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A Big Data Challenge

Germline Somatic Total
#Sample 46,839 10,522 58,027

#unique variants 492,284,372 619,758,827 963,515,536
#genotypes 246,931,520,478 23,317,666,538

#sample with CNV 46,082 3,298 49,380
#CNV 1,445,298,049 2,421,232 1,447,719,281

SNV size (Tib) ≈488.68 ≈84.61 ≈573.29
CNV size (Tib) ≈5.97 ≈0.15 ≈6.13
sake size (Tib) ≈4.21 ≈0.34 ≈4.81

Update to 03/25
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How to organize and request variants ?



What’s in VCF ?
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Sake struct
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Variant Id a 64 bitfields

type position in concat chromosome len(ref) nuc2bit(alt)

1 a = ceil(log2(genome_length)) b c = len(alt)× 2

b = 63− a− c

if ceil(log2(genome_length) + len(ref) + len(alt)× 2 > 63 :

type ahash(real position + ref + alt)

1 63
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Variant Id: collision risk

collision risk for k element in N bucket: 1− 2N!
(2kN(2N−k)!) ≈ 1− exp

(
− k2
2N+1

)
≈ k2

2·N

Germline Somatic
#short variant 477,322,058 (96.96%) 612,273,467 (98.79%)
#long variants 14,962,314 (3.04%) 7,485,360 (1.20%)
collision risk 1.21 · 10−5 3.04 · 10−6

#star variants 6,716,896 (1.36%) 1,944,446 (0.31%)
collision risk 3.68 · 10−6 1.6610−6

#CHROM POS ID REF ALT GT
10 41905990 . CAATTAATGGA C 0/1
10 41905993 . T * 0/1
10 41905993 . T G 0/1
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File organisation
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Genotypes organisation

What variants does a patient carry?

index mother father index sister father index mother father

familyA familyB familyZ

Which patients carry one variant?

chr1 chr2 chrX chrY MT

part/0 part/1 part/2 part/3 part/509 part/510
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Discovery of new patient



We found a new disease-gene link
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Found variant

sake_db = sake_request.Sake()

all_variants = list()
for (chrom, start, end) in regions:

all_variants.append(sake_db.get_interval(
chrom, start, end

))

variants = concat(all_variants)

run time 20s
#rows 9,506
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Annotations

annotated = sake_db.add_annotation(variants, clinvar)
annotated = sake_db.add_annotation(annotated, gnomad)
annotated = sake_db.add_annotation(variants, snpeff)

clinvar gnomad snpeff
run time 6s 115s 104s
#rows 9,506 9,506 51,351
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Genotyping

annotated = sake_db.add_id_part(annotated)

all_genotyped = list()
for id_part, group in annotated.group_by("id_part"):

part_genotype = read_genotype(id_part)
all_genotyped.append(group.join(part_genotype))

genotyped = concat(all_genotyped)

one part all part
run time 11s 24 min
#rows 2,925,453
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Recurrence

recurrence = genotyped.group_by("id").aggregate(
sake_AC = polars.col("gt").sum()

)

all_data = genotyped.join(recurrence)

run time 11s
#rows 2,925,453
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Finialize

sample_info = sake_db.add_sample_info(all_data)
homozygote = sample_info.filtre(

gt == 2 && affected == True
)
heterozygote = sample_info.filtre(

gt == 1 && affected == True
)

add sample info homozygote heterozygote
run time 2.7s 0.3s 0.3s
#rows 2,925,453 382,737 772,645
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Continuous Reanalysis



We need continuous reanalysis ?

ClinVar pathogenic variants found in Seqoia between each release
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Strategy
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Result

2019/07/15 2023/05/08 2024/01/07 runtime
#sample 16,006 9,482 19,957
dominant 67 7 14 15 min
recessive homozygote 785 68 154 40 min
recessive heterozygote (too long)
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Generalisation
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Management of systemic sequencing errors



Sequencers Bias

for samples_group in samples.group_by(sequencers):
for part in 0..512

compute_recurrence(samples_group, part)
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Sequencers Bias
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Sequencers Bias

xplus.AF > 0.3 & xplus.AF > sixk.AF
xplus.AF > 0.3 & xplus.AF > gnomad.AF

sixk gnomad
#variants 32,312,609 33,796,472
#snpeff HIGH 4,255 (0.013%) 5,176 (0.015%)
#snpeff MODERATE 46,358 (0.14%) 52,473 (0.15%)
#clinvar Patho 145 (0.0004%) 164 (0.0004%)
#clinvar Patho* 3210 (0.009%) 3975 (0.011%)
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Utilisation du datalake en RNASeq



Conclusion



Conclusion

Build ”SAKE ”: https://github.com/SeqOIA-IT/variantplaner
Interogate SAKE: https://github.com/SeqOIA-IT/sake_request
Open for PR, bugs, suggestion, etc…

For any DUO1 request contact: sake@bioinfo.aphp.fr

1Diagnostic Use Only
27
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