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Computation times on GS analysis

1 human GS ~ 30x : CPU driven analysis
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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

GPU
Graphical Processing Unit

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

Matrix computation

Specialized cores in a large number
2560 CUDA cores + 640 Tensor cores
Tesla V100 GPU : 8.2 TFLOPS (double precision)
vsi9 16¢ 5.2 GHz : 1.4 TFLOPS

Dedicated softwares needed ...

¥

From Wikipedia



GPU Softwares
Table 1 Alignment accuracy compared to BWA using

simulated reads
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G P U SOftwa res Correct vs incorrect mappings, classified by MAPQ
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https://doi.org/10.1093/bioinformatics/bty167
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GPU Softwares

Turki and Roshan BMC Genomics 2014, 15:969
http://www.biomedcentral.com/1471-2164/15/969

BMC

Genomics

SOFTWARE Open Access

MaxSSmap: a GPU program for mapping
divergent short reads to genomes with the
maximum scoring subsequence

Turki Turki'?" and Usman Roshan?”

Smith-Waterman sur GPU
CUDA / OpenCL

Input: Whole genome and a short read —» =

N

Genome fragments of same length

Thread 0 | | Thread 1 Thread2 | | Thread 3 | | Thread 4 | | Thread 5

Figure 1 Overview of the MaxSSmap program. In this figure the genome is divided into six fragments which means six threads will run on the
GPU. Thread with ID 0 maps the read to fragment 0, slides it across fragment 0, and stops when it has covered all of fragment 0. We account for
junctions between fragments and ensure that the read is fully mapped to the genome.

able 8 Percent of 100,000 ancient horse DNA reads (SRR111892) of length 76 bp mapped to the horse genome
quus_caballus EquCab2 (GCA_000002305.1) and human reference genome

Horse genome

BWA NextGenMap NextGenMap+ NextGenMap+ NextGenMap+
MaxSSmap_fast MaxSSmap CUDASW++

2.2 16 205 23.1 26 (estimated)
Time in minutes to map reads

06 24 1609.6 2836 14820 (estimated)

Human genome

BWA NextGenMap NextGenMap+ NextGenMap+ NextGenMap+
MaxSSmap_fast MaxSSmap CUDASW-++

0.16 14 186 21 NA
Time in minutes to map reads

082 29 23755 4108 NA

We ran NextGenMap+CUDA-SW++ for a maximum of 168 hours and estimated the time to align all rejected reads. Also shown is time in minutes.

- Pas une vraie concurrence a bwa en
terme de performance de calcul

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

Sur 'humain : 2375 minutes / 100 000 reads

1 WGS 30x = ~ 1 Md de reads

23 750 000 minutes ...
soit 23 ans ... ??



GPU Softwares

BALSA: integrated secondary analysis for

whole-genome and whole-exome
sequencing, accelerated by GPU

Ruibang Luo'”, Yiu-Lun Wong'’, Wai-Chun Law'~, Lap-Kei Lee'”,
Jeanno Cheung', Chi-Man Liu' and Tak-Wah Lam'

2014 - Peerd

CUSHAW: a CUDA compatible short read aligner to
large genomes based on the Burrows—Wheeler

transform @
Yongchao Liu &, Bertil Schmidt &, Douglas L. Maskell ~ Author Notes

Bioinformatics, Volume 28, Issue 14, 15 July 2012, Pages 1830-1837,
https://doi.org/10.1093/bioinformatics/bts276

Optimizing Data Intensive GPGPU Computations for DNA Sequence
Alignment

Caole Tremnelfr and Michael C. Schatz'

2009 — Parallel Comput.

PMCID: PMC5749749
PMID: 29293576

PLoS One. 2018; 13(1): e0190279.
Published online 2018 Jan 2. doi: 10.1371/journal.pone.0190279

pyPaSWAS: Python-based multi-core CPU and GPU seqguence alignment

Sven Warris, Conceptualization, Formal analysis, Funding acquisition, Investigation, Methodology, Resources,
Software, Supervision, Validation, Writing — original draft, Writing — review & ecliling,l'z'l N. Roshan N. Timal,
Methodology, Software, Writing — review & Editil’lg,3 Marcel Kempenaar, Investigation, Methodology, Software,
Writing — review & ediling.1 Arne M. Poortinga, Software,l Henri van de Geest, Software,2 Ana L. Varbanescu,
Conceptualization, Investigation, Methodology, Resources, Software, Writing — review & editing ,3 and

Jan-Peter Nap, Conceptualization, Funding acquisition, Resources, Supervision, Writing — original draft, Writing —

review & editingl'2

25reads /s
Soit 13 ans pour un WGS 30x

BitMapper2: a GPU-accelerated all-mapper
based on the sparse g-gram index

Haoyu Cheng, Yong Zhang and Yun Xu*

GAD



Raw SNPs + Indels

Raw Unmapped Reads Analysis-Ready Reads
uBAM or FASTQ
1

= E
Map to Reference : Call Variants Per-Sample

Raw Mapped Reads

Mark Duplicates

Filter Variants

HaplotypeCaller in GVCF mode

=)

Refine Genotypes

Annotate Variants

10 WGS samples

dijen203 T\
dijen006
dijen088
dijen103 TR .. .

dijen104 > HiSeq X Ten total exec
dijen105 Sample time () On CPU

dijen112 2014-18 dijen203 62834

dijen192 dijen006 69477

iy dijen192 67705
dijen193 )

Y dijen193 71039
dijen194 __“/ dijen194 67812

1h = 3600 s 7 4

Analysis-Ready [

Consolidate GVCFs

Joint-Call Cohort

Analysis-Ready Reads E SHIRtYPEG CF

Raw SNPs + Indels [ ] '
........ [T blht][u Pjt}

Recalibrate Base
Quality Scores

Evaluate Callset

i

AD



10 WGS samples

dijen203
dijen006
dijen088
dijen103
dijen104
dijen105
dijenl12
dijen192
dijen193
dijen194

~ 30-40 X
> HiSeq X Ten
2014-18

dijen203 Ran 3 times for repeatability

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)



Performances

CPU Driven analysis on 16 cores
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GAD

All times are expressed in seconds (s) Wﬂﬂr



Performances

Steps running time (s)
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Performances _
Comparison

4 GPU vs CPU on 16 cores

Total execution time (s) Total execution time log scale (s)
80000 100000
70000
60000
50000
40000 W total CPU 10000 W total CPU
M total GPU m total GPU
30000
20000
10000
0 1000
dijen203  dijen006  dijen192  dijen193  dijen194 dijen203  dijen006  dijen192  dijen193  dijen194
Faster with GPU with a factor of : 13,9 average GAD



Variation detection Results
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Repeatability
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Strictly the same results(variations)
Exact same variation list

Exact same bioinformatics parameters




Meanwhile in parabricks (2022)

Gold Standard Processing and Quality Control High-Accuracy Variant Calling

DeepVariant HaplotypeCaller
Mutect2 STAR-Fusion
GenotypeGVCF IndexGVCF

Sort BAM BAM Metrics

@ BWA-MEM
Mark duplicates El Collect multiple metrics EI

FastQ

STAR

BAM/CRAM BAM/CRAM

BAMZFQ

Performance Comparison
Germline End-To-End Secondary Analysis

1,200 minutes

40 minutes 34 minutes 22 minutes
8x T4 8x V100 8x A100

CPU/GATK

Data was generated using publicly available data (https://precision.fda.gov/challenges/truth) for NA12878, deprecating the data to
30X coverage. For the 22-minute runtime, DGX A100 with 320G memory was used. The native GATK4.1 numbers were generated
using 32 vCPU (3.1 GHz Intel Xeon® Platinum 8175M) using 28Gb RAM.

=]

VCF/gVCF



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 & Illlumina

Energetic /| Ecologic performances ?
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