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What is OMICS? CINECA

CINECA has built OMICS, an user-friendly web interface designed for seamless
uploading and processing of genomic data through NVIDIA Clara Parabricks,
a software suite of GPU-accelerated genome analysis tools for genomic read

alignment, variant calling, and GVCEF filtering and post-processing.

Main Features

Data security and privacy compliance with EU
GDPR regulations are maintained through @
secure encrypted cloud Virtual Machine (VM)

o VM is equipped with GPUs to make the
analyses increasingly scalable

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 e Istruzione e Ricerca
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What is OMICS? CINECA

« OMICS main dashboard allows users to effortlessly upload their raw data and
customize advanced options for three containerized pipelines
« Capabillity to swiftly upload and download large datasets (e.g. raw sequence dataq)

Search for a gene: | tp53 | B

TP53
IGV ng3s |chri7  TP53AIP1 8237677902 Q@ 79bp Track Labels ° —— o
TP53BP1
TP53BP2
TEITE ) 7,677,850 bp ) 7,677,860 bp ) 7,677,870 bp ) 7,677,380 bp ) 7,677,890 bp ‘ 7,677,900 bp
TP53BP2P1
TATATGA BCGAGAAAGAGCAAGGGGCAGCCCCTGTGTGGACCAGCATCTTGCACGAAGTTATGCAAC I
TP53COR1
samﬁle.vctﬁ: u
TP53CP

« OMICS aims to streamline WGS data analysis while prioritizing user experience, data
privacy, and accelerated processing through GPU technology, aiming at supporting
activities of Spoke 0 and Spoke 8 of ICSC

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 e Istruzione e Ricerca
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Il gruppo dilavoro CINECA

o Giuseppe Melfi

« Silvia Gioiosa

« Alessandro Grottesi
« Juan Mata Naranjo
« Xhulio Dhori

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 e Istruzione e Ricerca



Photo by Tim Mossholder on Unsplash

Under the hood

Let's look at what's going on behind the scenes


https://unsplash.com/@timmossholder?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/car-engine-bay-VurHDpO4VYI?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
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DI RIPRESA E RESILIE

High level architeciure

« Simplified/unified access I

» Unified data layers
o APls
o Knowledge Graph
o Storage

 Vertical custom tools

ICSC Italian Research Center on High-Performance Computing, Big Dataan Q

Frontend UI
REST API
Knowledge Graph
Service Service Service Service
#1 #2 #3 LR
Tools Tools Tools Tools
Storage

p e Ricerca
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Design propertfies

% CINECA CLOUD

s ~

[@ COMPUTE NODE ‘

« Open Source techs

*  Microservices ' ‘ @ @ @

. ) SERVICES NODE
oriented Worker1 Worker2 Worker3

« Cloudready ﬂ 1
. Easy portability - , @ @ @
i E(jsy SCCI|CIbi|i‘|‘y Worker4 Worker5 Worker6é |
N ° O ) & 6_4
Private Cloud 9 < : ) )
resources Users Frontend KGraph \@ GPU COMPUTE NODE }
gateway
e e e
- @ < L Worker1 Worker2 Worker3
S3

K

Worker4 Worker5 Worker6
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Current Features e, | mm B e

Co-ordinate BQSR
Alignment Sorting Duplicates Report

Pair-ended
Fastq files

__________________________

* Multichunk Upload (User can upload large b
fastqg files directly from the interface) T |

|
I
|
Fastq files _..:
I
|
I
|

VCF
file

BWA-Mem
Alignment

Co-ordinate Mark Haplotype
Soring Duplicates Caller

* Quality Check (Fastgc and Mulfigc report)

g MU |

» Mark-Duplicated BAM/CRAM

* Ready to use pipelines on GPUs:
« Fg2bam |
« Germline N Ao Qoo QN Oulaes g Cecrerin
 DeepGermline |
« Somatic

» Mark-Duplicated BAM/CRAM

Mark-Duplicated BAM/CRAM

« Annotation tools (VEP)

BWA-Mem Co-ordinate Mark

« Visualization (IGV Browser) e~ [ R R

 User Guide .

BWA-Mem Co-ordinate
Alignment Soring

Normal
fastq files

ICSC Italian Research Center on High-Performance Computing, Big Data and Qu > Mark-Duplicated BAM/CRAM
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Processing Time for OMICS

1 Size 3GB
[ Size 11GB

&

Time (minutes)

10 A

fq2bam germline deep_germline somatic

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 e Ist uzi) 1 2 ®ig veg
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NEXT STEPS

 Beta tester feedbacks

« Partners feedback on data management and
permissions, sharing results within own organization

- Batch analysis on multiple samples

« Re-run analysis with the same parameters
» Upload with command line

* Preprocess your data (frimming...)

« Cloud upgrade (more GPUs available)

« UX/Ul improvements

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 e Ist uzi) 1 2 ®ig veg
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Demo live

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 e Istruzione e Ricerca



DASHBOARD

ge ~ & Xhuldhor ~

@ Dashboard

Dashboard

X Upload

LOGIN

[ 1 S -
- =]
Total users Total files Total processes

Genomics - Ul

¢ . i Username

CINECA



UPLOAD

O3 Language ~ a Xhuldhor ~

S e You have used 0% of 1.00 TB, if you exceed 80% of your quota, you will not be able to upload files. X
L Upload
Z Parabricks '+ Y Upload file
* . . .
Specify some tag for the file you are uploading
Tags: ‘ Add Tag ‘

Choose files  No file chosen Upload Fastq Reset Files

i test_2.fastq.gz

90 00

e .
B Your files
Type to filter files
File Type Size Date ~ Tags
« la T test fastq.gz Fastq 10.49 MB 20/06/2024 13:47:11 @ @

CINECA



START ANALYSIS

0= Language ~ & Xhuldhor ~

Upload

E  Parabricks Fg2Bam Germline Deep Variant (Germline) Somatic

Fg2Bam Description
FQ2BAM is the Parabricks wrapper for BWA-MEM, which will sort the output and can mark duplicates and recalibrate base quality scores in line with GATK best practices.

BWA-MEM can be deployed within Clara Parabricks, a software suite designed for accelerated secondary analysis in genomics, bringing industry standard tools and workflows from CPU to GPU, and delivering the

same results at up to 60x faster runtimes.

o, .
‘\ SE or PE ~ |

Input File 1 ~

BAM Output file Jbam

Your Output files

Type to filter files

Date v Status Version Service View Download

Output

Mo data to display
« [ETs




START GPU ACCELERATED ANALYSIS

B2 Language ~ & Xhuldhor -

Fg2Bam Germline Deep Variant (Germline) Somatic

X Parabricks Germline Description

'_@ Fas
The germline pipeline shown below resembles the GATK4 best practices pipeline. The inputs are BWA-indexed reference files, pair-ended FASTQ files, and knownSites for BQSR calculation. The outputs of this pipeline
are as follows:
» Aligned, co-ordinate sorted, duplicated marked BAM
« BQSR report
« Variants in vcf/g.vcf/g.vef.gz format
BWA-MEM can be deployed within Clara Parabricks, a software suite designed for accelerated secondary analysis in genomics, bringing industry standard tools and workflows from CPU to GPU, and delivering the
same results at up to 60x faster runtimes.
® - e :
sample_1.fg.gz ~ Paired End ~ £ Advanced Options
L3 ]
sample_2.fq.gz ~
Vef Qutput file  sample wef
Vep Annotator
Disable Vep Annotator
co jins
CADD
Start Analysis
« IE!

CINECA



CONFIGURE ADVANCED OPTIONS

O3 Language ~ & Xhuldhor ~

The germline pipeline shown below resembles the GATK4 best practices pipeline. The inputs are BWA-indexed reference files, pair-ended FASTQ files, and knownSites for BQSR calculation. The outputs of this pipeline
are as follows:

Z Parabricks . . .
« Aligned, co-ordinate sorted, duplicated marked BAM

R Fastqc « BQSR report
« Variants in vcf/g.vef/g.vcf.gz format

BWA-MEM can be deployed within Clara Parabricks, a software suite designed for accelerated secondary analysis in genomics, bringing industry standard tools and workflows from CPU to GPU, and delivering the
same results at up to 60x faster runtimes.

e i ]
sample_1fq.gz ~ Paired End ~ £ Advanced Options

sample_2.fq.gz ~

Vcf Qutput file  test wvef

Vep Annotator Configuration

Enable Vep Annotator Haplotypecaller Options:

o A: AS_BaseQualityRankSumTest,AS_FisherStrand

o Min Pruning: 5
Reset Advanced Options

Start Analysis

Your Output files (2 ]

CINECA



CONFIGURE ADVANCED OPTIONS

Haplotypecaller options General Options

A Options ~ GVCF

=3
QOutput Mode:
Default
Min Pruning:
2

CINECA



VEP ANNOTATION

Top of page

VEP run statistics
Data version
General statistics
Variant classes

Consequences (most severe)

Consequences (all)
Coding_consequences

Variants by chromosome

Position in protein

Variant classes

Variant class
indel
sequence_alteration
insertion
deletion
SNV

@ sequence_alteration
0 insertion
® deletion
@ SNV
Cther

Count

23

345
7,777
9,236
108,562

Consequences (most severe)

missense_variant
@ splice_region_variant

@ splice_polypyrimidine_trac...

synonymous_variant
@ 5 _prime_UTR_variant
@ 3 _prime_UTR_variant

@ non_coding_transcript_ex...

@ intron_variant
upstream_gene_variant
downstream_gene_variant

@ intergenic_variant
Other

CINECA



IGV VISUALIZATION FOR VCF AND BAM FILES

Search for a gene: | tp53 B

GV rwo [ovi7 TPS3APT  ieremso | q 21 Le—t

TP53BP1
TP53BP2
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TP53BP2P1
)
TP53COR1
@ Zoom in to see features n
TP53CP
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FASTQC AND

Fastqc quality control for raw fastq

E
Your Output files (2 ]
Service View Download

Type to filter files
Date ~ Status
Complete Fastqc

Output
o sample_1_fastqc.zip, sample_1_fastgc.html, sample_2_fastqgc.zip, 20/06/2024 17:26:03
sample_2_fastge.html

CINECA



FASTQC AND MULTIQC REPORT

smatee e multige

General Stats L . . . 3
A modular tool to aggregate results from bioinformatics analyses across many samples into a single report. 3
(=]
FastQC =
Report generated on 2024-05-03, 08:35 UTC based on data in: /multiqc/27657bac-a62d-4a2e-a699-186879016884
Sequence Counts #
Sequence Quality Histograms
Per Sequence Quality Scores © welcome! Not sure where to start? (6:06) don't show again A
Per Base Sequence Content q)
Per Sequence GC Content General Statlstlcs
Per Base N Content R2
A Copytable || HiConfigure columns | ¥ Scatterplot | = Violinplot = Showing %/ rows and ¥/ columns. Export as CSV
Sequence Length Distribution
Sample Name % Dups % GC M Seqs
Sequence Duplication Levels P P 4 H
sample 1 39.7% 45% 26.7TM
Overrepresented sequences by sample — ls
Top overrepresented sequences sample_2 37.6% 455 267M
Adapter Content o
Status Checks
FaStQC Version: 8.11.9
Software Versions FastQC is a quality control tool for high throughput sequence data, written by Simon Andrews at the Babraham Institute in Cambridge.
Sequence Counts O Hep
Sequence counts for each sample. Duplicate read counts are an estimate only.
Export Plot

Percentages

FastQC: Sequence Counts

B Unique Reads
M Duplicate Reads

sample_1

sample_2

=]
o
=

CINECA
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