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Annotation and Analysis for Diverse Genomes and Transcriptomes
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Overview  of Trinity  CTAT. Given cancer RNA-seq as input, Trinity CTAT provides modules for exploring characteristics of 

the cancer transcriptome (and cancer genome) including both genome-guided and genome-free analyses, targeting bulk or 
single-cell transcriptomes. Interactive visualizations and reports are provided to facilitate downstream analysis and for 
clinical review.

Earlier developments focused on cancer transcriptomics:
Years 2013-2023





-- Introducing -- 

Mega Keychain!



ChatGPT



Art by ChatGPT



Transcriptomics Lecture Outline

1. Intro to transcriptomics 
2. Transcript reconstruction methods
3. Genome-free transcriptomics (eg. for non-model orgs)
4. Expression quantification
5. Differential expression (brief ς ƳƻǊŜ ŘŜǘŀƛƭǎ ƛƴ wŀŎƘŜƭΩǎ ǿƻǊƪǎƘƻǇΗύ
6. Latest advancements in long read isoform sequencing
7. Overview of single cell transcriptomics
8. Overview of spatial transcriptomics
9. Applications in Cancer Transcriptomics

ϝ CƻƭƭƻǿŜŘ ōȅ ŎƻƳƳŜƴǘǎ ƻƴ Ƙƻǿ LΩǾŜ ǊŜŎŜƴǘƭȅ ōŜŜƴ ǳǎƛƴƎ [[aǎ ƛƴ Ƴȅ ǿƻǊƪ



Part 1. Intro to Transcriptomics



https:// www.simply.science/images/content/biology/genetics/molecular_genetics/conceptmap/Central_Dogma_of_Molecular_Biology.html
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Adapted from: https://cs.wikipedia.org/wiki/Splicing

Primary mRNA molecules Often Undergo Splicing in Eukaryotes

Primary transcript

Gene in the Genome

Transcription

Intron Splicing,

 рΩ /ŀǇǇƛƴƎΣ 
ŀƴŘ оΩ tƻƭȅŀŘŜƴȅƭŀǘƛƻƴ

Processed RNA

Protein

Translation



Alternative Splicing ï Multiple Products from Single Genes 

Å Core regulatory process ï diversifies 
the function of genes.

Å Generates mRNAs that differ in 
coding sequence and UTRs. Effects:

ï Protein isoforms

ï Translation efficiency

ï Stability

ï Localization

ï Reading frame changes

Å Estimated 90-95% of human genes 
undergo alternative splicing

From Aziz !ƭΩYƘŀŦŀƧƛ, Broad Inst.
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Think of genes as protosentences 
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Fully formed sentences ᴡ mature mRNA

From Aziz !ƭΩYƘŀŦŀƧƛ, Broad Inst.



RNA isoform sequencing provides structural insight 

From Aziz !ƭΩYƘŀŦŀƧƛ, Broad Inst.



Extract RNA, 
 Χ ǎƻƳŜ ǇǊƻǘƻŎƻƭ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎΣ ΦΦΦ 

Biological Investigations Empowered by Transcriptomics

Analysis Method
(pick your favorite)

Northern

Dot Blot
Microarray

qRT-PCR
Sanger Sequencing

OtherΧ



Gene expression analyses ignore isoform variation

From Aziz !ƭΩYƘŀŦŀƧƛ, Broad Inst.

?
Need to resolve isoforms for deeper 

insights into cellular functions



Historical Timeline to Modern Transcriptomics (from 1970)

From Cieslik and Chinnaiyan, 
NRG, 2017 

Lots more!

Smith Waterman (1981)

BLAST (1990)

(2011)

Tophat/Cufflinks (2010)

RSEM

Kallisto (2016)

Salmon (2017)

Note: Just a small 
ǎŀƳǇƭƛƴƎ ƻŦ ǿƘŀǘΩǎ 
available.

Seurat-v2 (2021)

StringTie  (2015)

minimap2 (2018)

STAR (2013)

SAMtools (2009)

Reverse Transcription (1970)

Northern Blot
Sanger Sequencing

(1977)

Expressed Sequence Tags (1992)

cDNA microarrays (1995)

RNA-Seq (2006-2008) 

Droplet single cell RNA-Seq (2015) 

PacBio IsoSeq (2014)

Direct RNA Seq Nanopore (2018)

SlideSeq-v2 (2021)



Extract RNA, convert to cDNA

Modern Transcriptome Studies Empowered by RNA-seq

Next-gen Sequencer
(pick your favorite)

Millions to Billions of Reads
RNA-seq



Circa 1995

Personal Reflections...



Generating RNA-Seq:  How to Choose?

SOLiD Helicos

*Not all shown at scale

iSeq

Stats circa 2018

For current, see: https:// tinyurl.com/wbgcs65

Illumina PacBio ONT

https://tinyurl.com/wbgcs65
https://tinyurl.com/wbgcs65
https://tinyurl.com/wbgcs65


Maybe something fast and portable?

Oxford Nanopore Technology (ONT) Minion



https://sequencing.roche.com/us/en/article-listing/sequencing-platform-technologies.html 

Sequencing by Expansion (SBX) Technology

X-NTPs Xpandomer Synthesis

Xpandomers Travel Through Nanopore Detectors Xpandomer Signals Detected

Backbone Cleavage and 

Xpandomer Expansion
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A Plethora of Biological Sequence Analyses Enabled by RNA-Seq 

From Cieslik and Chinnaiyan,  NRG, 2017 

(ie. mutations)



RNA-Seq is Empowering Discovery at Single Cell Resolution

Wagner, Regev, and Yosef.  NBT 2016 



Spatial Transcriptomics

CǊƻƳ άwb! ǎŜǉǳŜƴŎƛƴƎΥ ǘƘŜ ǘŜŜƴŀƎŜ ȅŜŀǊǎέ
Rory Stark, Marta Grzelak & James Hadfield 
Nature Reviews Genetics volume 20, pages631ς656(2019)

Spatial Encoding



A Myriad of Other Specialized 
RNA-seq -based Applications

!ŘŀǇǘŜŘ ŦǊƻƳ άwb! ǎŜǉǳŜƴŎƛƴƎΥ ǘƘŜ ǘŜŜƴŀƎŜ ȅŜŀǊǎέ
Rory Stark, Marta Grzelak & James Hadfield 
Nature Reviews Genetics volume 20, pages631ς656(2019)

RNA-Sequencing as your lens towards biological discovery



A Myriad of Other Specialized 
RNA-seq -based Applications

RNA-Protein Interactions

Ribosomal profiling

RNA-RNA interactions

RNA Structuromics

!ŘŀǇǘŜŘ ŦǊƻƳ άwb! ǎŜǉǳŜƴŎƛƴƎΥ ǘƘŜ ǘŜŜƴŀƎŜ ȅŜŀǊǎέ
Rory Stark, Marta Grzelak & James Hadfield 
Nature Reviews Genetics volume 20, pages631ς656(2019)



RNA-seq Publication Trend

Paper Counts from PubMed

Spatial RNA-seq

Single-cell RNA-seq

RNA-seq



RNA-seq library enrichment strategies that influence interpretation and analysis.

http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393
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Part 2. Transcript Reconstruction Methods



RNA-Seq Challenge: Transcript Reconstruction

Adapted from: http://www2.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics.html

Reconstruct original 
full-length transcripts

(Avg. ~ 2 kb)

(Avg. ~ 300 b)

(~ 75 to 150 b reads, SE or PE)


