
Nx using confocal 
IF

Sequencing / Imaging
Housekeeping 
gene feature 
counts

RNA staining intensity, 
backgroud baseline

Q30 score > 90%; 
Reads mapped to Exons 
>30%; image inspection

Signal quality (dynamic 
range), probe carry-over, 
artifact detection

Signal quality (dynamic range), 
spectral unmixing accuracy, 
SHG and autofluorescence 
imaging

Verification of 
clearing by confocal 

400>genes<7500 non 
mitochondrial

>1000peak count 
per cell<100,000 # features / mm2 10^4 rolonies / mm2 Reads >50% map to

spots under tissue
 Confirm antibody 

penetration with 
prescan

# cells (nuclei) passing 
QC > 100

fraction reads in 
peaks >0.2

# features / 
nucleus 5<#rolony<30 / nucleus Fiducial alignment

minimum #cells to call a 
cluster - 30

>200 accessible 
peaks in >49 nuclei

2<#genes<20 / 
nucleus reads/spot >20K

check for data loss 
post compression 
of raw data

genes/cell QA > 500 TSS enrichment > 2 Fraction 
decoded 60% rolonies decoded genes/spot QA > 500

doublet detection rate QA 
< 10%

# features / spot 
/ gene # features / spot / gene Total genes detected 

>10K

# clusters or cell types > 5 Nuclear 
segmentation

Nuclear segmentation, 
poly-T (total cDNA)

# clusters or cell types 
mapped > 5

Assay drift controls house keeping genes
psfs confirm 
clearing and 
instrumentation 

Software used Cellranger arc; HIVE 
snRNA-seq Pipeline

Cellranger arc; HIVE 
snRNA-seq Pipeline

Esper Spatial 
Studio software in house python code cloupe browser, R, 

giotto, vitessce
Arevis, ZEN2 
(Blue), Imaris, MFB

Data or file types FASTQ FASTQ tif, tsv FASTQ, BAM, tif tif tif, lif CZI, JP2000, OME-
TIFF, xml

Leica LASX or CODEX processor and ImageJ with VTEA

Identifiying ~3-10k cells per 1 mm2.  Consistent 
segmentation and neigborhoods in reference tissue.

Spatial, cell-type and neighborhood correlation between 
sequential sections of CODEX, 3D IF and 10X Visium.

Nuclear segmentation (F1 score), cellular density and 
distribution on experimental tissue.

Q30 score > 80%; > 60%reads mapped; phiX 
spike (mapping errors, phasing/rephasing, 

reagents) 

Post sequencing cells,
genes, clusters / 
imaging features

 

Nephrectomy tissue every 8th run, L-J plots Nx every run, house keeping genes

Demographics, comorbidities, social history (alcohol, tobacco, rec drugs), active medication categories (diurectics, ACE/ARB inhibitors), general health prior to current circumstances
gross pathology, microscopic composition (%cortex, % outer and inner medulla, papilla, non kidney components), age appropriate glomerulosclerosis, eGFR > 60, HbA1C <6.5, mild to no tubulointe      
warm ischemia (<30min Nx, Bx < 10min, Deceased donor <1h down time); cold ischemia time (<36h, perfused), Cold thaw cycles (-80 to -23 C), Storage temp tracking, quantity usage log 

Instrument callibration Pass

Visual tissue quality assessed via brightfield imaging 
(10X), adjacent PAS staining.  Microscope QA with 
ArgoLight based microscope assessments (lamp or laser 
stability, SNR, resolution), labelled antibody lot testing.

nuclei > 1000; cDNA > 20ng; library size 200 – 
1000bp

cell type classification/cluster predicition (Shilouette 
analysis,Elbow plots)

Image intensity, segmentation and classification of Nx 
tissue visualized with L-J plots

Assay and Analytic Standardizations: Metadata



Assay Performance Controls (drift over time)
Experimental Design: 

Assay QC 
(Levey-Jennings plots)

(Multiome Only)

QC Material D_080Multiome (RNA + ATAC):
229,780 nuclei
27 individuals
40 samples

+2SD

-2SD

Cutoff

Mean TSS Enrichment (per nucleus)

+2SD

-2SD

Cutoff
Cutoff

Mean Genes (per nucleus)

Add a control sample every 
batch, or at any change in 

the pipeline



Assay and Analytic Standardizations: Cell 
Nomenclature (ASCT+B Tables)

Anatomical Structures

Evidence - DOI

Reviewers

Uberon

Cell Types names Cell Type ontology Biomarkers HUGO (standardize)



Integrated Atlas across Technologies, 
Institutions and Consortia



KIDNEY PRECISION MEDICINE PROJECT

DOI: 10.1101/2021.07.28.454201; Nature in press

Not healthy reference
degenerative / damaged / dysfunctional

marked loss of differentiation markers, and/or 
increased %ERT, %MT, and/or marked decrease in 
genes detected. These cells could represent an early 
injury state or cells that will not recover function due 
to severe injury

adaptive / activated - stromal 
represented by cells that are differentiating or have 
differentiated into high ECM producing 
myofibroblasts or activated fibroblasts

represented by cells that retain differentiation 
markers of reference states, albeit at lower levels, 
but also show expression of known injury associated 
genes, mesenchymal markers or factors promoting 
inflammation or fibrosis

Basile et al. (2016). J Am Soc Nephrol, 27: 687–697
Docherty et al. (2019). JASN, 30, 726-736
Ferenbach & Bonventre (2015). Nat Rev Nephrol 11, 264–276
Miller and Zachary. (2017). Path. Basis of Vet. Dis.,2-43.e19
Ronco et. al. (2019). Lancet, 394(10212):1949-1964

Data supported definitions: How to 
identify healthy cells?

Altered state
Dedifferentiation

Mature Functional
State

Transporters
UMOD, EGF, ESRRB TF

EMT genes
TGF-β/SMAD pathway

MAPK (JNK) pathway
JAK/STAT pathway

Rel/NF-kB pathway
EGF/Wnt/Notch pathways

Cell annotations-ASCT+B tables doi: 10.48539/HBM325.PTQS.258
doi:10.1101/2021.05.31.446440

adaptive / successful or failed repair - 
epithelial injury



Collection of multi-modal maps of human kidney

Assay & Data Integration
(Layering of emerging information)

Biopsy
(or Nx, DD)

Atlas v1
Cell types/states

Cellular Neighborhoods



Kidney Cell Atlas Overview: Technologies + Data Integration

BRIDGES



Cross-species mechanistic insights

Mapped to snCv3 using Seurat v4
 Can resolve many more cell types using human atlas dataBlue Lake

4h to 6 weeks 
IRI model

Standardized annotations as a bridge



Integrating mouse IRI time course with human atlas

Persistent adaptive FIB and MYOF
Persistent repairing aPT and aTAL (Failed Repair?) 

FIB

aTAL2

aTAL1



How to use it: Cross Collaborative Tools
Azimuth reference Cell Types and States Atlas Explorer ASCT+B

Explore genes, cell 
types, correlating 
with clinical data

Identify cell 
types in your 
own dataset

Gene expression 
across multiple 

technologies and 
kidney space

Standardizing 
cell type 

nomenclature 
and markers> 200 downloads of integrated 

analytics before publishing!
https://cellxgene.cziscience.com/collections/
bcb61471-2a44-4d00-a0af-ff085512674c

https://doi.org/10.48539/HBM248.CBJV.556

https://hubmapconsortium.github.io/cc
f/pages/ccf-anatomical-structures.html

https://azimuth.hubmapconsortium.org/ https://atlas.kpmp.org/explorer/

https://doi.org/10.48539/HBM248.CBJV.556
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html
https://azimuth.hubmapconsortium.org/
https://cellxgene.cziscience.com/collections/bcb61471-2a44-4d00-a0af-ff085512674c
https://atlas.kpmp.org/explorer/
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Thank You!
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