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HELLO!

e Computational Biologist
o Princess Margaret Cancer Centre (Toronto, ON)
o Celsius Therapeutics (Cambridge, MA)

e Focus: Genomics to discover new therapeutic targets in oncology
o Single cell RNA-sequencing
o Whole exome & genome sequencing
o Genome-wide CRISPR screens



PROBLEM: WES DATA IS TRADITIONALLY INACCESSIBLE

e Whole exome sequencing
(WES) data is big!

e Pipeline output often
accessible by command
line only

e Challenging to share data
across all steps of the WES
pipeline — from alignment to
bespoke analyses
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Use Teams

Data

WES DATA IS USED ACROSS DIVERSE RESEARCH TEAMS

Sample Acquisition & Discovery, Interpretation

Sequencing Preprocessing & QC

Processing & Validation
Project Management Platform Data Engineering Computational Biology
Clinical Operations NGS Sequencing Core Computational Biology Biologists
Platform Platform Business Development
Sample Tracking Generate Data Run.PlpeImes An.alysis
Track Data Production Transfer Data Flag Failed $amples Mechanistic Hypotheses
Catalog Data Evaluate & Revise Protocol  Discover Novel Assets
Sample Metadata Sample Sheets FastQC, MultiQC Custom Plots & Files
Sample Sheets Raw Data (bcl, fastgs) QC Metrics (depth ...) Mutations (vcfs, mafs)
Mutations (vcfs, mafs) Alignments (bams) Alignments (bams)

Users with variable programming abilities interact with WES data across all steps of workflow
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SOLUTION: PACKAGE & SHARE WES DATA WITH QUILT

PROCESSING PIPELINE DOWNSTREAM ANALYSES

Raw Data (fastgs, bams ...) Jupyter Notebooks

Execution Commands & Logs Sample Metadata

Pipeline Outputs Custom Files

QUILT PACKAGE

Findable, Accessible, Browsable 29 Versioning Analysis Results

@ Shareable Links

(D Interactive Visualizations



CASE STUDY: PROCESSING & ANALYZING CCLE WES DATA

Raw WES Data

(Pre-)Processing Pipeline

Downstream Analysis

e Data Source: Cancer Cell Line
Encyclopedia (CCLE)

e 9 KRAS-mutant samples from 3
cancer indications

e Fastgs downloaded from
Sequence Read Archive (SRA)

e Nextflow nf-core/sarek pipeline,
tumor-only mode
e Alignment & Preprocessing

e Variant Calling & Annotation
o mutect?, strelka, bcftools, freebayes, VEP

e Summary Reports

Convert vcfs to mafs

Filter & query variants

Custom analyses & outputs
Inspect alignments & mutations
Plot sample metadata and

mutation metics

i

Quilt packages enables efficient data access, tracking & sharing
across all stages of the WES workflow
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PACKAGING NEXTFLOW OUTPUTS WITH NF-QUILT

Re-process CCLE data with nf-core/sarek Outputs packaged with nf-quilt

@ s3://quilt-example-bucket v SI92+ Q v Search URlI Docs -

B
3 annotation
O csv

0 multiqe
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&8

<«

pre-processing Q variant calling annotation

0 pipeline_info
3 preprocessing
[ reports

0 tabix

O 000000 a0o

[ variant_calling

nf-core/sarek Pipeline Run Log X COLLAPSE

Sarek Pipeline

2023-08-29T702:29:38.423847558

@ Run Command
variant calling: X
SNPS, ll’ldE|S, SV, CNV' MsSI nextflow run nf-core/sarek -profile docker \
-plugins nf-quilt@e.4.5 \
-resume \
--outdir "quilt+s3://quilt-example-bucket#package=wes/result" \
--input "quilt+s3://quilt-example-bucket#package=wes/ccle@abf1e19890139aa12cfd497b9b6709a0932ab1d78c57a1d14a46a7e5068198c13&path=sarek_sample:
--wes true \
--save_mapped true \
--save_output_as_bam true \
--tools "freebayes,mpileup,mutect2, strelka, vep"

Core workflow

Germline variant calling Workflow
workflow run name: boring_allen
scriptFile: /home /ubuntu/.nextflow/assets/nf-core/sarek/main.nf
sessionld: 2844afBa-56ee-4640-%9eec-73588774d02c
start: 2023-08-29T702:01:28.759679847Z
complete: 2623-68-29T702:25:38.461447625Z

Tumor only variant calling

Tumer-normal pair variant calling
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Adapted from: Fellows Yates, James A_, et al. Peer] 9 (2021).

https://nf-co.re/sarek/3.2.3 https://docs.quiltdata.com/examples/nextflow




HARMONIZED PIPELINE OUTPUTS, NOTEBOOKS & RESULTS

“How does fastqg X look?” “How were mutations filtered?” “Which samples are KRAS mutant?”
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@ s3://quilt-example-bucket v SIa 2+ Search @ s3://quilt-example-bucket v S y 2+ Q Search @ s3://quilt-example-bucket v S'D 2+ Q v  Search URI Docs - LRICHARDS v

Generate a high-confidence list of somatic variants

1. Generate list of consensus variants, defined as vairants called by 3 of 4 callers
2. Filter mutations to obtain high confidence list of somatic variants

A. Remove X & Y variants

B. Subset to only "PASS" mutations, as labelled by variant callers

C. Remove low coverage variants, with <20 reads at variant site

D. Remove low frequency variants, with <0.05 variant allele frequency (VAF)

Browse non-synonymous somatic variants X COLLAPSE

MultiQC Report

VEP annotated VCF files filtered to generate a high-confidence list of somatic variants for each sample. Variants must be present in 3 of the 4 callers, have a minimum depth of 20 reads and
a minimum allele frequency (VAF) of 0.05.

3= FILTER AND PLOT @ TOGGLE THEME

An interative report aggregating module outputs across samples from nf-core/sarek pipeline. Includes FastQC (raw), FastP (read pre-processing), GATK4
Mosdepth, GATK4 BQSR, Bcftools, Vcftools, VEP and methods/version/workflow summaries

General Stats

Datagrid Hugo_Symbol == : KRAS X

abc Tumor_Sample_Barcode

Tumor_Sample_Barcode Hugo_Symbol Entrez_Gene_ld Chromosome Start_Position End_Position Variant_Classification Variant_Type Reference_A
abc Hugo_Symbol

123 Entrez_Gene_Id

A modular tool to aggregate results from bioinformatics analyses across many
single report.

1

T3M4_PANCREAS_SRR8619031 KRAS
SNUT197_LARGE_INTESTINE_SRR8619227 KRAS 3 : 25 0 Missense_Mutation SNP

FastQC (raw) 341 Missense_Mutation SNP

abc Chromosome

123 Start_Position
123 End_Position SNU175_LARGE_INTESTINE_SRR8619175 KRAS 3 4 y 5 9 Missense_Mutation SNP

abc Variant_Classification CALU1_LUNG_SRR8619275 KRAS 3 y 25 Missense_Mutation SNP
abc Variant_Type MORCPR_LUNG_SRR8619213 KRAS 3,845 . 25 Missense_Mutation SNP

abc Reference Allele NCIH1944_LUNG_SRR8619257 KRAS 3 ‘. 47 25 / Missense_Mutation ~ SNP
abc Tumor_Seq_Allele1

Set Up

This report has been generated by the nf-core/sarek analysis pipeline. For informatig

A import quilt3 as q3
interpret these results, please see the documentation. P 9 q

import pandas as pd
import numpy as np

oo o o o 4y

Report generated on 2023-08-29, 02:22 UTC based on data in:
/home/ubuntu/environment/work/1b/c2a@35666aaee5ff024b990e6b94cl abc Tumor_Seq_Allele2

123 t_depth

pd.set_option('display.max_columns', None)

[CECECECHCECECECECC NN

Load combined maf file https://quilt-example-bucket.s3.amazonaws.com/wes/result/mafs/combined VEP.ann.FILTERED.NONSYN.
Use unfiltered maf file with variants from all samples and callers maf.tsv?versionld=skE_jS.sgEDHQ8Qt.aTsRYFURgPIChLrO

General Statistics

i Copy table = 12 Configure Columns JdiPlot | Showing 1%8/405 rows and 2%/3; columns.

Sample Name % Dups % GC MSeqs % Duplication M Reads After Filterin

# this is a big file, could take a minute

maf = pd.read_csv("/Users/laurarichards/quilt_data/20230815_sarek_hotspot_demo/mafs/combine
i . c sep = "\t",

https://quilt-example-bucket.s3.amazonaws.com/wes/result/multigc/multiqc_repor low_memory = False,

comment = "#"

t.html?versionld=j41NK60ggyiNi7npG.TXxjMII9qgLiSan )

# make a unique ID for each mutation using gene name, base change, chromosome and start/end
maf["Mutation_ID"] = maf["Hugo_Symbol"].astype(str).astype(str) + "_" + maf["Reference_Alle
maf["Tumor_Seq_Allele2"].astype(str) + "_" + maf["Chromosome"].astype(str) + "_" + maf["Sta

https://quilt-example-bucket.s3.amazonaws.com/wes/result/notebooks/3_filter somati
c_variants.ipynb?versionld=Safrp27FnAwuo.RRj4MeTbOEQAD3.Qrc

Preview pipeline outputs (htmls, bams, vcfs ..) & custom notebooks in the same package
Search, share, browse & plot results without ssh-ing, emailing or installing extra software




BROWSE GENOMIC DATA DIRECTLY IN QUILT PACKAGES

Interactive visualization of alignments & variants with IGV directly in Quilt package

bam files from nf-core/sarek variants (vcf, maf ...) from nf-core/sarek

. il4- o Q w
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. - IGV Variant Report %
Interactive Genome Sequence Viewer (IGV) X COLLAPSE & P SO

Self-contained HTML reports that consist of a table of genomic sites or regions (as generated by nf/core-sarek output: vcfs, mafs, bed ...) and associated IGV views for each site. The
Interactive tool for visual exploration of alignment files (.bam) generated by nf-core/sarek analysis pipeline generated HTML page contains all data neccessary for IGV as unencoded blobs & can be opened within a web browser as a static page, with no depenency on the original input files.

————— https://github.com/igvteam/igv-reports
IGV hg3s |chri2 v| | chr12:25245309-25245390 @ Q_ 82bp (Cursor Guide ) (Cent ) (D (52056 @ e——) ()

CTC N NN >SN BN Y N N N =N ES O Ww W o>

¥ VARIANTS

,245,310 bp 25,245,320 bp 25,245,330 bp 25,245,340 bp 25,245,350 bp 25,245,360 bp 25,245,370 bp 25,245,380 bp 25,245,3 chrl7 7674873 7674872 TP53
T e S e et T N

chrl2 25245351 25245350 KRAS
TCTGAATTAGCTGTATCGTCAAGGCACTCTTGCCTACGCCACCAGCTCCAACTACCACAAGTTTATATTCAGTCATTTTCAG chr7 100952058 100951867 MUC3A

chr7 55161563 55161562 EGFR
chr10 128103484 128103483 MKI67

IGV | chr7:55,161,542-55,161,581  Q 40bp (Cursor Guice ) (CEIIEDS EXEED) (Sve5'0) (@ ey ()
an = =l =§ =5 I IEITHEE B I I BN =B =B BN =B =D

Zj SNU61_LARGE_INTESTINE (SRR8618987

0

55,161,550 bp 55,161,560 bp 55,161,570 bp 55,161,580 bp

IIIII = =

2“7} SRR8618987.sorted

0

No need to remember bam locations, just browse to Quilt Package
Enables quick lookups & easy access across teams



PLACEHOLDER FOR DEMO

e https://demo.quilt.quru/b/quilt-example-bucket/tree/wes/result/

e Highlight...
o Input data, sarek outputs (bams for example)
Jupyter notebook can render
README & Sarek log
MultiQC front & centre, don't need to search nested pipeline outs
Loaded bams from sarek alignment outs into interactive |GV, search your fav variants, explain how to
read IGV
Generate a variant report using vcfs or custom files from analysis, where select variants of interest,
for example these in oncogenes, Ex missense mutation in EGFR
o Search KRAS mutations
o Plot sample metadata
m Number mutations per cell line (Y Bar, Group By == “Sample ID”, Mutation Count)
m Number mutations per indication (X/Y Scatter, Tumor Type, Mutation Count)
m Relationship between fraction genome altered & mutations (XY, Doubling time, fraction genome
altered)

O O O O

O
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https://demo.quilt.guru/b/quilt-example-bucket/tree/wes/result/

QUILT PACKAGES MAXIMIZE UTILITY OF -OMICS DATA

Quilt package highlights from a computational biology perspective....

e Makes “big data” manageable, digestible & usable

e Everything in one place (data, run commands, logs, reports, visualizations ...)

e Send shareable links to the exact version of data to colleagues (and find your data!)
e Facilitate quick lookups in notebooks & data files

e Minimize meeting preparation time, no more slides — just browse Quilt Package

e Maximize discovery and interpretation by reducing barrier to access

Quilt Packages for WES data are Accessible, Searchable, Versioned,
Shareable & Interactive across all team members, regardless of programming ability
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THANK YOU! QUESTIONS?




