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What is the pipeline (with tools) to
obtain counts by features metrics
for single-cell transcriptomics

data?




Workflow of obtaining read counts

Tissue Library 1 Sequencing  mmmmmmmmmeeeee o Space Ranger Pipeline

Sample Libraryl S1 1001 R1 001.
Libraryl S1_L001 R2 001.

=) — SI-TT-AT X Libraryl S1 1001 I1 001.
~§:§ BCL 2;7 Libraryl S1 L0O01 IZ 001.

i7/i5 dual index [ i % mkfastq Library2 S1 L1001 R1 001.
Library? s1_L001 R2 001.

/;;7 ( ) 0! J \t:A Library2 S1 L001 I1 001.
> SITT-A2 = . = Library2 S1 LO01 I2 001.
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Lane, Sample, Index Library2 S1 L002 Rl 001.

1,Libraryl, SI-TT-Al Library? S1 1002 R2 001.

1-2,Libraryz,SI-TT-A2  rpiprary2 s1 1002 _I1 001.

Library 2 Library2 S1 L002_I2 001.
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What does this sample name

mean?
Libraryl S1 L0001 R1 001.fastq.gz




Libraryl S1 LO01 R1 ©01.fastqg.gz

Component Meaning
Libraryl | Library name from tissue sample
- Sl G e ity Sample number g
: LOO1 Lane number
R1/R2 Read direction (forward/reverse)
11/12 | Index reads (i7/i5)
001 Chunk number
.fastq.gz | FASTQ format, gzip compresssed




binned_output :
—square_oo2um
—square_oo8um

—square_oi16um

analysis

cloupe.cloupe

— filtered_feature_bc_matrix

Space-ranger
——— filtered_feature_bc_matrix.hs

spatial
—— V123

}7 scalefactors_json.json

——tissue_hires_image.png

L web_summa ry.html




Space-ranger output

Component

Explanation

square_002um / square_008um /
square_016um

Binned gene expression matrices at different
resolutions (2 um, 8 pm, 16 pm)

analysis/

Standard downstream analysis results
(clustering, PCA, t-SNE, UMAP, differential

expression)

cloupe.cloupe

Interactive visualization file for Loupe Browser

filtered feature bc matrix/

Filtered gene-barcode (spot) count matrix in
Matrix Market format

filtered feature bc _matrix.h5

Same filtered count matrix in HDFg format

spatial/

Spatial information: tissue image, scale factors,
alignment files

web_summary.html

HTML report with quality control metrics and
summary statistics




Space-ranger output

Component

Explanation

square_002um / square_008um /
square_016um

Binned gene expression matrices at different
resolutions (2 pm, 8 pm, 16 pm)

analysis/

Standard downstream analysis results
(clustering, PCA, t-SNE, UMAP, differential

expression)

cloupe.cloupe

Interactive visualization file for Loupe Browser

filtered feature bc matrix/

Filtered gene-barcode (spot) count matrix in
Matrix Market format

filtered feature bc _matrix.h5

Same filtered count matrix in HDFg format

spatial/

Spatial information: tissue image, scale factors,
alignment files

web_summary.html

HTML report with quality control metrics and
summary statistics




square_002um

1 native capture spot

Visium HD: binning strategy

square_008um

pool of 16 spots (4x4)

2 um X 2 um

highest resolution
most sparse

8 um x 8 um
~cell-scale
balanced depth

square_016um

pool of 64 spots (8x8)

multi-cell, deeper counts
used in this course v

=



Which bin size should you use?

2 |um — sub-cellular resolution, very sparse counts. Use only if sub-

cellular structure matters.
8 m —roughly cell-scale, moderate depth. Good for detailed analysis.

16 pm — multi-cell bins, densest counts. Best for first-pass, QC

— In this course we use bin size = "016" for speed and count depth.




Space-ranger output

Component

Explanation

square_002um / square_008um /
square_016um

Binned gene expression matrices at different
resolutions (2 um, 8 um, 16 pm)

analysis/

Standard downstream analysis results
(clustering, PCA, t-SNE, UMAP, differential
expression)

cloupe.cloupe

Interactive visualization file for Loupe Browser

filtered feature bc matrix/

Filtered gene-barcode (spot) count matrix in
Matrix Market format

filtered feature bc _matrix.h5

Same filtered count matrix in HDFg format

spatial/

Spatial information: tissue image, scale factors,
alignment files

web_summary.html

HTML report with quality control metrics and
summary statistics




Space-ranger: web_summary.html teymetrics

Sequencing metrics st —

Q30 bases in RNA read

Sequencing saturation

Number of reads .

Mean UMIs per 8 um bin Total genes detected

Mapping metrics ]

Reads mapped to genome Mappmg ©,

Reads mapped confidently to transcriptome

Reads mapped to intronic regions Reads Mapped to Genome 85.1%
Spot/bin metrics Reads Mapped Confidently to Genome 81.6%

Number of spots under tissue _ _ ,

Median genes per spot Reads Mapped Confidently to Intergenic Regions 5.9%

Median UMI counts per spot Reads Mapped Confidently to Intronic Regions 1.6%
TI?SUE c.letectlon Qc Reads Mapped Confidently to Exonic Regions 74.1%

Tissue image + spot overlay

Clustering (UMAP/t-SNE) preview Reads Mapped Confidently to Transcriptome 72.7%

Reads Mapped Antisense to Gene 0.6%



Space-ranger
with segmentation

binned_output :
- square_oo2um

— spatial

—— web_summary.html

+ segmented_outputs : «— Cell segmentation output
analysis

cell_segmentations.geojson

cloupe.cloupe

— filtered_feature_cell_matrix

— filtered_feature_cell_matrix.hg
graphclust_annotated_cell_segmentations.geojson
nucleus_segmentations.geojson
——raw_feature_cell_matrix
raw_feature_cell_matrix.hg

spatial
——Visium_HD_Human_Colon_Cancer_barcode_mappings.parquet




Space-ranger segmentation output

...................................................... Component . oo Explanaton
cell segmentations.geojson . oo Polygon boundaries of detected cells
nucleus_segmentations.geojson =~ = Polygon boundaries of detected nuclei
graphclust _annotated cell segmentatio Cell polygons with graph-based clustering
ns.geojson : annotations

graphclust _annotated nucleus segmenta g
tions.geojson :

. Gene expression matrix at single-cell
: resolution (filtered)

. Unfiltered (raw) gene expression matrix at cell
: level

BN NN N NN NN NN NN NN NN NN NN NN NN NN NN N NN N N NN N NN N NN N NN NN NN NN N NN N N NN N NN A N NN NN NN NN NN N NN R N NN R N NN N N N AR AN AN AN AN NN NN NN AEEENEAEEEEEAEEEEEEEEEEEEEEEEEEEEEEEEEEE

Visium_HD_Human_Colon_Cancer_barcode_ | Critical mapping file linking binned spots to
mappings.parquet : segmented cells

BN NN N NN N NN NN NN N NN N R NN NN N NN R N N NN N NN N N NN N NN N NN N NN NN NN NN NN N NN N N NN N NN N A N NN NN NN NN NN N NN R N NN N N N N N N AR AN AN AN NN NN NN AEEENEAEEEEEAEEEEEEEEEEEEEEEEEEEEEEEEEEE

T T T T T T T T P P P PP P T PP P T

analysis/ . Analysis results at cell level ﬂ




Xenium: pipeline overview

Sample Probe Hybridization, Staining
Preparation Ligation, & Amplification (Optional for cell segmentation)
FF or FFPE Fixation & Permeabilization (FF) or
Tissue Sections Deparaffinization & Decrosslinking (FFPE)

=

| [

Probe Hybridization Rolling Circle Amplification
Product

— \Y 7 —

Ligation &
Primer Hybridization for Amplification

Data Visualization

L Clm Hyi'rli::irizz‘teion
& Q — —>

—— Cycle

1. Fluorescent 3. Automated Slide
Xenium Probes Imaging L J
(o)

Analyzer

Removal

https://www.10xgenomics.com/support/software/xenium-onboard-analysis/2.0/algorithms-overview/xoa-algorithms
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Xenium: pipeline overview

Fixed
tissue
section

FFPE or fresh-frozen

Imaging-based — no sequencing required
Gene probe Xenium Xenium
hybridisation —ly msil:r_umenii’ dRa"%er
(1SS) (rr_lu tl-roun (decode +
imaging) segment)
~280-5000 gene panel Fluorescent signal Cell segmentation

per transcript

+ transcript assignment

Output
files

transcripts.csv
cells.csv
.h5 matrix




Xenium: output files

Key difference vs. Visium HD

No spot grid — coordinates are in
physical microns

No spatial/ folder or scalefactors

Alignment tool: Xenium Ranger / Explorer

transcripts.csv.gz
One row per detected transcript
x_location, y_location (microns)

cells.csv.gz
Cell metadata: centroid, area, QC metrics

cell_feature_matrix.hg
Cells x genes count matrix (HDF5)

nucleus_boundaries.csv.gz
Polygon vertices per nucleus

morphology.ome.tif
DAPI | morphology image (full resolution)




Which framework have you used
for single-cell transcriptomics

data analysis?




Which framework have you used
for single-cell transcriptomics
data analysis?

Seurat?




SingleCellExperiment (SCE)

Feature Metadata Data Sample Metadata
& & Q¥ (& 015 SNy
O X > & 57, & &
S S P28 R
Wi
# cell 1
gene 1 , | = cell 2
gene_2 | il - R | cee
oo | [ - RS | cell_m
geNE N | |oooooad bt oo S
I e Lo ? P I J
rowRanges(sce) | colData(sce)

|erData(sce)'|assay(sce, “counts”)

https://robertamezquita.github.io/orchestratingSingleCellAnalysis/



https://robertamezquita.github.io/orchestratingSingleCellAnalysis/

SingleCellExperiment

Feature Metadata Data [|Sample Metadata
S X S oV 015 o
OIS N O S & B
S S L28 R
cell 1
gene_1 | cell 2
gene_2 |l = con
oo | lonaencd T ! cell m
gene N | ...
I h d
rowRanges(sce) | colData(sce)
|erData(sce)' assay(sce, “counts”) oL

https://robertamezquita.github.io/orchestratingSingleCellAnalysis/
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SingleCellExperiment

Feature Metadata Data Sample Metadata
15 <« L
C X
1281 1.3 @ .
) [
# cell 1
| cell 2
SR | cell_m
Ly e

T |

rowRanges(sce) I colData(sce)
|erData(sce)‘|assay(sce, “counts™) oL

hitps://robertamezquita.qgithub.io/orchestratingSingleCellAnalysis



https://robertamezquita.github.io/orchestratingSingleCellAnalysis/

SingleCellExperiment

Feature Metadata Data [Sample Metadata

s o | o | Jors . &
o L O S C L
O \\Q @Q& 1 2 3 ‘O’é’ %\}&

gene 1 | |
genE_z A N fﬁ 5 """""""" |
geNE N | |oooooad bt oo S
I e Lo ?
rowRanges(sce)| |

|erData(sce)'|assay(sce, “counts”)

https://robertamezquita.github.io/orchestratingSingleCellAnalysis/
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Extending SingleCellExperiment

Counts

Normalize Library
Normalization PCA, TSNE, UMAP

Dimension Reduction

Annotate
Features Annotate Samples/Cells
J’ l ¥ r
‘ Yy ) Y |
........... A
_______ R
_______ S ol
T e
Y L
rowData(sce) colData(sce)| 'sizeFactors(sce)

https:/robertamezquita.github.io/orchestratingSingleCellAnalysis/

reducedDim(sce, “TSNE")



https://robertamezquita.github.io/orchestratingSingleCellAnalysis/

Extending SingleCellExperiment

Normalize Library Dimension Reduction
] Counts | Normalization PCA, TSNE, UMAP
Annotate |
Annotate Samples/Cells

3

colData(sce)

rowData(sce) sizeFactors(sce)

Y

reducedDim(sce, “TSNE")

https:/robertamezquita.github.io/orchestratingSingleCellAnalysis/
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Extending SingleCellExperiment

Dimension Reduction
PCA, TSNE, UMAP

Normalize Library
Counts [IINormalization

Annotate
Features Annotate Samples/Cells

3

colData(sce)

rowData(sce)

EizeFactors( sce) ‘

L 2

reducedDim(sce, “TSNE")

https:/robertamezquita.github.io/orchestratingSingleCellAnalysis/
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Extending SingleCellExperiment

Dimension Reduction
PCA, TSNE, UMAP

Normalize Library
Counts | [INormalizatio

Annotate
Features Annotate Samples/Cells
! 1 !
| [ |
- N
| X 1 I
Y \ l
rowData(sce) colData(sce)| 'sizeFactors(sce)

reducedDim(sce, “TSNE")

https:/robertamezquita.github.io/orchestratingSingleCellAnalysis/
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Example workflow of SingleCellExperiment
extension

Interactive visualization

i 2

L J u,_{} i”._l} 0 | D

Initial Data Append quality control | Adds slot sizeFactor Adds a new assay Adds slot reducedDim

counts(sce) | datato colData(sce) sizeFactors(sce) logcounts(sce) reducedDim(sce, “PCA")
calculateQCMetrics(sce) normalize(sce) 1) reducedDim(sce, “TSNE") ¥
computeSumFactors(sce) runPCA(sce) iSEE(sce)
runTSNE(sce)

https://robertamezquita.github.io/orchestratingSingleCellAnalysis/
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Can we use
SingleCellExperiment

for spatial trascriptomics data?




SpatialExperiment

e

(SPE)

“’6 |

SpatialExperiment
SingleCellExperiment R
@ LT 3 060’. o
......................................... & Oy & VD
sasernianasny . \ / 6‘0 <}3 (/C’J.:' ’00 ,yQ,/a"r
observations (columns) \ / \ /
rf rl ll o g {f j“
s N g B : g " 4 Y
~
w
= i
o .
W
S
)]
@ !
| - -
=
+
4]
Q H
s -
“ J — 4)') \ /) — J
rowData assays reducedDims Frovranarans colData 5
feature primary and reduced observation spatial
metadata transformed data dimensions metadata metadata

imgData

image
metadata

spatialCoords

spatial
coordinates

https:/www .bioconductor.org/packages/release/bioc/html/SpatialExperiment.html



https://www.bioconductor.org/packages/release/bioc/html/SpatialExperiment.html

SpatialFeature
Experiment
(SFE)

https://github.com/pachterlab/SpatialF eatureExperiment

sfc geomet

list column
Geometry
attributes

localmoran, Getis-Ord Gi¥,
geographically weighted

summary statistics, LGris_H_ B

Spot/cell

C{’.wraphs /\/\/spatial
(listw) \/\/ ' neighborhood

colGeometries graphs

_\.\"\

.. . ™
genez  localResults 00080088 d
L XX KX L N
Ve 050 Nucleilcell
Y X segmentation
| L ]
colbata | visium spot
| polygons
. spatialCoords| |
I T >
A annotGeometries
re

sducedDims
' Object

features/genes (rows)

1 | segmentation

i L
2 p
o]

assays

spot points

neighborhood
graphs


https://github.com/pachterlab/SpatialFeatureExperiment

%— Spot/cell
./ spatial
neighborhood

Gegﬁfeﬁ?;”m" colGeometries A graphs
attributes ). (st daﬁa frau@

colGraphs
st geomery (. IND)  (1istw

SpatialFeature
Experiment

|
| |
| |
| |
| |
| |
|
| . N
. . . . | localmoran, Getis-Ord Gi*, genel b X ® o :
rowGeometries: transcript location points : geographically weighted——— cenc2 localResults B XX d |
per gene IR S SSTelE Nucleicel |
| | ( | .: X segmentation |
, , : : coldata visium spot |
The exact spatial coordinates (X, Y) of | | ' | polygons |
individual detected RNA molecules. | I [ [ESpatiaicoords | |
: | | : annotGeometries |
| rowGepmetries reducedbims | | ) :
| | Obiject , |
: g || segmentation :
. . =
rowGraphs: transcript spatial graphs | 2 : f-‘i*“ |
| @ assays || }A‘i Ll :
Network connections between individual | o | :
: : . |
transcript points to analyze molecule clustering. | P | :
| 5 : annotGraphs |
| I
: : AN 4 : :
| | ‘ cells/spots (columns) | :
| Transcnpt rowData I : |
. Ol:lject
: Spot points : Y : neighborhood :
| | ‘ | graphs |
| | |
| | - ) | :
: : imgData : |
|
|
: : SpatialExperiment | :

https:/github.com/pachterlab/SpatialF eatureExperiment | 2 Fe




%— Spot/cell
./ Spatial

"' neighborhood

Ge('}'%tect"'”m“ colGeometries % graphs
y
tribyte ! (sf daﬁa fran@

SpatialFeature orc geomery (N D (lisc)

Experiment

|
|
|
|
|
|
|
. . ' <)) . . - |
. . . localmoran, Getis-Ord Gi*, genel o |
localResults: per-gene local spatial statistics geographically weighted -2 localResults H AR d |
(Moran's |, Getis-Ord Gi*, LOSH...) summaly staistics, LQSH it _Lgencs Do SSeRll Nucleilcell |
( | .: X segmentation |
: : : : colData : Visium spot |
Mathematical scores showing exactly where | | , | polygons |
specific genes are significantly clustered or | I | spatialcoords | |
isolated. | | | annotGeometries |
| rowGepmetries reducedDims | | ) :
| | | Obiject - |
: g || segmentation |
| 2 : f“i""' & :
| = |
| & assays || }J‘i N |
o !
| o | :
| ~ | |
| o | |
| 5 : annotGraphs |
| =
| o ) | :
| = SN 7 |
| rowéraphs/ | | cells/spots (columns) | |
| Transcript rowData | : |
; | Object

: Spot points : Y | neighborhood :
| | ‘ | graphs |

| | |
| | | :
: : imgData : |
|

|
: : SpatialExperiment | :

https:/github.com/pachterlab/SpatialF eatureExperiment | e — — —— — — — — — — —




SpatialFeature
Experiment

annotGeometries: tissue regions,
histological boundaries

Shapes outlining specific anatomical
regions, such as tumor cores, cortex layers,
or artifacts.

annotGraphs: object neighborhood graphs
Spatial networks showing how different

tissue regions or macro-structures border
one another.

https://github.com/pachterlab/SpatialF eatureExperiment

stc geomery (I D

colGraphs
(listw)

Spot/cell
spatial

VAVAY

Gegfntect?;”m“ colGeometries graphs
attributes | V (sT daﬁa fran@
A~ . . ) ®
localmoran, Getis-Ord Gi¥, genel o
geographically weighted—— o2 localResults cecees
suminary statstics, L OISk G D Eees Nucleilcell
| ' | e segmentation
| L ]
: colbata | visium spot
| ' /o polygons
| [ ~ spatialCoords|
| N annotGeometries
rowGepmetries reducedDims
| o . ObjECt i)
» N segmentation S e )
z W oa )l Histological
£ ' regions, |
? assays
c
@
o
~
w
3 :
= annotGraphs
et
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@ /4
y— \ VAN vy
rowGraphs ‘ cells/spots (columns)
Transcript owData
spot points

o :

i )
\ J
\, ;

'ingata.

SpatialExperiment
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|
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SpatialFeature
Experiment

colGeometries: cell/nucleus polygon shapes
The precise boundaries and shapes of
individual cells or nuclei.

colGraphs: spatial neighborhood graphs

Networks mapping which cells (or bins) are
physical neighbors.

https://github.com/pachterlab/SpatialF eatureExperiment

sfc geometry
list column
Geometry
attributes

localmoran, Getis-Ord Gi*, ~ |_genet
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| B
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| ' ' )
|
rowGepmetries reducedDims
! _
2 N
=
o
|
? assays
c
@
o
~
w
@
|
3
3
gy
) )
Y- N S S
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colGraphs
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L0000 Nuclei/cell
| See segmentation
| L ]
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| polygons
|
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Object -
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SpatialFeatureExperiment



Feature

Count matrix (assays)

Cell/spot metadata (colData)

Gene metadata (rowData)

Reduced dimensions (reducedDims)

Spatial coordinates (spatialCoords)

Tissue image (imgData)

Cell/nucleus polygons (colGeometries)

Transcript locations (rowGeometries)

Spatial neighbor graphs (colGraphs)

Tissue annotations (annotGeometries)

Typical use case

SCE » SPE -» SFE

scRNA-seq

Visium HD




Which framework will you use for
single-cell data”?




Which framework will you use for
single-cell data?

SingleCellExperiment




Which framework will you use for
Visium HD with segmented

output data?




Which framework will you use for
Visium HD with segmented
output data”?

SpatlialFeatureExperiment




Which framework will you use for
Visium HD without segmented

output data?




Which framework will you use for
Visium HD without segmented
output data”?

SpatialExperiment




Which framework will you use for
Xenium data?




Which framework will you use for
Xenium data”?

SpatlialFeatureExperiment




GGCAAGCGGCGGCCAGGCCCAGGGCCCGGGGTGCCCCCAAAGCGGGCCCGTGQGGGCCT;TGGQQTGAT A
kTCCCAATTCGAGGAGGACCT66CACTGATGGAGGAGATGGAGGCAGAACACAG@CTGCAGQ PQAGGKQ
AGTCCTGGAGGGGGTTGCAGACGGGCAGGTCCCACCATCAGCCATAGATCCTCGCfGGCTTC

ire

AGGGCCCGGGGTGCCCCCAAAGCGGGCCCGTGG
GGACCTGGCACTGATGGAGGAGATGGAGGCAGAA:
GGGGGTTGCAGACGGGCAGGTCCCACCATCAGCE

Thank you

DATA SCIENTISTS FOR LIFE
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