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SACKGROUND




Objective: Broad survey of RNA-Seq & Cancer
L Focus on breadth over depth

L Focus on methods focusing on tumor RNA-seq
'Will not cover eQTL RNA+Cancer=

- Focus on human applications and RNA 251,000
'Epigenetics/mouse largely not covered

Transcriptomics:
- Background & Core concepts w/ NGS

Applications
L Bulk Applications

- Emerging Methods TEanscriptoznZﬂg(s)J
ancer = 22,

Basics of Analysis

Bound to disappoint those dedicated those who live transcriptomics



REVIEW PAPERS




WITH IMPORTANT EXCEPTIONS...

... you are diploid with a maternal and paternal copy

... you have two copies of 22 chromosomes plus X and sometimes Y

... there are four nucleotides (A, T, C, G), about 3 billion bases long (ATTATA..)

... a copy of your genome is every cell.

... there are 4 millions genetic variants between two people (3 billion)

...Variants are of different types. Single nucleotide substitutions (SNVs),
Insertions/Deletions (indels), Structural Variants (inversions, duplications, translocations)
... most genetic variants are not functional. There are many variants in genes like
BRCA1, having a variant does not mean you carry the BRCA1 gene.

... changes occurring in a specific tissue or cell during our life are called somatic events
... SNPs € SNVs. SNPs are inherited. Polymorphisms are common in population & you
weren’t born with cancer.

... 1% of your genome is coded in genes, sometimes this is called your exome

... in genes, DNA is transcribed to RNA, RNA is translated to proteins

... genes are frequently transcribed as exons broken by introns, where the introns on
spliced out of mMRNA

... a considerable number of modifications can occur to proteins (e.g. phosphorylation)
... 99% of your genome we don’t understand, but we all recognize its important.

... two identically cloned calico cats look nothing alike because epigenetics matters

The exceptions are often the most important aspects of understand and treating

diseases.



VWHY TRANSCRIPTOMICS
MATTERS IN CANCER

» Interpretation of functional impact of DNA variation
« Provide possible biomarkers for diagnosis or progression
« (Give insight into biological drivers, response, therapies




HUMAN GENOME PROJECT

Table 8 Chromosome size estimatos
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ANOTHER FORM OF ANALOG MEASUREMENTS: ARRAYS

Quantification of complementary transcripts (25-120bp)



ENGINEERING NEW MEASUREMENTS

Traditional Sanger Sequencing: 1985+
= Engineering improvements (capillaries/dyes)
= Consensus of billions of molecules

Microarrays: 1995+
» Detection of gene variation by hybridization
= Consensus of billions of molecules

Single molecule sequencing: 2007+

= Each read derived from ingle m
clonally

= Millions
(lawn-se

Single cell sequencing: 2012+
= Full RNA-seq on single cells in solutio
= Emerging spatial genomic




SEYOND [RANSCRIPT ABUNDANCE

INTEGRATION OF DNA

Allele specific expression, non-sense mediated
decay, P3|, intron inclusion, and more




KEY PRINCIPLES THAT YOU MUST KNOW

Pseudo-single molecule reads
= A heterozygous SNP will give the paternal or maternal allele in a single read, not both

Paired-Reads
First 100 bases and last 100 bases of a ~500bp DNA molecule

Billions of reads in a sequencing run
=  Sampling matters and is how we control error




Concept of NGS Sequence Analysis

Reference (Person A)

ATTAGATTAATTAAAATTCCGCGCATACGATAGCA&ATACATAGATAAATTAGCTACGTATCATAACCATAATACGTATCATAACCATAATTGCGCATGCGCAT

Sequence (Person B)\: First and last 25bp from a ~300bp fragment

Heterozygous A/T SNP
CGCATACGATAGCATACATA
Read 1 AACCATAATACGTATCATAA What'’s the functional impact?
ACGATAGCATTCATACATAG
Read 2

Steps to remember:

Read 3 1. Alignment (produces BAM file)

2. Variant Calling (produces VCF file)

3. Interpretation (produces powerpoint)

Read 5 GATAGCATACATAACATAC
TAACCATAATTGCGCATGC

Read 4




VARIANTS: EXAMPLE

Chromosome |

Counts |

Normal
Allele Ratio
e
Tumor SNV/SNP r

Gene Track |



NEXT GENERATION SEQUENCING

Quantum Measurement of Molecular Variation

I Point Mutations — Single Nucleotide Variation (SNVs) &
Small Insertions/mutations (Indels)

I Copy Number — Changes in abundance — both DNA/RNA

I Rearrangements —Translocations and Structural variants via
read mapping

I Transcriptional Profiling — Abundance, exon level, isoform
level, and study splicing defects



VISUALIZING TUMOR / REFERENCE IN IGV

Aligned Reads Reads Spanning Junctions




QUANTIFICATION/ABUNDANCE/DIFFERENTIAL EXPRESSION

Abundance:
= FPKM: Fragments Per Exon Kilobase of Sequence Per Million Reads
. Some genes are longer then other genes and they get counted more

= TPM: For every 1,000,000 RNA molecules in the RNA-seq sample, x came from this
gene/transcript

» Transcripts? Why the use of genes....

Differential Expression Should Sot be done using Abundance

= Let’s say you have erythrocytes higher in 1 sample, adding lots of globin

. HBB: TPM in sample A is 600K
. HBB: TPM in sample B is 300K.

— Because TPM is fractional, all TPMs are lower in Sample B.
— You need to normalize before differential expression!
— You need the count level data to addresss these types of issues.






TRANSCRIPTOME

- Raw Data View:

«  Pre-spliced, Spliced,
Strandedness

= Allele counts, etc.

- BEYOND QUANTIFICATION

Coverage Track
Showing read depth, Mismatches

Stranded Paired Reads
Showing only mismatches as colors

Gene Track
Showing Genes, Their Exons, Introns, UTRs, etc




TRANSCRIPTOME: BEYOND QUANTIFICATION

— Transcript Quantification(ZQQM OUT)
= Pre-spliced, Spliced,

Strandedness
Pre-spliced mRNA Coverage Track
Intronic reads Showing read depth, Mismatches

Split in alignments inform intron splicing
Blue is an inferred junction

Genetrack
Introns, exons clearly evident

Genes are expressed in different isoforms
Multiple isoforms can be present




TRANSCRIPTOME: BEYOND QUANTIFICATION

- Junctions/Isoforms SNPs
Alternative start-sites = Allele specific expression
= Non- diated decay, eQTL
Integrated to individual w/ DNA on-sense mediated decay, eQTLs




NGS VARIANTS

Normal

DNA

Fewer Reads

Reads mapping too far apart
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SBEYOND THE CODING




HUMAN
VARIATION

AT THE RNA
LEVEL
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TRANSCRIPTOME: SNPS




INTRON INCLUSION

Bioinformatics. 2013 Jan 15; 29(2): 273-274

David Wesley Craig (davidwcr@usc.edu)



RANSCRIPTOMICS




TUMOR BIOLOGY IS DRIVEN BY SUB-POPULATIONS AND HETEROGENEIGHTY



CANCER IS A MIXTURE OF TUMOR AND HEALTHY CELLS



EASY EXAMPLE: FUSIONS




EXAMPLE CHOLANGIOCARCINOMA

35 somatic coding mutations
L Two COSMIC genes

L' None in known commercial cancer panels
L One flagged inferred therapeutic context

One focal copy number event on chr3
L None flagged inferred therapeutic context

RNA-seq data Differential Expression
L None flagged inferred therapeutic context

Structural Variants and Fusions
L None flagged inferred therapeutic context

Tumor DNA

Tumor RNA

ERFFI1 — Context for EGFR Activation

I EGFR inhibitor was recommended By Tumor Board

I Previously bulky much smaller and much less
metabolically active at 10/25/12 on PET/CT.

| >60% reduction of retroperitoneal left periaortic node from
08/06/12 to 10/25/12 on PET scan.




SAMPLE PREP TYPES

Library Preparation

Size Selection — smallRNA

FFPE Considerations Fresh/Frozen/Cryo

A fraction of types of assays



EXAMPLE: CERVICAL CARCINOMA

Integration of HPV (Detailed)

HPV18 DNA is evident as is expression of RNA

Orange reads indicate pair
DNA mapping to Chr 6

RNA

HPV 18 Genome (NC_001357)












ALT SPLICING IN PCAWG



SIOMARKERS




ANALYSIS COMMON FEATURES

Quality Control

Alignment/Assembly

Detection & Abundance

Normalization

Significance Of Model/Hypothesis




Analysis Involves:

= Domain Specific Knowledge (Biology/Data)
= Often home-brew software, layered over standard pipelines
= R/Bioconductor Key Tools




UTILIZING IDEP FRAMEWORK FOR LEARNING




L EARNING BY EXAMPLE

http://bioinformatics.sdstate.edu/idep/




PRE-PROCESSING

Log Scales
RNA-Seq spans many orders of magnitude




UNSUPERVISED: HEATMAPS, PCA, HIERARCHAL CLUSTERING

Heatmaps eproducibility/Filtering ion

Hierarchal Clustering



CLUSTERING




DIMENSION REDUCTION: PCA, T-SNE, MDS




DIFFERENTIAL EXPRESSION

Volcano Plots

MA-Plots



PATHWAY ANALYSIS




DATABASES, ANALYSIS, AND SOFTWARE TOOLS




CUTTING EDGE:

RNA-SEQ EMPOWERING

ANALYSIS OF HETEROGENE!

Single cell RNA-seq
Spatial Transcriptomes

Y



SINGLE-CELL RNA-SEQ

Functional Studies w/ snRNA-seq Study Types



ASSESSING TUMOR HETEROGENEITY

X))

Molecular Annotation of Cluster Data : 0
« Immune cluster profiling

Spatial Gene Expression Maps
ESTIMATE Yoshihara et al., Nature Communications; 4
(2013): 2612
= Cibersort
Newman et al., Nature Methods. 2015; 12:453-
457 (2015)
= XCell
Aran et al., Genome Biol. 2017;18(1):220.
« Inflammation and Immune Scoring

Ayers et al., J Clinical Investigation. 2017; 127(8):2930-
2940.

Tumor cluster profiling

= GSEA
Subramanian, Tamayo, et al. PNAS. 2005; 102, 15545-

15550. Immune Cell Infiltrate




SLEEDING

—~DGE LONG-

READS REALTIME




BLEEDING EDGE IMMUNE SINGLE CELL







IN CLASS ACTIVITY




