
Part I: RNA‐seq analysis
Part II: scRNA analysis



RNA‐seq applications

Nature Reviews Genetics 8, 413‐423 (June 2007)



https://www.biocompare.com/Molecular‐Biology/26572‐RNA‐Seq/

Scope of Transcriptome Sequenicng



BioAnalyzer RNA ladder

Plant total RNA

Human RNA – various degradation

RNA integrity ‐ BioAnalyzer



DNase I treatment 

RNA samplegDNA sample



Strand‐specific RNA‐seq prep

Source: Illumina

Data format: RF



Types and Characteristics of NGS Reads

• Read length:        Short  Long

• Read types:

50bp-20kb

50-300 bp; 
1~1.5 kb jump

50‐300bp 500‐15,000bp
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SR (single end)

PE (paired-end)



Transcriptome profiling: RNA-seq

Nature Methods 6, S22 - S32 (2009)
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RPKM (FPKM)

Mapped Reads
Gene length (Kb) x total reads (M)



Stranded RNA‐seq: >90% strand‐specificity

Courtesy of Chih‐kuan Chen



Methods of mRNA enrichment
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Oligo-dT binding rRNA removal

Eukaryotes
High quality RNA

Prokaryotes
Non‐A‐tailed RNA
Degraded RNA







Isoform Sequencing by PacBio

•Discover novel transcripts & genes
•Identify fusion genes
•Resolve alternative polyadenylation
•Identify retained introns
•Find anti-sense transcription
•Annotate gene isoforms & alternative splicing events
•Recover missing exons
•Improve isoform-abundance quantification accuracy
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Single‐Cell

Chromium XCountess

PacBio Sequel & SQIIeMiSeq
Nanopore 
GridION

Promethion
P2 SoloHiSeq2500 NextSeq2000

CytAssist EVOS

Spatial seq

10x Genomics



New Tech on transcriptome sequencing

• 10x Genomics: Single‐cell & Spatial analyses

• PacBio MAS/Kinnex: HT‐HiFi 



Project considerations
Single cell

Sample:
• Source: repeatability
• Cell count, viability, purity
• Complexity
• Target cell%
• Cell vs nuclei

Experimental design
• Contrasts, time course
• Replicates
• Sequencing scale
• Bioinformatics
• Expected cell types for clustering

Spatial

Sample:
• Source: repeatability
• Tissue property & Complexity
• Embedding quality
• Tissue size & target region%
• Sample optimization

Experimental design
• Contrasts, time course
• Replicates
• Sequencing scale
• Bioinformatics
• Domain annotation: histology vs immuno‐staining
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10x Genomics: Single‐cell applications

ChromiumXCountess III



https://dnatech.genomecenter.ucdavis.edu/single‐cell‐analyses/



10x Genomics: 
Single‐cell 
applications

Single‐cell VDJ



10x Multiome: Sc‐ATAC + snRNA



10x Genomics:
Spatial Transcriptome



OCT

FFEP

CytAssist EVOS

10x Genomics: Spatial transcriptome



Complete setup for spatial transcriptome workflow
1. OCT embedding

or FFPE blocks

6. Visium prep & Sequencing          7. Fluorescent imaging 8. Data analysis with GUI interface
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2. Cryosectioning 3. H&E staining 4. Tissue catalog           5. RNA QC 



Maynard, K.R., Collado‐Torres, L., Weber, L.M. et al. Transcriptome‐scale spatial gene expression in the human 
dorsolateral prefrontal cortex. Nat Neurosci 24, 425–436 (2021). https://doi.org/10.1038/s41593‐020‐00787‐0



The 10x projects we have processed
Organisms

• Mouse 
• Human
• Maize
• Bird
• Marine 

Samples
• Flash frozen (OCT)
• FFPE

Tissue types

• Brain
• Cerebellum
• Liver
• Gum/cheek
• Spleen
• Lung
• Embryonic leaves
• Skin
• More plants (ongoing)

Biological Qs

• Cardiac hypertrophy
• Chronic pain mechanism
• Neuronal degeneration
• Cancer/tumor
• Stress/injury
• Covid immuno‐drug  develop.
• Plant embryogenesis
• C4 photosynthesis evolution
• Skin repair / hair regeneration
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Now we have CCS / HiFi data…

What can we use it for?

Highly accurate PacBio HiFi



PacBio Multiplexed Array Sequencing:
• 10X scRNA
• 10X Spatial‐Visium

Technology merge: 10x + MAS‐Isoform Sequencing

“…Detection of 214,516 unique isoforms covering 
22,391 genes, 72.6% of the isoforms are novel.”

Cell‐type‐specificity of isoform diversity in the developing human 
neocortex informs mechanisms of neurodevelopmental disorders. 
doi: https://doi.org/10.1101/2023.03.25.534016

Read segmentation

16x concatenation

UCLA+UPenn



*Kinnex Promotion: 
8-12 SMRTcells
(while supply last!) 

Explore the power of full‐length isoform profiling at Sc/Sp dimensions!

MAS/Kinnex Applications

MAS/Kinnex Sequnecing


