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NVIDIA is Helping Across the Computational Genomics Workflow
From sequencing sensor to biological insights
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NVIDIA Parabricks for Alignment & Variant Calling
Speed, Scale, Accuracy

Up to 100x Acceleration

Up to 100x faster for WGS 

compared to CPU-only

Higher Accuracy with AI

The power of deep learning for 

customized high accuracy analysis

Up to 50% Lower Cost

Up to 50% lower compute cost for 

WGS compared to CPU-only

Universal Analysis

Industry-standard tools for all 

major sequencers, ported to GPU



Key Applications of NVIDIA Parabricks
Accelerated and Deep Learning Genomic Analysis

Population Genomics Cancer Genomics RNA Sequencing



Higher Speed
From hours to minutes

Runtimes on NVIDIA GPU (8xH100)

Runtimes on CPU (m5.24xlarge)

End-to-end germline sample analysis with industry-standard tools in under 15 

mins on the new NVIDIA H100 GPUs

Germline GATK

(FQ2BAM + HaplotypeCaller)

Germline DeepVariant

(FQ2BAM + DeepVariant)

14 mins

14 mins

~18 hrs

~30 hrs



Up to 80x Acceleration
Gold-standard results, faster

v3.8 Benchmarks

Dataset: HG002 30x WGS, except Mutect2 on SEQC2 50x WGS

CPU: m5.24xlarge; GPU: 8xA100, except DeepVariant & Mutect2 on 8xV100

11 mins ~4 hrs

6 mins ~9 hrs

4 mins ~16 hrs

11 mins ~5 hrs

45 mins ~31 hrs

BWA-MEM

Sort, MarkDups, 

Apply BQSR

HaplotypeCaller

DeepVariant

Mutect2

Runtimes on NVIDIA GPU

Runtimes on CPU



A Universal Analysis Solution

Long-ReadShort-Read



Universal Sequencing Analysis
The only hardware-accelerated solution for multiple sequencers

Accelerated DeepVariant models, for up to 

75x faster variant calling

Alignment

BWA-MEM

Oxford Nanopore 

sequencing

Basecalling + Integrated 
Alignment

Dorado

Minimap2

Small Variant Calling

DeepVariant

ONT model

PacBio 

sequencing

Alignment

Minimap2

Small Variant Calling

DeepVariant

PacBio model

Illumina 

sequencing

Small Variant Calling

DeepVariant

Illumina model

Reference WDL/NextFlow workflows for 

multiple sequencers



Parabricks DeepVariant Training Framework
Easily Train a Custom Model for Optimal Accuracy

For re-training on different sequencers / data types

For finetuning to individual labs protocols



NVIDIA GPUs for Secondary Analysis
The H100 Dynamic Programming Core

Dynamic Programming

Exponential to polynomial 

time problem solving

Supercharged

Smith-Waterman

35x acceleration over CPU

7x acceleration over Ampere

Boosting Dynamic Programming Performance Using NVIDIA Hopper GPU DPX Instructions

https://developer.nvidia.com/blog/boosting-dynamic-programming-performance-using-nvidia-hopper-gpu-dpx-instructions/


User Success Stories



• Regeneron Genetics Center Sequencing close to 
500,000 Exomes

• Exomes were analyzed in 5 minutes with Clara Parabricks 
versus 1 hour in CPUs

• The cost went down 60% on GPUs

• DeepVariant optimized for RGC outputs, especially 
alignment.

• Analysis of DNA given to researchers on UK 
Biobank which span academia, pharma and other 
scientists interested in genomic variants for diseases

Large Population Study
UK Biobank's 470,000+ exomes analyzed by Regeneron as of July 2022



MULTI-TOOL IMPLEMENTATION PROVIDES THE BEST RESULTS
Comparing germline calling between GATK Haplotype and Google’s DeepVariant 

HG002 Target genome, analyzing only high confidence regions

False Positives False Negatives

HaplotypeCaller only 20,305 9,321

DeepVariant only 5,101 5,374

Union 22,906 3,893

Intersect 2,500 10,802



Getting Started with NVIDIA Parabricks



Modular Tools for Flexible Deployment
With NVIDIA AI Enterprise for Production

• Individual 
Containers for Each 
Tool

• Agile Releases as 
and when required

• Lean Deployment on 
Sequencers or as 
part of custom 
workflows

• Includes every 
Parabricks tool

• Regular Releases timed 
with NVIDIA AI 
Enterprise

• Option of Purchasing 
Enterprise Support thru 
NVIDIA AI Enterprise

Top of Tree Individual Containers
Available on NGC

Stable Unified Container
Available on NGC

Enterprise Support Available

All NVIDIA Parabricks Containers are available publicly in the NGC Catalog

https://catalog.ngc.nvidia.com/?filters=&orderBy=weightPopularASC&query=


Workflow Manager Compatible
Customize and deploy Parabricks at scale

Parabricks is fully compatible with common workflow managers WDL and NextFlow for deploying at scale

•  Intertwine GPU and CPU powered tasks with different compute requirements

•  Reference workflows and recommended compute configs at: github.com/clara-parabricks-workflows

Tasks deployed on cloud batch service or local cluster (e.g. Minerva)

GPU-based tool

CPU-based tool

GPU-based tool
singularity: parabricks:4.0.0

gpuType : nvidia-tesla-t4

gpuCount : 2

singularity: parabricks:4.0.0

gpuType : nvidia-tesla-v100

gpuCount : 4

singularity: ubuntu:latest

cpu : 96

memory : 16G

https://github.com/clara-parabricks-workflows


Running NVIDIA Parabricks
Requirements

Doc for NVIDIA Parabricks 4.3.0 

https://docs.nvidia.com/clara/parabricks/latest/


Running NVIDIA Parabricks
Drop-in Command Line Replacements

Doc for NVIDIA Parabricks 4.3.0 

Run Parabricks on Minerva

https://docs.nvidia.com/clara/parabricks/latest/


Running NVIDIA Parabricks
Demo: run tutorials on Minerva

Doc for NVIDIA Parabricks 4.3.0 

https://docs.nvidia.com/clara/parabricks/latest/


Resources

GTC DLI Workshop – Training DeepVariant Models using Parabricks

 - Recording: https://www.nvidia.com/en-us/on-demand/session/gtc24-dlit61813/

  or search for the title on NVIDIA On-Demand

https://github.com/hw-ju/monai_uf_tutorials/tree/main/clara

https://www.nvidia.com/en-us/on-demand/session/gtc24-dlit61813/
https://www.nvidia.com/en-us/on-demand/
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NVIDIA is Helping Across the Computational Genomics Workflow
From sequencing sensor to biological insights
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DATA SCIENCE TOOLSETS

CPU GPU/RAPIDS

Viz
Bokeh/

Datashader
cuXfilter

Geospatial
GeoPandas/

SciPy.spatial
cuSpatial

Signals SciPy.signal cuSignal

Cyber cyberpandas CLX

CPU GPU/RAPIDS

Data 

handling
pandas cuDF

Machine 

learning
scikit-learn cuML

Graph 

analytics
NetworkX cuGraph
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RAPIDS PLATFORM

cuDF
Data Prep/Handling

       GPU Memory

cuML
Machine Learning

cuGraph
Graph Analytics

DL Frameworks
Deep Learning

cuXfilter
Visualization

Dask

cuSpatial
Geospatial Analytics

cuSignal
Signal Processing

CLX
Cyber Analytics

Specialized package examples
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30 Repository for example jupyter notebooks: https://github.com/NVIDIA-Genomics-Research/rapids-single-cell-examples

https://github.com/NVIDIA-Genomics-Research/rapids-single-cell-examples


RAPIDS-SingleCell
Part of the Scverse ecosystem

https://developer.nvidia.com/blog/gpu-accelerated-single-cell-rna-analysis-with-rapids-singlecell/

• A new library drawing inspiration 

from the rapids-single-cell-examples library 

and the ScanPy library

• Introduces GPU-optimized versions of 

the ScanPy (single cell) and SquidPy (spatial) 

functions

• The library’s primary objective is to blend 

the computational strength of GPUs with the 

user-friendly nature of the scverse ecosystem.

https://developer.nvidia.com/blog/gpu-accelerated-single-cell-rna-analysis-with-rapids-singlecell/


RAPIDS-SingleCell
The AnnData framework now supports CuPy arrays

Rapids-singlecell utilizes the scverse 

AnnData data framework, which supports 

dense and sparse CuPy arrays

https://anndata.readthedocs.io/en/latest/#

https://anndata.readthedocs.io/en/latest/


RAPIDS-SingleCell
API based on ScanPy and SquidPy

https://rapids-singlecell.readthedocs.io/en/latest/index.html

https://rapids-singlecell.readthedocs.io/en/latest/index.html


RAPIDS-SingleCell
Get Started Now with Example Notebooks

https://rapids-singlecell.readthedocs.io/en/latest/notebooks/demo_gpu-seuratv3-brain-1M.html

https://rapids-singlecell.readthedocs.io/en/latest/notebooks/demo_gpu-seuratv3-brain-1M.html


Spatial Genomics

GTC DLI Workshop - Everything, All at Once: Processing Spatial Transcriptomics Data using Accelerated Computing

 - Recording: https://www.nvidia.com/en-us/on-demand/session/gtc24-dlit61337/ 

    or search for the title on NVIDIA On-Demand

You’ll learn to use GPU tools in python environment - RAPIDS, CuPy, Numba

https://www.nvidia.com/en-us/on-demand/session/gtc24-dlit61337/
https://www.nvidia.com/en-us/on-demand/
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1. Medical imaging specific AI framework

2. Superior performance

  
3. Friendly community

MONAI Core

Optimize data loading

cuCIM – Whole Slide Imaging (digital pathology)

cuCIM - a library within RAPIDS

T
h
ro

u
g
h
p
u
t

https://rapids.ai/
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1. Medical imaging specific AI framework

2. Superior performance

  
3. Friendly community

MONAI Core
Optimize GPU utilization

Do transforms on GPU

cuCIM -> common transforms in digital pathology

MONAI Core pathology tutorials

https://github.com/Project-MONAI/tutorials/tree/main/pathology
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NVIDIA Clara
Accelerated Computing Platform for Healthcare & Life Sciences

PARABRICKS
Genomics

HOLOSCAN
Instruments

BIONEMO
Biomolecules

NEMO
Natural Language

MONAI
Imaging

ISAAC
Robotics

NVIDIA CLARA

Federated Learning



NVIDIA BioNeMo Framework
Enables Data Scientists and Researchers Train on DNA, Protein, Chemistry Data

Model 
Pre-Training

Optimize

Foundation 

Model

Data 

Loaders
Optimized 

Training

Model
Fine-Tuning

Geometric StructureGenomic

DNABertNEW

scGPT

EquidockNEW

DiffDockNEW

MegaMolBART

MolMIIM

ESM-2

ProtT5

OpenFoldNEW

Training Framework Pre-Trained Models



Genomics Recommended Sessions to Attend

FEATURED TALKS

WORKSHOPS & TRAININGS

Kimberly Powell Special Address: Generative AI is Accelerating Healthcare into One 

of the Largest Technology Industries [S62604]
Kimberly Powell | General Manager and VP, Healthcare and Life Sciences

Tuesday, Mar 19 | 8:00 AM PDT

The Role of Generative AI in Modern Medicine [S62777]

Kimberly Powell | General Manager and VP, Healthcare and Life Sciences

Eric Topol | Professor and Executive Vice President

Catherine D. Wood | Chief Executive Officer/Chief Investment Officer

Peter Lee | Corporate Vice President of Research and Incubations

Tuesday, Mar 19 | 11:00 AM - 11:50 AM PDT

How Artificial Intelligence is Powering the Future of Biomedicine [S62283]

Priscilla Chan | Co-Founder and co-CEO, Chan Zuckerberg Initiative

Mona Flores | Global Head of Medical AI, NVIDIA

Tuesday, Mar 19 | 10:00 AM - 10:25 AM PDT

First-Ever Whole Transcriptome Imaging of Tissues using CosMx-SMI: Highest-

Density Dataset Ever Collected [S61995]

Joseph Beechem | Senior Vice President of Research and Development, Nanostring

Wednesday, Mar 208:00 AM - 8:25 AM PDT

Nucleotide Transformer: Advancing Genomic Analysis with Large Language 

Models [S62438]

Karim Beguir | CEO and Co-founder, InstaDeep

Tuesday, Mar 19 | 9:00 AM - 9:25 AM PDT

Computer Vision for Rare Disease Genomic Medicine [S62535]

Wolfgang Pernice | Assistant Professor of Neurological Sciences, Columbia University In 

The City Of New York

Thursday, Mar 21 | 9:00 AM - 9:25 AM PDT

Introduction to GPU-Accelerated Genomics with Parabricks [S62322]

Harry Clifford | Genomics Product Lead, NVIDIA

Wednesday, Mar 20 | 4:30 PM - 4:55 PM PDT

Training DeepVariant Models using Parabricks [DLIT61813]

Thursday, Mar 21 | 2:00 PM - 3:40 PM PDT

March 18-21 | www.nvidia.com/gtc

search for the title on NVIDIA On-Demand

https://www.nvidia.com/en-us/on-demand/


Thanks for your attention!

Q&A


