CALQ: compression of quality values of aligned seguencing data
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Codec structure

i Operating principle: exploit the alignment
q El information to infer the acceptable quantization
coarseness for quality values
A AdA
: Channel : Algorithm 1: CALQ
: : Data: SAM file and the reference genome with length L
p:rO > k | k | Result: compressed quality values
g_,?ﬁ? : G E2 D2 S 1 set locus index: [ <+ O ;
r — 2 while [ < L do
l 3 read all reads covering locus [;
4 extract CIGAR, POS, QUAL and SEQ for each of these reads;
5 compute the genotype uncertainty (see box below);
Legend 6 compute the index k from the genotype uncertainty;
5:  mapping position q:  quality values G: genotyping module '; ?fr;tfel.the quality values;
c:  CIGAR strings k:  quantizer indexes Q, R: quantization & o end |
S. read-out nucleotide k guality value (QV) reconStrUCtlon.mOdUIes 10 compress the quantized quality values using an entropy encoder;
sequences indexes E1, E2: entropy enCOd!ng modules 11 compress the indexes k using an entropy encoder:
r:  reference sequence names D1, D2:  entropy decoding modules
Inference of the genotype uncertainty
0 Locus
Goal: Compute the posterior distribution of the genotype G, given the AGCTTTTCATTCTGACTGTCA
observable nucleotides parameterized by the observable quality values. cecDr g s HBMHEMJIII Y LJTY
Ob ble dat N {N AccCTTTTCATTOCTGACTGCAGT CAG
servapie aata: 11 — (s = [ — . . . 5 :
ity a={akiz Quantizer index computation: resad C>rdcCCcBCAd&) &0 |
GcCTTTTCATTCTGACT GCAACGGSGT CA
Posterior probability: P (G|n;q) < P (n|G;q) - P(G) | k+ f(M (P (n|G;q))) DDCDDDCDDDDDC/DCDDDBDDDDEE
T T TTCATTCTGACTGCAACGGGT<CAA

Likelihood: P(D‘G,Q) Zszlp(?’MG,q@) 2 3 > > C DCDTC >d @ >?2 <5 9C > 14
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Evaluation - st (4 o)
FASTQ file o b
Measuring the impact of lossy quality value . ;
.g P ) ] Y4 y Alignment (Bowtie 2) 0.04
compression on variant calling: E
* 3 different variant calling pipelines (GATK + | Sorting & indexing (SAMtools) oo QVZ 214 Crumble -9 (+ CRAM)
: : & *QVZ 2 T2
VQSR, GATK + hard filtration, Platypus) Duplicate marking (Picard) S vE 2 T16 §Qo vzt
 Comparison of the called variants to the NIST Qf 00z S QVZ 2 T8 :
consensus set Indel realignment (GATK) _ CALQ/’ Crumble -1 (+ CRAM)
@) £ o
o 0.01— o % o
* Restriction to high-confidence regions BQSR (GATK) < o ° z o
. . E y % el
e Recall: the proportion of called variants that Alened data S 000 % % % %
are included in the consensus set SAM file g o O !
* Precision: the proportion of consensus Quality value compression '® 001
. O
variants that are called Variant calling - o
Data: chromosomes 11 and 20 from individual GATK Platypus
NA12878, re-sequenced with lllumina HiSeq oo, | | . o | | |
. . 5% 9% 13% 15% 23% 24% 30% 34% 36%
2000 @ 14x, lon Torrent @ 10x, and lllumina SNP extraction (GATK) Crassssessicn it wHIh wespEe 5o BV
HiSeq X @ 49x VQSR || Hard filtration il CALQ
» 6 (pipelines and filtering values) x 3 (datasets) | (GATK) (GATK) - -
. . 0.01 !
x 2 (chromosomes) = 36 Recall/Precision vs. v : & Quartz (+ baip?)
: : =1 N ° Crumble -1 (+ CRAM
bits/QV points per evaluated tool VCE file £ oal- > o Crumble -9 (+ CRAND ( )
S QVZ2TI6Qyz 2 T8 (1 QVZ 2 T4 Qvzzilz »  QVZz2TI
ps:: 0.00 % p % @% @ ?? @
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Boxplot semantics: red line: mean, red box: 95 % standard error of the mean, blue whiskers: standard deviation
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