A clinical pathogen identification pipeline based on HPC platform
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Abstract
The advent of next generation sequencing (NGS) has provided a new approach to identify, track or trace
pathogens from an outbreak with great precision without laborious culture methods. However, the
analysis of sequence for pathogens remains unnecessarily slow, given the large datasets requiring
computationally intensive analysis using software tools which are not optimized for speed on high
performance systems. Thus although some clinical pipelines such as SURPI can identify pathogens from
NGS data, the slow speed makes it hard to be widely applied.
To address this, we show a computational pipeline on the petascale National Supercomputing Centre
Singapore (NSCC). By taking advantage of the fast I/O, multicore, and large memory systems at NSCC,
this pipeline is about 10 time faster than SURPI with the same input and output.

Availability
This pipeline has been written in BASH and is freely available for non-commercial users by request from
the authors. Please contact the authors by E-mail: haoranma@u.nus.edu
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Introduction
Nowadays, next generation sequencing (NGS)
technology based methods are widely used in
clinical field. Compared with conventional
means, NGS based technology is cheaper and
faster with great precision without laborious
culture methods, including monitoring the
development of drug resistance. However, as
the size of biomedical database such as NCBI
increases in a booming speed, the challenge of
applying NGS-based method into pathogen
identification is the data analyzing step rather

than the sequencing step. One recent cloudbased clinical pipeline SURPI tried to do
pathogen identification by analyzing NGS data.
[1] But the speed of analyzing data by SURPI is
quite slow, which determines that this pipeline
cannot be widely applied in clinic.
In this paper we introduce a HPC platform
based clinical pathogen identification pipeline.
By optimization and using the powerful HPC
platform, this pipeline is about 10 times faster
than SURPI with the same input file and
database as well as same output file.

Methodologies
High Performance Computer (HPC) is a very
powerful computing platform. Compared with
cloud computing, HPC has more computing
resources such as high memory, multiple nodes
and faster disk. The HPC we choose to use is
ASPIRE in NSCC Singapore. It provides 1200
servers with 128 Gigabyte memory per node
and 10 Petabytes storage with very high I/O
burst rate of up to 500 Gbps.
Similar with SURPI, our pipeline uses the same
process thoughts, that is, firstly do file quality
validation and remove the low quality
sequences, then do nucleotide sequence
alignment with human genome to remove this
part of data, and finally do sequence alignment
with NCBI NT and NR database. Our pipeline
resolves the bottlenecks of SURPI in four
aspects:
1. The sequence alignment step occupies
most of the run time. As the size of
database increases, the time of cost will
also increase in a higher speed. To solve
this problem, we adopted the scatter and
gather approach. This approach fits HPC
very well because it can make adequate use
and show the advantages of HPC’s multiple
nodes. We separated the input file and
database into 20 pieces to keep each piece
in a proper size, built these databases on
different machines of HPC, and ran these
machines with one same input file and
finally selected and gathered the results
together.

2. When running the pipeline program,
computer needs to repeat reading and
writing data for many times. Thus besides
the CPU number, the speed of reading and
writing data is also very important.
Normally we use disk to do this job. But
even if HPC’s speed of disk is much faster
than normal server, it is still a limitation to
get faster speed. To solve this problem as
well as to make full use of HPC’s resources,
we put the data totally into memory to get
the fastest speed we can reach as HPC’s
memory is very huge. Using shared
memory, the speed of reading and writing
with data are much faster than using
normal disk, thus greatly increase the
speed of the whole pipeline.
3. The pipeline contains many steps and are
quite complex. Thus a simple way to run
this pipeline is to do one job after the last
job is done. However, many jobs are
independent among each other in this
pipeline. These jobs can run in the same
time. So we split the whole pipeline into
several parts and do parallelization of these
tasks by using Bpipe (shown in figure 1).
Bpipe is a platform for “running big
bioinformatics jobs that consist of a series
of processing stages - known as 'pipelines'”.
[2] Using Bpipe, we can change the
structure of the whole pipeline and control
the starting time to run specific jobs. After
rewriting this pipeline by Bpipe, we save a
lot of unnecessary cost time.

Figure 1: Parallelization of pipeline by using Bpipe

Figure 2: Time record for each step of SURPI and our pipeline

4. When developing the pipeline on HPC, it is
necessary to use the proper software. As
HPC has powerful computing ability,
software that can use large memory and
multi-cores are preferred. Thus, we
replaced the SNAP with SNAP-aligner in this
pipeline, and also replaced RAPSEARCH
with AC-DIANMOND. [3-5]
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As figure 2 shows, the total run time is 47
minutes, which is nearly 10 times faster than
SURPI as it cost about 8 hours with the totally
same output. Besides, a very impressive point is
that SNAP step duration decreases from about 6
hours to about 8 minutes, which dues to the
scatter and gather approach and using of
shared memory. These results show that our
strategies do work and this pipeline is a much
faster pipeline to use.

Caveats and Future Development
Although the size of NT and NR are very large,
the results that finally presented are only little
part of them. One way to make pipeline more
efficient is to do sequence clustering and train
data with machine learning. Combined with
these two methods, this pipeline could be
smarter and does not have to do alignment with
the whole database, which will greatly increase
the speed.
As for now, the pipeline is only available from
the author. Thus a user-friendly web interface is
needed to spread the use of this pipeline.
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