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Annotation and Analysis for Diverse Genomes and Transcriptome
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My Favorite Activityc Bioinformatics Tool
Development and Applications
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Earlier developments focused on cancer transcriptomics:
Years 2012023

Cancer Transcriptome Analysis Toolkit

) Single Cell Tumor ~ STAR-Fusion
- ctat-LR-fusion
De novo Transcript

Heterogeneity InferChW
Reconstruction Cancer RNA-Seq

S
Trinit Tumor
DISCASM Mutations, Single Cell
RMNA-editing, & Copy Number Aberrations
Neoantigens InferCHy
- -":"Jt} Cancer
+ " &
Splicing
T- .
cg:ﬂ_r::;aé:nqs Fusion (Vi & Aberrations
Transcripts Transcript Oncogenic iruses |
Expression Genome Insertions G
STAR-Fusion =
TrinityFusion (575l CTAT-VirusintegrationFinder CTAT-Splicing
Fusioninspector i
CTAT-LR-Fusion i el

Interactive Visualizations and Summary Reports E%B

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.
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Transcriptomics Lecture Outline
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Intro to transcriptomics

Transcript reconstruction methods

Genomefree transcriptomics€g.for nonmodel orgs)

Expression quantification

Differential expression (brigfY2 N5 RSOl Af &a Ay
__________ Latest advancements in long read isoform sequencing
Overview of single cell transcriptomics

Overview of spatial transcriptomics

Applications in Cancer Transcriptomics
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Part 1. Intro to Transcriptomics



Intro to Transcriptomics
Central Dogma Of Molecular Biolog

https:// www.simply.sciencémages/content/biology/geneticsholecular _genetidggonceptmapCentral Dogma_of Molecular Biology.html
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Primary mRNA molecules Often Undergo Splicing in Eukaryote

Exon 1 Exon 2 Exon 3
Gene in the Genome @~ ——1  }— +—1  }——
Transcription l
Exon 1 Exon 2 Exon 3
Primary transcript | —)y —i—

Intron Splicing,
pQ /LAYy IZ
YR o0Q t2feéllRSyetl A2y

Processed RNA *

Translation

Protein

Adapted from: https:/ts.wikipedia.orgwiki/Splicing



Alternative Splicing

A Core regulatory process i diversifies
the function of genes.

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

I Protein isoforms

I Translation efficiency

I Stability

I Localization

i Reading frame changes

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

From Aziz £ QY KBroad Iri&tA

I Multiple Products from Single Genes

Pre-mRNA Mature mRNA

Constitutive splicing

?F

ik

Exon skipping/inclusion

|

Alternative 5 splice sites

Alternative 3’ splice sites

/N /N /N

Intron retention

|

/N /\

Mutually exclusive exons




Think of genes as protosentences

. +h
Gene: A catalytically active kinase wit a NLS
inactive without

From Aziz £ QY KBroad Iri&tA



Think of genes as protosentences

active .
kinase

Inactive without

Gene: A catalytically a NLS

Alternative splicing

with
\kinasel/ \Ja NLS|

inactive without

H with
|A catalytically kinase fa NLS]

inactive withoutV

A catalytically

active with
A catalytically kinase a NLS
inactive without
active with
|A catalytically) kinase fa NLS]|

\inactive withoutV

From Aziz £ QY KBroad Iri&tA



Fully formed sentencesy mature mRNA

: active .
Gene: Acatalytically —— ~ kinase - a NLS
inactive without
Alternative splicing Transcripts
‘ with
A catalytically \Ja NLS]| |A catalytically active kinase with a NLS)|
inactive without

‘ with
|A catalytically kinase faNLS| [A catalytically active kinase without a NLS|

inactive withoutV

active with
A catalytically kinase a NLS A catalytically inactive kinase with a NLS
inactive without
active with
|A catalytically kinase fa NLS| |A catalytically inactive kinase without a NLS|

inactiv withoutl/

From Aziz £ QY KBroad Iri&tA



RNA isoform sequencing provides structural insight

: active .
Gene: Acatalytically —— ~ kinase - a NLS
inactive without
Alternative splicing Transcripts Proteins Cellu!ar
function
active
[A catalytically -\’ a NLS |A catalytically active kinase with a NLS]| ( i g : kinase
inactive without nuclear targets

active with kinase
|A catalytically kinase aNLS| |A catalytically active kinase without a NLS| cytoplasmic targets

inactive Withoutv

competitive inhibitor

active with
A catalytically kinase a NLS A catalytically inactive kinase with a NLS @ A nuclear targets
inactive without

active with competitive inhibitor
|A catalytically kinase fa NLS| |A catalytically inactive kinase without a NLS| cytoplasmic targets

inactive withoutV

From Aziz £ QY KBroad Iri&tA



Biological Investigations Empowered Taynscriptomics

Extract RNA,
& X a2YS LINR{i202f T2

Northern ) J
[SYFp ey Analysis Method

v o4

- - (pick your favorite)
LS

il

OtherX
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==

Microarray - -
Sanger Sequencil wwon  wmon

gRTPCR



Gene expression analyses ignore isoform variation

Cellular
function

@ kinase
nuclear targets
kinase
cytoplasmic targets
@ A competitive inhibitor
nuclear targets

dw competitive inhibitor
cytoplasmic targets

Need to resolve isoforms for deepelf
insights into cellular functions

Gene expression

active with
kinase

inactive without

A catalytically

a NLS

From Aziz £ QY KBroad Iri&tA



Historical Timeline to Modern Transcriptomics (from 1970)

Reverse Transcription (1970)

Northern Blot
Sanger Sequencing
(1977)

Expressed Sequence Tags (199

cDNAmicroarrays (1995)

RNASe(q(2006:2008)
PacBidsoSed2014)
Droplet single cell RN8eq(2015)

Direct RNAegNanopore(2018)

SlideSeey2 (2021)

‘ Northern blotting H Sanger sequencing
cDNA seq i
EMBL
GenBank
Subtractive hybridization
RACE H qPCR
2) Differential displa
dbEST
SAGE
[[RT-gPCR H Oligonucleotide microarray
CGAP
SAGEmap

MPSS | EST shotgun

RNA-seq 454

RNA-seq SBS

Single-cell RNA-seq

DirectRNA—sea

InsilicoDB
Droplet RNA-seq

FromCieslikand Chinnaiyan
NRG, 2017

1970
1975
1980
{ Smith-Waterman |
198! FASTA
1990 BLAST
1995
2000
SAM
{Ensembl |
Limm:
2005 GSER
2010 GENCODE Trans- | [TopHat and
ABySS [ |Cufflinks =
STAR
Sailfish
2015
FANTOM5 TACO

2020

Note: Just a small
al YLX Ay 3
available.

Z

|
-

Smith Waterman (1981)

BLAST (1990)

SAMtools(2009)
TophatCufflinks (2010)

=2 > ]
708 SR

STAR (2013)
StringTie(2015)
Kallisto(2016)
Salmon (2017)
minimap2 (2018)
Seuratv2 (2021)




Modern Transcriptome Studies Empowered by RS#&(Q

Nextgen Sequencer
(pick your favorite)

Millions to Billions of Reads

RNAseq



Personal Reflections.
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Generating RNAeq: How to Choose?

l-"lr?)](igt HiSeq Nova 5500 318

Firefly Next | 2500 | Hiseq | HiSeq | HiSeq SeqS1| Nova | Nova HiQ lon
Platform 2018 | MiniSeq| MiSeq |Seq550| RR |2500V3|2500V4| 4000 |HiSeqX| 2018 | SeqS2 | Seqs4| XL 520 | 530 6-C4 | I | 9.5 | 10N RnD |
Reads: (M) 4 25 25 400 600| 3000| 4000( 5000{ 6000| 3300 6600| 20000 1400 3-5[ 15-20 165| 60-80 5.5| 38.5 - -- - - - --| 400| 1600 1600|--
Read length: 200 200
(paired-end*) 150*| 150*| 300*| 150*| 100*| 100*| 125*| 150*| 150*| 150*| 150*| 150* 60 400 400 200 200 16K|  12K| 32K -- - - - - --| 100* 50| --
Run time: (d) 0.54 1 2 1.2] 1.125 11 6 3.5 3] 1.66| 1.66/ 1.66 7| 0.37] 0.16 -] 0.16 4.3 0.4]--
Yield: (Gb) 1 7.5 15 120 120 600/ 1000{ 1500| 1800 1000 2000( 6000 180 1.5 7 10 12 12 8[--
Rate: (Gb/d) 1.85 7.5 7.5 100( 106.6 55 166 400 600 600| 1200 3600 30 5.5 50 --| 93.75 2.8 20|--
Reagents: ($K) 0.1] 1.75 1 5| 6.145 - - - - -| 10.5 0.6 - 1 1.2 24 i
per-Gb: ($) 100{ 233 66 50| 51.2 Rl 58.33 - -| 100 --| 200 el
hg-30x: ($) 12000 28000 8000| 5000| 6144| 4692| 3804 0| 7000 - --| 12000 --| 24000 -
Machine: ($) 30K| 49.5K| 99K| 250K| 740K| 690K| 690K| 900K 1M] 999K| 999K| 999K| 595K| 50K| 65K| 243K| 242K| 695K e
#Page maintained by http://twitter.com/albertvilella http:/tinyurl.com/ngslytics #Editable version: http:/tinyurl.com/ngsspecsshared
#curl "https://docs.google.com/spreadsheets/d/1 GMMfhyLK0-g8Xklo3YxIWaZA5vVMuhU1kg4 1g4xLkXc/export?gid=4&format=csv" | grep -v '"M#' | grep -v 'A"' | column -t -s\, | less -S

Stats circa 2018
For current, seehttps:// tinyurl.com/wbgcs65

S

Hlumina PacBio

*Not all shown at scale


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

Maybe something fast and portable?

Oxford Nanopore Technology (ONT) Minic Ao



Sequencing by Expansion (SBX) Technology

X-NTPs Xpandomer Synthesis

:> ~i ' “'~-._¥ : — :"--.._.r
f} = =. /S
oV

Backbone Cleavage and

NG Xpandomer Expansion
®
: i

XpandomersTravel Through Nanopore Detectors Xpandomer Signals Detected

https://sequencing.roche.com/us/en/articiisting/sequencineplatform-technologies.html



https://sequencing.roche.com/us/en/article-listing/sequencing-platform-technologies.html
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Lab Sets Guinness World Record for DNA Sequencing Speed
Oct 17,2025 | Company News |

Teams complete whole human genome sequencing and analysis in under
four hours, demonstrating potential for same-day NICU workflows.

Broad Clinical Labs, in collaboration with Roche Sequencing Solutions and Boston Children’s Hospital, has achieved
official recognition from Guinness World Records for the fastest DNA sequencing technique, completing sequencing
and analysis of a whole human genome in less than four hours.

https://clpmag.com/labmanagement/compamnews/labcollaborationrsetsquinnessworld-recorddna-sequencinespeed/
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A Plethora of Biological Sequence Analyses Enabled by-B&tA

| Genetic readouts | Virus Abundance 'Functional readouts|

|soforms

Structural
variants

Chimeras

Transcriptional
e

SNVs
(ie. mutations)

Figure 2 | Transcriptome profiling for genetic causes and functional phenotypic

readouts.
FromCieslikandChinnaiyan NRG, 2017



RNASeqis Empowering Discovery at Single Cell Resolution

Pon "
e P oy §- g

m% /Rare subtype
e
- ®
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A

Spatial position

Continuous phenotypes <& .
Regulatory [ Pro-inflammatory

Reuvisiting a

Erythrocyte previous state

Source state _|

A\ N.eutrophil

HSc  [-lymphocyte

Unidirectional
temporal progression

Wagner,RegeyandYosef NBT 2016
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Spatial Transcriptomics

Spatial Encoding

Tissue section

Spatialomics cDNA synthesis

Tissue section

oligo-dT
UMl
Spatial ID

7 A

CNRY awb! u K

aSljdsSyOAy 3y
Rory Stark, Mart&rzelal& James Hadfield
Nature Reviews Genetics volume 20, pageg636(2019)

G§SSyIr3S &SI Na¢

Sequencing )




A Myriad of Other Specialized
RNAseq-based Applications

RNASequencing as your lens towards biological discovery

gUVcrosslink Biotin

RNase V1 RNase S1
(digests (digests
dsRNA) ssRNA)

' RFLIISR FNRY dawb! aSljdzsSyOAy3dy GKS GSSyF3IS &SI Naé
Rory Stark, Mart&rzelal& James Hadfield
Nature Reviews Genetics volume 20, pageg636(2019)



A Myriad of Other Specialized
RNAseq-based Applications

RNAProtein Interactions

Ribosomal profiling

5UVcrosslink Biotin

‘ RNase V1 RNase S1
(digests (digests
dsRNA) ssRNA)

' RFLIISR FNRY awb! aSljdsSyOAay3
Rory Stark, Mart&rzelal& James Hadfield
Nature Reviews Genetics volume 20, pageg636(2019)

RNARNA interactions

RNAStructuromics




RNAseq Publication Trend

Paper Counts from PubMed

15000 ~

10000 -

NumPapers

5000 ~

0 -

ol mlum

2005

2010 2015 2020 2025

Year

RNAseq

Singlecell RNAseq

Spatial RNA&eq



RNA-seq Strategy

Initial RNA pool

Tissue

\

Isolate RNA,
DNAse

!

e e~

——__ N N\

NAVANR e

\/\/\—

htto://iournals.DIos.orq/DIoscorﬁobiol/arti_cle?id:10.1371/iournal.ocbi.1004393

Legend
S~ genomic DNA
immature RNA
—==... mature RNA
non-coding RNA
=0o=5*  ribosomal RNA
EEEs paired end reads

©PLOS |

RNAseqglibrary enrichment strategies that influence interpretation and analysis.

COMPUTATIONAL
BIOLOGY


http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393

RNAseqglibrary enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue

i

Isolate RNA,
DNAse

Initial RNA pool Legend
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A VAVaN S~ genomic DNA
immature RNA

. —==... mature RNA
non-coding RNA

Total =o=5<  ribosomal RNA
Selection/depletion  pna ) pbleadind vesdt

Resulting RNA pool
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A.Total RNA

iBroad transcript representation” . B e
1High 1RNAs
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1 High unprocessed RNA

-

N COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.137 1/journal.pcbi.1004393 @PLOS BIOLOGY
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RNAseqglibrary enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue
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RNAseqglibrary enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue

¢

Isolate RNA,
DNAse
Initial RNA pool e t——— . Legend
—\_ T N N\
2V aVas ~~_ genomic DNA
S, . immature RNA
—==... mature RNA
J } J } non-coding RNA
) . Total rRNA PolyA ¢ONA =<5 ribosomal RNA
Selectlon/depletlon RNA reduction  selection capture o2 paired end reads

D cONA capture

A.Total RNA

iBroad transcript cepresentation” . 1 ARG Uimited transcript representation (targeted) |
-Hiqh 1RNAS =i ¢ IVVTACGTA Very low rRNAs {
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H mgh unprocessed RNA 2 Moderate unprocessed RNA
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1

Expected Alignments v COMPUTATIONAL
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Part 2. Transcript Reconstruction Methods



RNASegChallenge: Transcript Reconstruction

(Avg. ~ 2 kb)

(Avg. ~ 300 b)

Reconstruct original

full-length transcripts
(~ 7510 150 b reads, SE or PE)

Adapted from: http://www2.fml.tuebingen.mpg.dedetsclimembers/researchiranscriptomics.html



