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Development of GPU framework for high-speed analysis of omics data
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We developed the basic functionality required to implement a whole genome
analysis pipeline on a GPU. In particular, We focused on MarkDuplicates and 1/0, which are difficult
to parallelize and require the most computation time.
1. We employed a judgment algorithm in MarkDuplicates that does not use pair read information. This
improvement eliminate the acquisition of pair read information at distant locations within a file,
establishes data locality in the judgment process, and dramatically improves processing speed.
2. We developed a new 1/0 functions that read/write data using a large size buffer to remove small
data size read/write. The buffer size is 100-200MB and the BGZF data for read/write are
compressed/decompressed all at ones.
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Field Description Type Value
magic BAM magic string char[4] BAM\1
Ttext Length of the header text, including any NUL padding uint32.t < 27
text Plain T AM: not necessarily NUL-terminated | char[l_text] GZI P Header
n_ref # refer uint32_t < 27T
I_name Length of the snce l\L 1 ( ne l d gNUL) uint32.t limited ot o [N S S e
name Reference sequ NUL- tt-rnnmmd char [ name] eTlate COMpPressed
I_ref Length of the uenc uint32_t < 27T ‘ ¢ ‘
Tis FThe end of The Filz) St
block_size Total length of the ent record, excluding this field | uint32t mited e )
reflD Reference sequence T < reflD < n_ref; -1 for a read | int32.t ] leflate compressed
without a ma ppu g position
pos O-based leftmost coordinate (= POS —1) int32.t 5] o] fofel!
I_read_name d e below (= length(QNAME) + 1) uint8_t
mapq uint8 t
bin i uintl6_t o
n_cigar-op ion 4.2.2 uinti6.t eriate corr ‘,'\ essed
flag se ) uintié_t
I seq Length of SEQ uint32.t ‘ ‘
next_reflD Ref-ID of the next segment (—1 < next_reflD < n_ref) int32_t 1] ¥
next_pos O-based leftmost pos of the next segment (= PNEXT — 1) | int32_t F1] H
tlen int32_t [0] ‘
read_name 7| char[I_read_name] yerlate cor ‘ Jressed
cigar uint32_t [n_cigar_op]
seq see | uint8_t[(lseq+1)/2] ‘ O ‘
qual 5. See S5 char [[_seq]
he end of the alignment block) i
T ar 2] GZIP Trailer
val_type Value type: AcCsSiIfZHB, see Section 4.2.4 char
value Tag value (by val_type)
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While Reads exists{
#pragma omp single nowait

iMm d
for each reads sam readl( blil] ); . e

#pragma omp single nowait 12.99419
{
// Make blocks 1200
while Number of reads ({
(snip) 10.00

}
// Search independent reads 8.00
for each block {
(snip) 6.00

}
// Mark duplicates 2,00
for each block {
(snip) 2.00

}

for each reads sam writel( b[i] ): 0.05327
- 0.00

}

samtools present(CPU)
#pragma omp barrier

}
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0.01166

present(GPU)







