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Background

• Nearly all microorganisms can be uniquely identified on the basis of their specific 
nucleic acid sequence, requirements:
• Sufficiently long read lengths
• Multiple hits to the microbial genome
• Well-annotated reference database 

• NGS laboratory workflows incur minimum turnaround of 8 h from clinical sample 
to sequence
• Subsequent computational analyses of NGS data should be performed within a timeframe

suitable for actionable responses in clinical medicine and public health (i.e., minutes to 
hours)

• Pipeline must retain sensitivity, accuracy

• Sparse reads often do not overlap sufficiently to permit de novo assembly
• Individual reads 100–300 nucleotides (nt) in length, must be classified to a high degree of 

accuracy.



SURPI - sequence-based ultrarapid pathogen 
identification

• Fast and comprehensive mode

• Generates results in a clinically actionable timeframe of minutes to 
hours

• Main components: two alignment tools SNAP and RAPSearch

• Pathogen detection using both in silico-generated and clinical data



SNAP
• Read lengths have increased since BLAST: from 25–

30 base pair reads to 100 bp or more.
• Lets use longer seeds

• Fewer “false positive” locations by chance. 

• 10–50× speedup over the textbook O(n^2) edit 
distance check due to quicker rejection

• Leverages the higher memory capacities on today’s 
servers to index more seeds and perform fewer hash 
lookups.

• Align human genome 100 bp read dataset with 30-
fold coverage in 20 minutes on a 32-core server



RAPSearch

• ∼20–90-fold speedup relative to BLAST with
similar of sensitivity

• Output same format as BLAST

• In SURPI:
• Novel microorganisms with divergent genomes

• Often viruses can only be identified on the basis of 
remote amino acid homology



In silico-generated data aligner accuracy

• Randomly generated 100 base pair (bp) reads
• 1 million human reads

• 250,000 bacterial reads

• 25,000 viral reads

• 1000 reads each from four known viruses three divergent ‘‘novel’’ viruses
(genomes removed a priori from the reference database)

• All aligners performed well at detecting known reads but

• Poorly in detecting divergent viral reads
• The need for translated nucleotide alignment algorithms such as RAPSearch

and BLASTx





Speed of SNAP and RAPSearch



SURPI pipeline

• FASTQ files as input, recognizes the 
presence of multiple barcodes used for 
indexing.

• Shell, Python and Perl scripts

• Fixed external software and database 
dependencies

• Open-source tools including
• SNAP and 

• RAPSearch aligners



Preprocessing

• Trimming low-quality and adapter sequences using cutadapt, 
retaining reads of trimmed length >50 bp

• Removing low-complexity sequences using the DUST algorithm in
PRINSEQ 

• Normalizing read lengths for SNAP alignment by cropping reads of 
length >75 to 75 bp

• Remove human reads (SNAP)



Fast mode (nucleotide seqs)

• Viruses and bacteria are identified by SNAP alignment to viral and 
bacterial nucleotide databases.



Comprehensive mode (nucleotide + protein seqs)

• Reads are aligned using SNAP to all nucleotide sequences in the NCBI 
nt collection

• Unclassified reads and contigs generated from de novo assembly

• Alignment to a viral protein database using RAPSearch for pathogen 
discovery of divergent viruses

• For each barcode, the best coverage map for each viral genus 
identified in the dataset is generated. 



Speed of SURPI and feasibility for real-time clinical analysis

• 20-yr-old female patient, 3 d of fever to 101.5 °C (38.6 °C), myalgias and headache from 
hiking in a region of Australia endemic for the mosquito-borne Ross River and Barmah
Forest alphaviruses

• Within a 48-h sample-to-answer turnaround time and 13 min SURPI analysis
time, sequences spanning the genome of human herpesvirus 7 (HHV-7) were detected.

• Subsequent PCR supported a diagnosis of primary HHV-7 infection 



Output

• List of all classified reads with taxonomic assignments

• Table of read counts

• Both viral and bacterial genomic coverage maps



By nucleotides (containing HPV-18)

By translated nucleotides (containing HPV-18)



Coverage maps





Work progress

• Monitoring the log file

• Send notifications via Twitter at various stages within the pipeline



Processing time and cost of 
SURPI (SNAP, RAPSearch) vs PathSeq (blastn, blastx)

on cloud server

Amazon Web Services - Pay only for what you use. There is no 
minimum fee.



Troubleshooting
1.The create_snap_to_nt.sh program uses -Ofactor as 1000, on line 29, which may not work for your 

machine. You need to figure out the correct value and make necessary changes. Read snap aligner 

document for details.

2.The abyss instalation requires mmap. Make sure you have installed it before compiling 

abyss. http://hackage.haskell.org/package/mmap-0.5.9/mmap-0.5.9.tar.gz
3.Make sure formatdb is there in your path. It can be downloaded 

from ftp://ftp.ncbi.nlm.nih.gov/blast/executables/release/LATEST/

4.The taxonomy_lookup.pl program, at line 84 has sort --parallel=$cores, where you may need to 

remove --parallel=$cores option, if the sort utility on you machine does not support --parallel option.

5.The abyss_minimus.sh program tries to use mpirun to make it parallel. If the mpirun is not 
configured properly, you need to remove the option 'np=$cores' in line 86, so that it will not be run 

parallelly.

6.The ribo_snap_bac_euk.sh program is hardcoded to use the 10,75 as arguments to crop_reads.csh, 

which you may need to change in line 43.

7.The coveragePlot.py program uses mlab.load() at line 47, which is deprecated in latest version of 
matplotlib. Hence, you may need to change it to np.loadtxt()

https://www.biostars.org/p/118719/

http://hackage.haskell.org/package/mmap-0.5.9/mmap-0.5.9.tar.gz
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/release/LATEST/


SURPI scripts 
and software / 
database 
dependencies



Conclusion



Thanks!


