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Given a read R and a reference genome G,
NGS read alignment aims to determine R’s
likely point of origin with respect to G.
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Aligning next generation sequencing (NGS) reads to a
genome is often essential to many applications of NGS and
has motivated the development of several gapped read
aligners as reads become longer. Although usually fast,
existing gapped aligners still have difficulties in
substantially meeting the requirements of ever-increasing
sequence volume on a single multi-core CPU. In this
regard, it becomes attractive to resort to accelerators like
many-core GPUs.

We present CUSHAW?2-GPU to accelerate the CUSHAW?2
algorithm using CUDA-enabled GPUs. By aligning both
simulated and real reads to the human genome, our
aligner vyields comparable or better performance
compared to BWA-SW, Bowtie2 and GEM. Furthermore,
CUSHAW?2-GPU with a Tesla K20c GPU achieves
significantly speedups over the multi-threaded CUSHAW?2,
BWA-SW, Bowtie2 and GEM on the 12 cores of a high-end
CPU for both single-end and paired-end alignments. In
addition, we have presented some features of CUSHAWS3,
an extension of CUSHAW?2 to further improve the
alignment quality of base-space reads and offer new
support for color-space reads. For color-space alignment,
CUSHAWS3 is consistently one of the best aligners
compared to SHRiMP2 and BFAST.
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CUSHAW?2-GPU alignment quality on lllumina-like reads: (a) 100 bp; (b) 150 bp; and (c) 250 bp
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Runtime breakdown and workload distribution
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SE PE SE PE
* A hex-core 12-thread Intel Xeon E5-2620 2.0 Runtime breakdown (in %)
GHz CPU and a Tesla K20c GPU Read loading 4.6 36 49 36
e CUSHAW?2, BWA-SW, Bowtie2 and GEM run 12 Seed generation 375 290 255 185
threads on the CPU Top seed selection 384 31.1 493 36.6
CUSHAV.VZ_GP.U .runs on both types of SW alignment backtracking 1.6 2.7 1.7 3.3
processing units, i.e. CPU and GPU
Others* 17.9 33.6 18.6 38.0
Workload distribution (in %)
#ireads processed by the CPU threads 42.0 50.2 400 49.2
#reads processed by the GPU thread 580 498 60.0 50.8
Alignment quality and runtimes on simulated color-space reads
Dataset Measure CUSHAWS3 SHRiIMP2 BFAST
Sensitivity 92.13 91.55 88.94 * CUSHAW3 outperforms both
Recall %6 78 23 58 2101 SHRiIiMP2 ar.ld BFAST .for the 50-bp
50-bp dataset, while BFAST is the best for
Recall™ 84.72 84.22 81.01 the 75-bp dataset, in terms of
Time(min) 41 227 160 sensitivity
_ * CUSHAWS3 achieves a speedup of 9.5
Sensitivity 92.27 92.33 93.44 (and 11.9) over SHRIMP2 (and BFAST)
Recall” 91.16 91.24 86.14 on average
75-bp Rocall” 2931 P e * For the 75-bp dataset, CUSHAW3. runs
13.5x and 19.9x faster than SHRiMP2
Time(min) 20 263 389 and BFAST, respectively

“means the recall is calculated from all reported alignments per read and ™ means the
recall is calculated form the first alignment occurrence per read.



