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Basics of Gene Expression: the Central Dogma

Image Source: https://www.acsh.org/news/2016/12/26/central-dogma-how-your-dna-determines-who-you-are-10645



Image Source: http://biogeonerd.blogspot.com/2012/09/mitosis.html



What can we measure?

• Nucleic Acid Sequence 
• hundreds of millions of reads at 100-150 bases in length
• We mostly sequence as DNA
• Bulk samples (108), single-cell (107)

• Proteins/Metabolomics 
• 1000s of fragments per sample

• Question: Why is nucleic acid sequencing easier than protein?
• Answer: because nature did much of the work for us



Sequencing by synthesis

Image source: https://www.lexogen.com/rna-lexicon-next-generation-sequencing/



A conceptual RNAseq experimental workflow

Image source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



RNA-seq analysis: alignment/quantification



After expression is assessed in each sample, 
they are merged into a “count matrix”

gene_id SL94881 SL94882 SL94883 SL94884 SL94885 SL94886
ENSDARG00000000001 33 40 36 38 58 40
ENSDARG00000000002 136 126 156 167 170 158
ENSDARG00000000018 319 356 345 368 357 334
ENSDARG00000000019 1174 1390 1430 1356 1130 1237
ENSDARG00000000068 522 468 590 622 506 528
ENSDARG00000000069 1622 1622 1546 1494 1546 1561
ENSDARG00000000086 413 536 474 489 290 476
ENSDARG00000000103 1212 1390 1266 1296 1012 1390
ENSDARG00000000142 118 97 99 110 94 126
…



Fundamental ideas of transcriptome profiling

• The activity or state of a sample can be defined by a “snapshot” 
(profile) of molecules
• In a transcriptome, the molecules are the RNA transcripts

• Perturbations/changes to a system induce systemic (and 
predictable and reproducible) responses

• Comparison of molecular profiles can 
• delineate the mechanisms/pathways involved
• Identify and classify related samples



Bulk vs Single Cell RNA-seq (scRNA-seq)

Bulk RNA-seq

scRNA-seq
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• comparative transcriptomics

• disease biomarker

• homogenous systems

• define heterogeneity

• identify rare cell population

• cell population dynamics

Slide source: https://www.sambuz.com/doc/introduction-to-single-cell-rna-sequencing-ppt-presentation-754293



Slide source: https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



Slide source: https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



Slide source: https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



Multiple techniques have been developed

Image source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Image source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Capabilities, depth, and characteristics vary among approaches

Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Slide source: https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



A conceptual RNAseq experimental workflow

Image source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Image Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Sequencing is imperfect: Barcodes must be 
checked and corrected

Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Source:https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf





Typical Computational Workflow

https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



Alignment and assignment depend upon gene 
knowledge (GFF/GTF)

Image Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Typical Chromium Gene Coverage plots

Image Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Source:https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



Processing tools will catch some of the problematic 
barcodes for you

Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Typical QC data can help ID problem data

Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Finally- you have (sparse) count matrix(es)

https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



Computation tools have specialized data 
structures for single-cell analysis

Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Following QC reduction, issues can still remain

• Common systematic effects that can obscure biological effects
• Batch effects
• Cell cycle



Harmony
• Harmony : An algorithm that projects cells into clusters based on their cell identity rather than dataset specific 

conditions.

• Harmony applies a transformation to the principal component 
values. The algorithm then determines if there is a balanced 
quantity of cells from each batch within the clusters. Each cell is 
then evaluated to see how much its batch identity influences its 
PC coordinates. The cells position is corrected by shifting it 
towards the centroid of its cluster.



Cell cycle has a systematic (but known) 
measurable effect on expression patterns

• Characteristic genes have been identified
• Cells can be modeled to estimate cell cycle stage

Source: https://satijalab.org/seurat/archive/v3.1/cell_cycle_vignette.html



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



All downstream analysis is based on “reduced” data

https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



Common visualization options 

Mol Syst Biol, Volume: 15, Issue: 6, First published: 19 June 2019, DOI: (10.15252/msb.20188746) 



Source: http://barc.wi.mit.edu/education/hot_topics/scRNAseq_2020/SingleCellRNAseq2020_4slidesPerPage.pdf



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/





https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



Cell identification has generally been based upon 
known marker genes

Source: https://www.singlecellcourse.org/introduction-to-single-cell-rna-seq.html



Source:https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



Source:https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf



Source:https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Jan23/UnivCambridge_ScRnaSeqIntro_Base/Slides/01_Introduction.pdf





Combinatorial indexing allows for great cost reduction per cell



Combinatorial indexing allows for great cost reduction per cell



Nuclear Oligo Hashing allows both sample labeling and 
impoved normalization



From Discoveries to Cures 

Graphic Identity Standards 

Questions?





All downstream analysis is based on PCA 
reduction of data

https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/



https://bioinformatics-core-shared-training.github.io/SingleCell_RNASeq_Sept22/


