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* Considerations before and after sequencing of single cell libraries
* Steps of primary analysis of single cell data

 How to use primary analysis output to check the quality and success of single
cell experiment before moving on to downstream analysis



SCAF full support for 10x workflow and steps of QC in single cell experiment
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Before Sequencing considerations

Estimate Platform
Sequencing Depth Determination
based on no. cells (NextSeq,

and read depth NovaSeq,...)

Sequencing read
structure & read

depth for the library

Initial low depth
sequencing to find QC & determine
the actual no. of pooling ratios
cells captured

smd Deeper Sequencing




QC after sequencing
lllumina BaseSpace Sequencing Hub

Instrument Per Lane Metrics
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Primary analysis of single cell
data

For the sake of this presentation, we will focus on 10x genomics Gene Expression (GEX)
droplet-based technology data analysis quality steps.

This would be just an example of performing gc by considering both the front-end of the
workflow (capture) and back-end (data processing). Not all gc metrics/ all single cell
platforms will be discussed here.



Demultiplex and generate FASTQs

1.
Ste PS Of primary 2. Performs alignment, filtering, barcode counting,
ana |ySiS and UMI counting and generate count matrix

3. Optionally, aggregate multiple GEM wells



*  Chromium Single Cell Software Suite for 10x Genomics experiments

* Aset of analysis pipelines that process Chromium Next GEM single cell data to align reads, generate

C e ‘ | ra n g e r feature-barcode matrices, perform clustering and other secondary analysis.

* Current version: Cell Ranger 8.0.0 (Mar 13, 2024)

« New in Cell Ranger v7.0 and beyond: Intronic reads are counted by default for whole
transcriptome gene expression data.

» SCAF uses the most updated version unless requested otherwise.

* Additional information file from SCAF (any plan for combining datasets or preference on cellranger version)

GEX Raw
ASTQ matrlx




Generate Fastgs

cellranger mkfastq: a wrapper of lllumina bcl2fastq, takes lllumina BCL files and demultiplex to fastgs

If you are already starting with FASTQ files, you can skip this step and proceed directly to run cellranger
count.

Two libraries on the same flowcell One library on the two different flowcells

GGTTTACT ) o
CTARACGG | 4oligos per FASTQ Files Pipeline
Library1 TeGGeGTe | sampleindex set

AACCGTAA e
SI-GA-AT Libraryl S1 L001 R1 001.fastq.gz |:| J_R BCL I kty‘jyr‘ﬂi:iilihomi}?(]iom.fdsl.q.g/
Sequencing mkfastq Libraryl S1 1001 _R2_001.fastq.gz :> Library1 :> :> i,zraui 1’;1{881’??881éastq.gz
5] Libraryl S1_L001 I1 001.fastq.qgz ;J orary -ras q.qu‘ Pipeline
- = - = o

|:| BCL Lane, Sample, Index
& 1,Libraryl 1,SI-GA-Al
Library2 D Library? S1 L001 R1 001.fastq.gz ' -
Library2 S1 L001 R2 001.fastq.gz % ﬂ
ﬂ % SFGA-AT [ ] BCL

Library2 S1 1001 _TI1 _001.fastq.gz :D Libraryl 2 S1 _L002_R1_001.fastq.gz
SI-GA-A2 Lane, Sample, Index Library2_S1_L002_R1_001.fastq.gz :D |:> Libraryl 2_S1_L002_R2_001.fastq.gz
1,Libraryl, SI-GA-Al Library2 S1 L002 R2 001.fastq.gz 5 1 Libraryl 2 S1 L002_I1 001.fastq.gz

1-2,Library2, SI-GA-A2 Library2 S$1 L002 I1 001.fastq.gz e

Sequencing mkfastq FASTQ Files

Lane, Sample, Index
2,Libraryl 2,SI-GA-Al

Make sure to upload fastgs from all flowcells on public databases so the results can be regyoduced.

Image adapted from 10X promotional materials



Alignment and s

# Reads with invalid barcodes

Valid Barcodes

generate count matrix ] TS oo

& MAPQ )
Adjustment ‘ Reads with MAPQ <255

Confidently Mapped Reads

g “ Intergenic reads
d ._i;‘éi;éé:

introns=false  |ntronic reads

* Cell Ranger count/ multi

Transcriptome <

Alignment Antisense reads

Reads mapping to >1 gene

* |Input:

UMIs with homopolymers, Ns

* Fastqgs

* Transcriptome reference of species of interest Comection <
(custom reference is supported, GFP, or CART [ iRt e
Seq u e n Ce) Low support molecules

UMIs containing bases with quality <10

Molecules Assigned to Primary Gene

* The output will be for each GEM well that was
demultiplexed separately

Duplicate molecules

Empty GEMs
Cell Calling
Filtered UMIs
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I Cellranger aggr

* Aggregate multiple GEM wells from a single experiment
that were analyzed by cellranger count and produces a
single feature-barcode matrix containing all the data

e There are two modes:

* None: Do not normalize at all. maximize sensitivity
and plan to handle depth normalization in a
downstream step

* Mapped (default): For each library type,
subsample reads from higher-depth GEM wells
until they all have, on average, an equal number of
reads per cell that are confidently mapped to the
transcriptome (Gene Expression) or assigned to
known features (Feature Barcode Technology). This
approach avoids artifacts that may be introduced
due to differences in sequencing depth.

One Sample, Multiple GEM Wells, One Flowcell

Cell Sample GEM Well

Chromium Chip

Library

Feature
Barcode

%iixﬁ

i

Sequencing

Multiple Samples, Multiple GEM Wells, One Flowcell

Cell Sample GEM Well

|
V
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00000000
00000000

Library Sequencing
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&1
€ -§§”
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83388833

00000000

%

BCL

BCL

FASTQ
FASTQ

molecule_info.hS

mkfastq Z

N

aggr

_i_JN

A

)

L5

molecule_info.hS

molecule_info.h5

mkfastq

.

aggr

Image adapted from 10X promotional materials
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Cellranger count output

—— analysis
—— clustering
- BAM — dlffexp v @ 02_PrimaryAnalysisOutput
— pca v GEX
- BAM index L tsne v Sample ID
— umap v [ outs
- Filtered feature-barcode matrices MEX/ HDF5 — cloupe. cloupe _ i LR
—— filtered_feature_bc_matrix 2/ Wl cilstening
. I > B diffi
- Raw feature-barcode matrices MEX/ HDF5 barcodes. tsv.gz R
—— features.tsv.gz .
matrix.mtx.gz 2 Ml tsne

> @ umap

- Per-molecule read information filtered feature bc_matrix.hs

metrics_summary.csv

> B filtered_feature_bc_matrix

- Run summary CSV — molecule_info.h5 A
— possorted_genome_bam.bam i
- Run summary HTML —— possorted_genome_bam.bam.bai B f;if;if;ﬁ:jc_mamx_hs
] —— raw_feature_bc_matrix @ cloupe.cloupe
- Loupe Browser file —— barcodes.tsv.gz web_summary.htm|
. — features.tsv. gz B possorted_genome_bam.bam
- Secondary analySIS Output — matrix.mtx.gz B possorted_genome_bam.bam.bai

raw_feature_bc_matrix.h5 B metrics_summary.csv
web_summary.html

13



BAM and Bai file

An indexed BAM file containing position-
sorted reads aligned to the genome and
transcriptome, as well as unaligned reads

— possorted_genome_bam.bam
— posso rted_ge_nome_bam. bam.bai

Can be used to generate Fastq
BAM » Fastq

(bamtofastq available on cellranger suite)

Can be imported to IGV (Integrative
Genomics Viewer) e.g. for checking coverage
of any gene of interest like knock out genes

[ JOK ] IGV
Mouse (mm10) chra chr4:133,062,739-133,969,991 Go £f <« » @ [ = 2 | S
—:—:— [ I I | — = I
qAl qA2 qA3 qA4 qAS qBl aB2 qB3 qC1 qC2 qC3 qC4 qC5 qCé qC7 qD1 qD2.1 qD2.2 qD23 qD3 qE1l qE2
Click anywhere on the chromosome
to center view at that location.
7,253 bp
bp 64,000 bp bp bp 67,000 bp bp bp
| | | | | | | |

SCAF2370_W20_possorted_gen: | ©~%%

m.bam Coverage

.

W I I d ty p e SCAF2370_W20_possorted_gen: e - _—
m.bam Junctions —_——
SCAF2372_D20_possorted_genc -249

Knockout  [memomees

SCAF2372_D20_possorted_genc
m.bam Junctions

HMGN?2 gene |-

tracks loaded

DDDDD



Barcode Rank Plot

100
< — Cells

Background

10k

-
o
o
o

II filtered feature bc matrix

100

UMI counts

-
o

[y

100 10k

-

Barcodes

e Contains only detected cell-associated
barcodes. Each element of the matrix is the
number of UMIs associated with a feature
(row) and a barcode (column.

* This file can be input into third-party packages
and allows users to wra.ngle the.barcode- [ A
feature matrix (e.g. to filter outlier cells, run | barcodes.tsv.gz

dimensionality reduction, normalize gene — features.tsv.gz
— matrix.mtx.gz

expression). — filtered_feature_bc_matrix.h5
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Barcode Rank Plot

m— Cells
Background

II raw_feature bc matrix

UMI counts

1 100 10k

Barcodes

* Contains every barcode from the fixed list of
known-good barcode sequences that has at
least one read. This includes background and
cell-associated barcodes.

* Each element of the matrix is the number of

UMIs associated with a feature (row) and a . m_w—zgizgg:gbigsa;?x
barcode (column) L features.tsv.gz
matrix.mtx.gz
—— raw_feature_bc_matrix.h5

16



Two formats of feature
barcode matrix

(root)
L— matrix [HDF5 group]

—— barcodes

—— data

— indices
* Market Exchange Format (MEX) m ;Egg:r
* Hierarchical Data Format (HDF5) — features [HDF5 group]

— _all_tag_keys
 H5is a binary format that can — target_sets [for Fixed RNA Profiling]
compress and access data much L [target set name]

more efficiently than text formats feature_type

L : genome
such as MEX, which is especially id
useful when dealing with large name

pattern [Feature Barcode only]
read [Feature Barcode only]
sequence [Feature Barcode only]

datasets. H5 files are supported in
both R and Python.

17



“l molecule info.h5

e Contains per-molecule information for all molecules that contain a valid
barcode, valid UMI, and were assigned with high confidence to a gene or
Feature Barcode. This file is a required input to run cellranger aggr.

18



Metrics summary file in CSV format

Reads Reads
Reads  Mapped o2 Reads . pped  Reads
Estimated Median Reads Mapped Mapped Fraction Median UMI
Mean Reads Number of Valid Sequencing Q30Bases Q30Bases Q30Bases Mapped Confidently p P ,pp Confidently Mapped . Total Genes
Number of Genes per A A . . Mapped to . Confidently Confidently . Reads in Counts per
per Cell Reads Barcodes Saturation inBarcode inRNARead inUMI Confidently to X . to Antisense Detected
Cells Cell Genome . toIntronic  to Exonic . Cells Cell
toGenome Intergenic K . Transcripto  toGene
N Regions Regions
Regions me
4,413 70,348 2,908 310,443,939 92.50% 74.80% 97.50% 94.40% 97.40% 93.60% 84.50% 7.50% 9.10% 67.90% 68.90% 7.50% 88.60% 45,040 7,953

These metrics are also available in html web summary
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analysis

Name

v [ clustering

> [ gene_expression_graphclust

v M gene_expression_kmeans_2_clusters
R clusters.csv
gene_expression_kmeans_3_clusters *
gene_expression_kmeans_4_clusters

M gene_expression_kmeans_5_clusters

gene_expression_kmeans_6_clusters

> B gene_expression_kmeans_7_clusters

> @ gene_expression_kmeans_8_clusters
gene_expression_kmeans_9_clusters

1
!
!
|
|
!
1
1
1
!
|
|
|
|
!
1
1
!
|
|
|
|
!
1
1
!
|
|
|
|
!
1
1
!
|
|
|
|
!
1
1
:
|
> [ gene_expression_kmeans_10_clusters ° b d :
o Graph-based clusters |
> @ gene_expression_graphclust !
!
|
|
|
!
1
1
!
|
|
|
|
!
1
1
!
|
|
|
|
!
1
1
!
|
|
|
|
!
1
1
!
|
|
|
|
!
1
1
!
|
|

v [ gene_expression_kmeans_2_clusters ° _ | . _ 0
R differential_expression.csv K m ea n S C u Ste rl ng 2 1
gene_expression_kmeans_3_clusters
gene_expression_kmeans_4_clusters

gene_expression_kmeans_5_clusters o D i ffe re ntia I ge n e eX p ress i O n a n a IyS i S b etWe e n

gene_expression_kmeans_6_clusters

M gene_expression_kmeans_7_clusters CI U Ste rS

gene_expression_kmeans_8_clusters

gene_expression_kmeans_9_clusters . . .

gene_expression_kmeans_10_clusters o PCA, t_S N E, a n d U M A P d I m e n S I 0 n a I Ity
pca

v [ gene_expression_10_components re d U Ct I O n

B components.csv

. dispersion.csv analyS]-S .
R features_selected.csv C:LUSte ring
R projection.csv dlffexp
R variance.csv pca

tsne tsne
gene_expression_2_components umap

R projection.csv
v [ umap

v [ gene_expression_2_components
R projection.csv




web summary.html

L

* Run summary metrics and charts in HTML format
* A great place to start assessing the quality of your data.

e Several metrics in the web summary file can be used to assess the overall
success of an experiment, including sequencing, mapping, and cell metrics.

21



SC3pv3_GEX_Human_PBMC - Human Peripheral Blood Mononuclear BEIN Pt Uhl TRMCELMmaEsHpharalStod Mononuclear

Al
Cells (SC3'v3.1)
L
Cells (SC3'v3.1)
Alerts
The analysis detected @1 informational notice.
Alerts
The analysis detected (@ 1informational notice. Aeri Ve petal
@ Intron This data hagbeen analyzed with intronic reads included in the count matrix. This behavior is different from previous Cell
Alert Value Detail mode Ranger vegffons. If you would not like to count intronic reads, please rerun with the "include-introns™ option set to "false".
used tact support@10xgenomics.com for any further questions.
® |Intron This data has been analyzed with intronic reads included in the count matrix. This behavior is different from previous Cell
mode Ranger versions. If you would not like to count intronic reads, please rerun with the "include-introns" option set to "false". "
Summary  Gene Expression
used Please contact support@10xgenomics.com for any further questions.
t-SNE Projection
Summary Gene Expression Clustering Type: Graph-based ~

t-SNE Projection of Cells Colored by UMI Counts t-SNE Projection of Cells by Clustering

UMI eounts.

5’1 4 O Cells »

Clustert
Cluster2
Cluster 3
Clusterd
Estimated Number of Cells Cluster 5
Cluster 6

Barcode Rank Plot

o 9 Cluster 7
uster
1ok - 3 E sl
Background - Clusterd
10K “ Clsterio
35473 2,827 =
’ ’ g 1000 i
Mean Reads per Cell Median Genes per Cell B
g 100
=]
10 SNEI SNEI
Sequencing °
1 Top Features by Cluster (Log2 fold-change, p-value) @
Db erneads 182,330,834 B 100 10k Feature Cluster1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 «
Number of Short Reads Skipped ° Barcodes D Name  L2FC pvalue L2FC pvalue L2FC  pvalue L2FC pvalue L2FC pwvalue L2FC povalue L2F
ENSG00000232021  LEF1-AS! 385 7e-50
Valid Barcodes 98.2% ENSG00000138795  LEFI 307 737
Estimated Number of Cells 5,140 ENSG00000154027 AKS 304 4e-33
Valid UMIs 99.9% ENSG00000249806 ACI3972.. 297 2e-30 [ ]
. Fraction Reads in Cells 93.6% ENSG00000184613  NELL2 284 1e-29 100 3e2
Sequencing Saturation o ENSG00000182463  TSHZ2 283 2e-28 096  5e2
. Mean Reads per Cell 35,473 ENSG00000126353 CCR7 217 4e-29 1
Q30 Bases in Barcode et ENSG00000186854 TRABD2A 264 2026 1
. Median UMI Counts per Cell 8,685 ENSG000001415T6  RNFIST 256 4e-24
Q30 Bases in RNA Read I ’ ENSG00000152495  CAMK4 251 8e-25 14 Se3
Median Genes per Cell 2,827
Q30 Bases in UMI 96.1%
Total Genes Detected 27,572 " Page 1 of 47 10rows N/ Next
Mapping @ Sample Sequencing Saturation ¢ Median Genes per Cell 5
Reads Mapped to Genome 95.9% 1
Sample ID SC3pv3_GEX_Human_PBMC —— GRCh2E
Reads Mapped Confidently to Genome 90.5% 2500
Sample Human Peripheral Blood Mononuclear Cells < _
Reads Mapped Confidently to Intergenic Regions 3.6% Description (SC3'v3.1) 2 S 2000]
2 os g
. . . . 5
Reads Mapped Confidently to Intronic Regions 33.3% Chemistry Single Cell 3' v3 -;" f:f 1500
1 3
Reads Mapped Confidently to Exonic Regions 53.6% Include introns True g § 1009
g @
& =
Reads Mapped Confidently to Transcriptome 76.1% Reference Path ..ch2/nanopore/refdata-gex-GRCh38-2020-A 02 500
Reads Mapped Antisense to Gene 10.1% Transcriptome GRCh38-2020-A 9
10n 200 300 o 10k 20k a0k
Pipeline Version cellranger-7.0.1

Mean Reads per Cell Mean Reads per Cell




10k_hgmm_3p - 10k 1:1 Mixture of Human HEK293T and Mouse NIH3T3
Cells, 3" v3.1

Summary  Analysis

Barcode Rank Plot

10k_hgmm_3p - 10k 1:1 Mixture of Human HEK293T and Mouse NIH3T3
Cells, 3’ v3.1

Summary  Analysis

Top Features by Cluster (Log2 fold-change, p-value)

Feature Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster § Cluster & ¢

UMI counts

0 Name  L2FC pualue L2FC palue L2FC pvalue L2FC pvalve L2FC pvalue L2FC  pvalve L2F
Sequencing ® it GRCH38_ENSGOODDD... GRCK38 161 1e27 120 2e14
’ GEM Partitions ¢ =
‘ GRCh38 ENSGOOODD... GRCh38_. 150 Se-24 117  8e-14
Number of Reads 607,673, = &
prre—— Cell UMI Counts GRCH38_ENSGOODDD... GRCh38 150 1e23 132 3e17
Number of Short Reads Skipped Barcodes cais GRCh38_ENSGOODDD... GRCh3S.. 50 3e2s 127 2e18
GEMs with >1 Cell [ wan GRCh38_ENSGO000D... GRCh38... 49 %e2s 117 be-l4
Valid Barcodes Estimated Number of Cells Maliplt GRCh38_ENSGOO0DD... GRCh38 . 48 9e23 137 1e1s
Fraction GEMs with 1 Cell 1 GRCh38_ENSGOODDD... GRCh38, 423 113 ed
GRCh38_ENSGO0000... GRCh38, 2e-22 120 2e-14
GRCH38_ENSGODDD... GRCK3E .. Se23 114 3e13
‘GRCh38_ENSGO0000... GRCh38, Be-23 104 3e-11

Valid UMIs
Esti ted Numb f Cells (GRCh38)
stimated Number of cells g Fraction GEMs with >1 Cell {Lower Bound)
Sequencing Saturation Estimated Number of Cells (mm10)
stimated Number of Cells (mm10) Fraction GEMs with >1 Cell {Upper Bound)
Q30 Bases in Barcode
Fraction Reads in Cells
Mean UMI Count Purity

mm10 UMI counts

Q30 Bases in RNA Read Fraction Reads in Cells (GRCh38)

Q30 Bases in UMI Fraction Reads in Cells (mm10) . ) Page 1 0f 56 0rows N/

Mean Reads per Cell
Mapping @ Median Genes per Cell (GRCh38) 50k 100k

2 Sequencing Saturation @ Median Genes per Cell
Median Genes per Cell (mm10) 4,5 GRCh38 UMI count:
Reads Mapped to Genome

Total Genes Detected (GRCh38)
Reads Mapped to Genome (GRCh38)

Total G¢ Detected (mm10) . .
Reads Mapped to Genome (mm10) otal Genes Detected [ t-SNE Projection &

: Graph-based ~
Median UMI Counts per Cell (GRCh38) Clustering Type: Graph-base:

Reads Mapped Confidently to Genome

Median UMI Counts per Cell (mm10) . t-SNE Projection of Cells Colored by UMI Counts t-SNE Projection of Cells by Clustering
Reads Mapped Confidently to Genome (GRCh38)

UMIcounts . * Custert
Cluster 2

Reads Mapped Confidently to Genome (mm10)

Reads Mapped Confidently to Intergenic Regions Sample t “ievz

Median Genes per Cell

Sequencing

Reads Mapped Confidently to Intergenic Regions (GRCh38) Sample 1D p— t ::Z

Reads Mapped Confidently to Intergenic Regions (mm10) 1 P o F ? . Cluster

Cluster 8

Sample 18k 1:1 Mixture of Human HEK293T and Mouse
Reads Mapped Confidently to Intronic Regions Description NIHAT3 Cells, 1 .‘ Custer

0%

Cluster 10

Reads Mapped Confidently to Intronic Regions (GRCh38) Chemistry Single Cell Chuster 11
. Mean Reads per Cell Mean Reads per Cell

Reads Mapped Confidently to Intronic Regions (mm10) Include introns E“:*:;

Reads Mapped Confidently to Exonic Regions Reference Path _s/refdata-gex-GRCh38-and-ma10-202 Cluster 14
Reads Mapped Confidently to Exonic Regions (GRCh38) Transcriptome GRCh38_and_mm10-2020-A
Reads Mapped Confidently to Exonic Regions (mm10) Pipeline Iranger-6.0.0
Version
Reads Mapped Confidently to Transcriptome
Reads Mapped Confidently to Transcriptome (GRCh38)
Reads Mapped Confidently to Transcriptome (mm10)
Reads Mapped Antisense to Gene
Reads Mapped Antisense to Gene (GRCh38)

Reads Mapped Antisense to Gene (mm10)

Web summary of combined human and mouse
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cloupe.cloupe

* The input file for loupe browser

e Can be uploaded to Loupe Browser, a free desktop visualization
software from 10x that provides the intuitive functionality to explore
and analyze 10x Genomics Chromium and Visium data.

* You can also convert your Seurat objects into Loupe Browser files
using the LoupeR package.

v [ outs
> @ analysis
@ cloupe.cloupe
> B filtered_feature_bc_matrix
B filtered_feature_bc_matrix.h5
metrics_summary.csv

B molecule_info.h5

B possorted_genome_bam.bam

B possorted_genome_bam.bam.bai
> @ raw_feature_bc_matrix

B raw_feature_bc_matrix.h5

web_summary.html
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Using cellranger output for
qguality Control of single cell data



. SC3pv3_GEX_Human_PBMC - Human Peripheral Blood Mononuclear
SC3pv3_GEX_Human_PBMC - Human Peripheral Blood Mononuclear Cells (SC3'v3.1)

Cells (SC3'v3.1)

Alerts

The analysis detected @ 1informational notice.

Alerts

The analysis detected © 1informational notice.

Alert Value Detail

@® Intron This data has,
mode Ranger vegffons. If you would not like to count intronic reads, please rerun with the "include-introns” option set to "false".
used Please, tact support@10xgenomics.com for any further questions.

en analyzed with intronic reads included in the count matrix. This behavior is different from previous Cell

Alert Value Detail

@® Intron Thes data has been analyzed with intronic reads included in the count matrix. This behavior is different from previous Cell
mode anger versions. If you would not like to count intronic reads, please rerun with the "include-introns" option set to "false".
used Please contact support@10xgenomics.com for any further questions.

Summary Gene Expression

t-SNE Projection

Clustering Type: Graph-based ~

t-SNE Projection of Cells Colored by UMI Counts t-SNE Projection of Cells by Clustering

Summary Gene Expression

5,140

Estimated Number of Cells

Cluster 1

Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7

Cluster 8
Cluster 9
Cluster 10

Cluster 11 W |
Sequencing @
Top Features by Cluster (Log2 fold-change, p-value) &
Number of Reads 100 10k
REpEEih Feature Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 « Sl I I I | | I la I
Number of Short Reads Skipped 0 Barcodes D Name L2FC  p-value L2FC p-value L2FC p-value L2FC p-value L2FC p-value L2FC p-value L2F

UMI counts

15k

Barcode Rank Plot

t-SNE2
t-SNE2

— Cells
Background

10k

35,473 2,827

Mean Reads per Cell Median Genes per Cell

UMI counts
-
o
o

t-SNE1 t-SNE1

-
o

ENSG00000232021 LEF1-AS1 385 7e-50
Valid Barcodes 2% . ENSG00000138795  LEF1 307 7e-37
Estimated Number of Cells 5,140 ENSG00000154027 AKS 304 4e-33 °
Valid UMIs 9% ENSG00000249806 ACI3972... 297 2e-30
Fraction Reads in Cells 93.6% ENSG00000184613  NELL2 284 129 100 3e-2
Sequencing Saturation 9% ENSG00000182463  TSHZ2 283 2e-28 096  Se-2
Mean Reads per Cell 35,473 ENSG00000126353 CCR7 277  4e-29 1
Q30 Bases in Barcode 8% ENSG00000186854 TRABD2A 264 2e-26 1
Median UMI Counts per Cell 8,685 ENSG00000141576  RNF157 256 4e-24
Q30 Bases in RNA Read . ENSG00000152495 CAMK4 251 8e-25 114 Se-3
Median Genes per Cell 2,827 e
Q30 Bases in UMI .
Total Genes Detected 27,572 Page 1 of 47 orows N/ i
Mappin ; : :
PPINg @ Sample Sequencing Saturation ¢ Median Genes per Cell 3
Reads Mapped to Genome
Sample ID SC3pv3_GEX_Human_PBMC ! ~—— GRCh38
Reads Mapped Confidently to Genome T | SRS PERAERES AN SERSEASEE -~
Sample Human Peripheral Blood Mononuclear Cells 08
Reads Mapped Confidently to Intergenic Regions ) Description (sC3'v3.1) g 3 2000
. . . i 2 06 g
Reads Mapped Confidently to Intronic Regions . Chemistry Single Cell 3' v3 ‘5 g -
g 5
Reads Mapped Confidently to Exonic Regions ) Include introns True § o4 g 1000)
g H
Reads Mapped Confidently to Transcriptome N Reference Path ..ch2/nanopore/refdata-gex-GRCh38-2020-A % 02 = 500
Reads Mapped Antisense to Gene : Transcriptome GRCh38-2020-A
% 10K 20K 30K 0 10K 20k 30k 26

Pipeline Version cellranger-7.0.1
Mean Reads per Cell Mean Reads per Cell




Number of cells picked up by Target cell number

cellranger
. 5 ’1 4 O / » ¥ Cells Recovered
Estimated Number of Cells Multlplot Rate e e Ny
Next GEM
3 5 473 2 827 0.8% 1,000 2,000
’ ’ 1.6% 2,000 4,000
Mean Reads per Cell Median Genes per Cell

2.4% 3,000 6,000
/ \ 3.2% 4,000 8,000
o 4.0% 5,000 10,000
Sequencing depth for Sensitivity 4.8% 6,000 12,000
the sample 5.6% 7,000 14,000
6.4% 8,000 16,000
, ) 7.2% 9,000 18,000

Top 3 main metrics on top of web summary
8.0% 10,000 20,000

The target and cells detected by pipeline is not always
the same and it depends on the quality of the
cell/nuclei prep and how it affects cell counting
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Seqguencing and mapping metrics

Sequencing @

Number of Reads

Number of Short Reads Skipped

Valid Barcodes

Valid UMIs

Sequencing Saturation
Q30 Bases in Barcode
Q30 Bases in RNA Read

Q30 Bases in UMI

Mapping ¢

Reads Mapped to Genome

Reads Mapped Confidently to Genome

Reads Mapped Confidently to Intergenic Regions
Reads Mapped Confidently to Intronic Regions
Reads Mapped Confidently to Exonic Regions
Reads Mapped Confidently to Transcriptome

Reads Mapped Antisense to Gene

182,330,834
0

98.2%
99.9%
60.9%
96.8%
94.5%

96.1%

95.9%
90.5%

3.6%
33.3%
53.6%
76.1%

10.1%

Sequencing Metrics

Number of
reads
Valid
barcodes

Valid UMIs

Sequencing
saturation

Q30 bases

in barcode,
Sample Index,
or UMI

Total number of read pairs that were Sequencing
assigned to this library dependent
Fraction of reads with barcodes that >75%

match the whitelist fraction of reads
originating from an already observed UMI
Fraction of reads with valid UMIs;i.e. ~ >75%

UMI sequences that do not contain Ns
and that are not homopolymers

Expected Value

output

Notes

Lower than expected may indicate poor sequencing run
(over-clustering, under-clustering, low % passing filter).
Low valid barcodes may indicate sequencing issues
(such as low Read 1 Q30 score).

Low valid UMIs may indicate issues with sequencing or
library quality.

The fraction of reads originating from D d upon

an already-observed UMI. This is a sequencing depth
function of library complexity and and sample
sequencing depth complexity

Fraction of cell barcode, Sample Sequencing

Index, or UMI bases with Q-score platform dependent

230, excluding very low quality/
no call (Q-score <2) bases from the
denominator

Q30 bases in  Fraction of RNA read bases with Q-score ~ Sequencing
RNA read 230, excluding very low quality/no-call platform
(Q-score < 2) bases from the denominator dependent,
ideally >65%
Metrics

Mapping Metrics

Reads mapped to Fraction of reads that are mapped
genome to the genome

Reads mapped Fraction of reads that mapped
confidently to genome uniquely to a genome. A gene

mapped to exonic loci from a
single gene and also to non-exonic
loci is considered uniquely mapped
to one of the exonic loci

Reads mapped Fraction of reads that mapped
confidently to intergenic  uniquely to an intergenic region of
regions the genome

Reads mapped Fraction of reads that mapped
confidently to intronic uniquely to an intronic region of
regions the genome

Reads mapped Fraction of reads that mapped
confidently to exonic uniquely to an exonic region of the
regions genome

Reads mapped Fraction of reads that mapped to a
confidently to unique gene in the transcriptome.
transcriptome The read must be consistent with

annotated splice junctions. These
reads are considered for UMI
counting

Reads mapped antisense  Fraction of reads confidently
to gene mapped to the transcriptome, but

on the opposite strand of their
annotated gene.

Aread is counted as antisense

if it has any alignments that are
consistent with an exon of a
transcript but antisense to it, and
has no sense alignments

D on library complexity, sequencing depth, and
experiment analysis goals. Lower sequencing saturation
indicates a high proportion of the library complexity has
not been captured by sequencing.

Low Q30 base percentages could indicate sequencing
issue such as sub-optimal loading concentration.

Expected to be lower than Q30 Bases in Barcode or UMI
(Read 1) or Sample Index (i7 read) and is sequencing
platform dependent.

Consult Technical Note - Chromium Single Cell
3" v2 Libraries - Sequencing Metrics for Illumina
Sequencers (v2 Chemistry) Document CG000089 for
more information.

Low Q30 Base percentages could indicate sequencing
issue such as sub-optimal loading concentration.

Expected Value Notes

Variable

Variable

Variable

Variable

Variable

Dependent on the quality of genome
annotation. Lower than expected values
could be an indication of incorrect reference
selection or library quality.

Lower than expected values could be indicative
of low library quality or reference quality.

May vary based on sample type and genome
annotation.

Sample types with low RNA content (e.g.
PBMCs, nuclei) or samples with suboptimal
health may have a higher fraction of reads
mapping to intronic regions.

There is a balance between exonic and
intronic reads. A sample with higher exonic
reads will have lower intronic reads, and vice
versa. This is highly dependent upon sample
type.

Variable, ideally Reference quality and sequencing

>30%

Ideal <10%

configuration (shorter than recommended
cycles on Read 2) can impact mapping. Lower
than expected values may indicate the use of
the wrong reference transcriptome.

These values may be higher if using a pre-
mRNA reference or may indicate incorrect Gel
Bead chemistry.
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Cells metrics

Estimated Number of Cells
Fraction Reads in Cells
Mean Reads per Cell
Median UMI Counts per Cell
Median Genes per Cell

Total Genes Detected

Sample

Sample ID

Sample
Description

Chemistry

Include introns
Reference Path
Transcriptome

Pipeline Version

5,140
93.6%
35,473
8,685
2,827

27,572

Cell Metrics
Estimated
number of
cells

Fraction reads
incells

Median reads
per cell

Median genes
per cell

Total genes
detected

Median UMI
counts per
cell

The number of barcodes associated with
at least one cell

The fraction of reads that contain

a valid barcode, are confidently
mapped to the transcriptome and
are associated with a barcode that is
called as a cell

The total number of sequenced reads
divided by the number of barcodes
associated with cell-containing
partitions

The median number of genes detected
per cell-associated barcode. Detection
is defined as the presence of at least 1
UMI count

The number of genes with at least one
UMI count in any cell

The median number of UMI dependent
on cell counts per cell-associated type
barcode

500-10,000

>70%

User defined;
20,000 reads/
cell minimum
recommended

Dependent on
cell type and
sequencing depth

Dependent on
cell type and
sequencing depth
Dependent on
cell type and
sequencing depth

SC3pv3_GEX_Human_PBMC

Human Peripheral Blood Mononuclear Cells
(SC3'v3.1)

Single Cell 3' v3

True

..ch2/nanopore/refdata-gex-GRCh38-2020-A

GRCh38-2020-A

cellranger-7.

0.1

Higher or lower than expected values may indicate
inaccurate cell count, cell lysis, or failures during GEM
generation.

Lower percentages indicate that a high level of
ambient RNA partitioned into all (cell-containing and
non-cell-containing) GEMs.

The necessary sequencing depth per cell depends on
the cell type (high or low RNA) and the desired analysis.

Lower than expected median genes per cell may be
biological (low transcriptional diversity) or may indicate
low sequencing depth or library complexity.

Lower than expected could be a result of shallower
sequencing depth and/or sample/library quality.

Lower than expected could be a result of shallower
sequencing depth and/or sample/library quality.
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ranked according to the number

of unique molecular identifiers 10k\s
cells
/'

Barcode Rank Plot

A distribution of cell barcodes

100k

Barcode Rank Plot

— Cells

Background

(UMlIs) that are associated with a £ 000
glven barCOde g 100 Inflection point
-]
UMI counts on 10
logarithmic scale Background
1
1 100 10k
Barcodes sorted in decreasing Barcodes

order from number of UMIs in
Logarithmic scale

droplet-based microfluidic devices: the majority of the
droplets will not contain an actual cell.

Chromium Next GEM Chip G

A
L @ &) 6Ems
o’ L)

Partitioning 0i

10x Barcoded

Gel Beads Partitioning Oil

Labeled Cells
Enzyme

Image adapted from 10X promotional materials



Overview
of
cellranger
cell calling
algorithm

A multi-step process that determines which
barcodes/GEMs are likely to contain an intact cell and
uses those for downstream analysis. The cell calling
algorithm can be broadly divided into two major steps:

Step 1. Identify barcodes/GEMs that are likely to contain
an intact cell based on the expected cell number and
UMI counts.

Step 2. Distinguish low RNA content cells from empty
droplets based on the expression profiles using
the EmptyDrops method.



Optimal Barcode Rank Plot

* The overall shape of the Barcode Rank Plot is a useful
indicator of sample quality. A “cliff-and-knee” shape in
the Barcode Rank Plot is indicative of a good quality
sample.

* In this case, the steep cliff, followed by the plateaued 10k
knee, demonstrates that the cell calling algorithm was

able to distinguish between intact cells and background Vnea
barcodes. H00 7~
10

Cells @

Barcode Rank Plot

-
o
o
o

UMI counts

1 100 10k iM

Barcodes



Optimal cell suspension
No background debris
Not many dead cells
No clumps or clusters of cells
Strong green signal (high viability)
Counting live cells is not compromised

Propidium iodide
stained dead nucleated
cells red

Acridine orange stained /

nucleated cells green

Optimal barcode rank plot

Cells @
Cells @
Barcode Rank Plot
Barcode Rank Plot 330 — Cells
100k 520 Background
— Cells 510
10k 100% Cells Background J4) 100% Cells
(3626/3626) S 500 (39/39)
2 \ S 490
€ 1000 —_
3 Steep drop off £ 4
s 100 470
5
10 460
3750 3800 3850 3900
1
1 100 10k Barcodes
Cells @
Barcodes
Barcode Rank Plot
330 — Cells
520 Background
[FU] 510
— ]
- < 500
[}
O 490
100 — =
S 480
20 470
0 - 460
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35 150 300 500 1000 10380 [bp]

cDNA profile

BarcodesExample of an optimal cDNA
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Cell clumps and
clusters counted as
one and they may
partition into the same

% droplet

N

®

Steep drop off, however, there
is a range of UMI that some
called as cell-associated GEMS
and some as background.

2,896 out of
2,896 barcodes
in this UMI
range were
called as cells.

111 out of 383
barcodes in this
UMI range were
called as cells.

UMI counts

Cells @

100k

10k

1000

Cells @

UMI counts

100k

10k

1000

100

10

Light blue area

Barcode Rank Plot

100% Cells
(2896/2896)

100

Barcodes

Barcode Rank Plot

10k
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10k
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X Not a clean background, debris

X Some clumps or clusters of cells Cells @ cu rvy ba rCOde ra n k plot

X  Some light green signal (low viability, dying cells,

autofluorescence)
X Counting live cells is compromised

Barcode Rank Plot

— Cells

100k Background
" 10k
5
g 1000 . zac" °‘;1§harp Add more sequencing
— rop o .
= 100 - Light blue area depth may increase the cell

10 number as well and will
. end up lots of sequencing
: 00 Ton to get the recommended
read count per cell
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_ Cell clumps and clusters
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g |
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