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Computation times on GS analysis

1 human GS ~ 30x : CPU driven analysis

computation time waiting time
Classical CPU analysis 255,4 h ~72h
Fast analysis 100 h 28,8 h
Improved fast analysis 100 h 12 h
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Computation times on GS analysis

Graphical Processing Unit

A processor dedicated and specialized in graphical operations
Video games, 3D modeling, image rendering, etc …  

From Wikipedia

Matrix computation 

Specialized cores in a large number 
2560 CUDA cores + 640 Tensor cores
Tesla V100 GPU : 8.2 TFLOPS (double precision)

vs i9 16c 5.2 GHz : 1.4 TFLOPS

Dedicated softwares needed … 



Basé sur une réimplémentation de BWT 
en CUDA (Compute Unified Device 

Architecture )

2012 - BMC Research Notes

GPU Softwares



2015 - PeerJ

GPU Softwares



Smith-Waterman sur GPU
- Pas une vraie concurrence à bwa en 
terme de performance de calcul

- Utilisé pour aligner les lectures non 
alignées par bwa...

CUDA / OpenCL

Sur l’humain : 2375 minutes / 100 000 reads

1 WGS 30x = ~ 1 Md de reads 
23 750 000 minutes … 

soit 23 ans … ??

GPU Softwares



2014 - PeerJ

2009 – Parallel Comput.

2.5 reads / s 
Soit 13 ans pour un WGS 30x

GPU Softwares



Samples

10 WGS samples

dijen203
dijen006
dijen088
dijen103
dijen104
dijen105
dijen112
dijen192
dijen193
dijen194

~ 30-40 x 

HiSeq X Ten

2014-18
Sample
dijen203 62834
dijen006 69477
dijen192 67705
dijen193 71039
dijen194 67812

total exec 
time (s) On CPU

1h = 3600 s



Samples

10 WGS samples

dijen203
dijen006
dijen088
dijen103
dijen104
dijen105
dijen112
dijen192
dijen193
dijen194

~ 30-40 x 

HiSeq X Ten

2014-18

Parabricks accelerated Genomics Pipeline 

Version v2.1.5

4 Nvidia GPUs on a DGX Server
(Tesla v100 – 32 Go dedicated RAM) 

HDD : 3 x 2 To SSD (Raid)

Ran 3 times for repeatabilitydijen203



Performances
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CPU Driven analysis on 16 cores

All times are expressed in seconds (s)



Performances
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Performances
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Performances
Comparison
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Faster with GPU with a factor of : 13,9 average

4 GPU vs CPU on 16 cores



Variation detection Results
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Repeatability
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Meanwhile in parabricks (2022)



Take Home Messages

GPU driven bioinformatics is largely possible
up to 30 times faster (~ 15 times in 2019)
results are very close from cpu driven analysis

Free – open source softwares are mostly deprecated
proprietary code is available under licence

Development is needed 
but not really interesting for most of bioinformatics teams … 
nor really doable

FPGA exist & is competitive ? 
Dragen, supported by the Broad Institute & Illumina

Energetic / Ecologic performances ?
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