
A Parallel Python Implementation of BLAST+ (PPIB) for 

Characterization of Complex Microbial Consortia 

Amina Jackson 

Naval Research Laboratory 

4555 Overlook Avenue – SW 

Washington, DC 20375 

amina.jackson@nrl.navy.mil 

W. Connor Horne 

Naval Research Laboratory 

4555 Overlook Avenue – SW 

Washington, DC 20375 

william.horne@nrl.navy.mil 

Daniel Beall 

Naval Research Laboratory 

4555 Overlook Avenue – SW 

Washington, DC 20375 

daniel.beall@nrl.navy.mil 

 

 Kenneth Jiang 

Naval Research Laboratory 

4555 Overlook Avenue – SW 
Washington, DC 20375 

kenneth.jiang@nrl.navy.mil 

W. Judson Hervey, IV*  

Naval Research Laboratory 

4555 Overlook Avenue – SW 

Washington, DC 20375 

judson.hervey@nrl.navy.mil 

 

 

ABSTRACT 

Basic Local Alignment Search Tool (BLAST) is an indispensable 

application among “-omics” sciences for putative functional 

inference of biomolecules.  Here, we deploy BLAST on an HPC 

system for large-scale environmental microbiomes functional 

inference: microbial fuel cell Biocathodes and ship hull biofilms.   
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1   INTRODUCTION 

Rapid technological advancements among analytical biomolecular 

sequencing platforms have made “-omics” sciences (genomics, 

transcriptomics, and proteomics) data-driven endeavors. Since the 

completion of the human genome, data explosion has led to 

exponential growth in data volume, which has made high 

performance computing (HPC) appealing in “-omics”. However, 

application deployment on new and emerging HPC architectures 

pose significant challenges.  BLAST [1], essential “-omics” data 

analysis tool compares unknown biomolecular sequences to large-

scale reference sequences of known origin to infer putative 

function(s).  Although BLAST has had disparate modified 

implementations to improve performance over increasing data 

volume, these improvements [3-4] have neither been consistently 

maintained for deployment on emerging architectures nor applied 

to complex, “real-world” microbiomes.  Additionally, 

implementations [3-4] often require substantial modifications to 

efficiently use HPC resources.  Here, we compare BLAST+ 

performance of 2 configurations: BLAST+ and Parallel Python 

Implementation of BLAST+ (PPIB).  Application code executed on 

HPC system, with 4 disparate inputs: subset 52 long sequences, 

subset 200 short sequences, Biocathode-MCL [5-6], and ship hull 

biofilms (SHB) [7-8]. NCBI non-redundant (NR) protein 

sequences served as the reference.  

Although advanced technologies have increased computing 

power “-omics” is utilizing to minimize its growing big data 

problems, putative function assignments among complex 

microbiomes remains a challenge to address. In our study, 

BLAST+ could not scale based on computing power and did not 

complete functional assignments of our microbiomes [5-8] within 

resource limits while PPIB scaled by 135% and completed 

assignments with 164% completion and walltime advantage over 

BLAST+.      

2   EXPERIMENTAL AND COMPUTATIONAL 

DETAILS 

2.1   HPC Hardware Configuration 

The HPC system used, Thunder [9], is an SGI Ice X with Intel Xeon 

Intel E5-2699v3 standard compute nodes (36 cores/node).  

2.2   Software Configuration 

2.2.1 BLAST+ and NR reference sequences. Source code and NR 

reference sequences (96,287,830 protein entries) were downloaded 

from NCBI [10] and compiled as previously described [11].  

2.2.2 Parallelization and Job Submission. mpi4py [12] installed 

with Anaconda2 [13] was used for PPIB’s MPI implementation. 

Portable Batch System (PBS) submitted jobs at 336 hours extended 

to ensure completion for benchmarking purposes.  
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2.3   PPIB Implementation  

2.3.1 Python Message Passing Interface (MPI). MPI 

implementation use collective methods Broadcast, Scatter, and 

Gather [12] to create subdirectories, break input file into sub-files 

distributed amongst cores, and assemble output into a single file.  

2.3.2 Python Multiprocessing. Pool creates multiple query 

processes and instances searched simultaneously. Therefore, a job 

assigned 36 cores can have 36*100=3600 queries processing 

simultaneously.   

2.4   Data Processed 

2.4.1 Test Input. As sequence length influences processing time, 

tests on “long” 52 entries and “short” 200 entries aimed at 

determining job completion within walltime limits.  

2.4.2 Biocathode-MCL. Microbial fuel cell biocathode system [5-

6] contained 79,765 entries, determined from de novo metagenome 

sequencings where 2,807 entries were determined “long” (eg. >667 

residues). 

2.4.3 SHB. Microbiome previously characterized in-house 

contained 243,146 entries [7-8], 305 entries determined “long”. 

3   RESULTS AND DISCUSSION 

3.1   Short and Long Test Data 

BLAST results with 2 configurations on subset files, single 

compute node in Fig 1 shows 52 input-file at walltime 170 

minutes BLAST+ and 33 minutes PPIB, took longer than 200 

input-file. PPIB had 135% advantage at 10 minutes over 

BLAST+’s 159 minutes on 200 input-file.  

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of Protein Sequence Length on Walltime 

Fig 2. shows impact from increasing computing power by 

increasing cores used to identify job completion solution within 

resource limits. 

Figure 2: Effect of Resource Allocation on Walltime. 

In BLAST+ serial-like behavior, increases in cores negatively 

impacts walltime. In PPIB parallelism, increases in cores decreases 

walltime. BLAST+’s single node walltime 170 minutes was lower 

than 5 nodes’ 286 minutes. In comparison, PPIB single core 

walltime was 33 minutes, 36 cores 10 minutes and 200 cores 

lessened to 3 minutes.  

3.2   Complex Microbiome Sample Input 

3.2.1 Biocathode-MCL.  With 79,765 predicted metaproteome 

entries [5-6], BLAST+ completed 14.4% in 336 hours.  However, 

PPIB on single node completed the entire job in 206 hours. 

Increasing resources allocated to PPIB to 3 nodes decreased 

walltime to 71 hours (shown table 1 below).  

3.2.2 SHB Microbiome.  Of 243,146 predicted metaproteome 

entries [7-8], on a single node, BLAST+ completed 27%. 

However, PPIB processed 81% SHB entries over the same 

walltime and completed all entries in 160 hours when assigned 3 

nodes.  

3.3   Comparisons of BLAST+ with PPIB 

By scattering tasks with MPI and creating parallel query processes 

on cores with multiprocessing, PPIB solves the BLAST+ serial-

like behavior and lowers walltime cost. Table 1 below 

demostrates this PPIB advantage over BLAST+. 

 

Table 1: Walltime Advantage of PPIB over BLAST+ 
 Data Type Total of 

queries 

Wall-

time 

Completion % Wall-time Cost 

advantage % 

BLAST+ Test subset A 52 170 100%  

PPIB Test subset A 52 33 100% 135% 

BLAST+ Test subset B 200 159 100%  

PPIB Test subset B 200 10  100% 176% 

BLAST+ Biocathode-

MCL 

79765 336 14%  

PPIB Biocathode-

MCL 

79765 71 100% 130(+86) 216% 

BLAST+ SHB 243146 336 27%  

PPIB SHB 243146 160 100% 70(+73) 143% 

4   CONCLUSIONS 

We have demonstrated efficiency of a Parallel Python 

Implementation of BLAST+ (PPIB) which leverages HPC 

resources for putative functional assignments among complex 

microbiomes of up to nearly 250,000 proteins.   
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