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Background

ANearlyall microorganisms can be uniguely identified on the basis of gpmacific
nucleic acicsequencerequirements:
A Sufficiently long readengths
A Multiple hits to the microbiabenome
A Well-annotatedreferencedatabase

ANGSaboratory workflows incuminimumturnaroundof 8 h from clinical sample
to sequence

A Qubsequentcomputational analyses of NGS datmuldbe performed within a timeframe
ﬁwtalgle for actionable responses in clinical medicine @undlic health(i.e., minutes to
ours

A Pipeline must retainsensitivity accuracy

A Sarse reads often do not overlaufficiently to permitde novoassembly

A Individualreads100c300nucleotides fit) in length, must be classified to a high degree of
accuracy



SURPI - sequencaased ultrarapid pathogen
identification

AFastand comprehensivenode

AGenerates results ia clinically actionable timeframe of minutes to
hours

AMain componentsiwo alignmenttools SNAP and RAPSearch
APathogendetection using both isilicogenerated andtlinicaldata



SNAP
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RAPSearch

RAPSearch
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In silicegenerated data aligner accuracy

ARandomlygenerated100base pair lp) reads
A1 million humanreads
A250,000bacterial reads
A 25,000viral reads

A1000reads each fronfiour knownvirusesthree divergenty/42 @ driis@sQ
(genomes removed priori from thereferencedatabase

AAIl aligners performed well at detecting known reads but

APoorlyin detecting divergent virareads

ATheneedfor translated nucleotide alignment algorithms swe$RAPSearch
and BLASTX
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Speed of SNAP and RAPSearch

Nucleotide Alignment to Human DB (3.1 Gb)
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Raw sequence
reads

SURPI pipeline [¢
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Preprocessing

ATrimming low-quality and adapter sequences usiogtadapt
retaining reads of trimmed length >3ip

ARemovinglow-complexity sequences using the DUST algorithm in
PRINSEQ

ANormalizingreadlengthsfor SNAP alignment by cropping reads of
length >75 to/75bp

ARemove human reads (SNAP)



Fast mode (nucleotide seqs)

AVirusesand bacteria are identified by SNAP alignment to viral and
bacterial nucleotide databases



Comprehensive mode (nucleotide + protein segs)

AReadsare aligned using SNAP to all nucleotide sequences in the NCBI
nt collection

AUnclassified reads and contigs generated frdemnovoassembly

AAlignmentto a viral protein database using RAPSearch for pathogen
discovery of divergent viruses

AForeach 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

A20-yr-old femalepatient, 3 d of fever t0101-5¢C(38.600), myalgiasand headache&rom

hikingin a region of Australia endemic for the mosquttorne Rosfiverand Barmah
Forestalphaviruses

AWithin a48-h sampleto-answerturnaround time and 13 min SURPI analysis
time, sequences spanning the genome of hurhampesvirus/ (HH\(7) were detected
A ubsequentCRsupported a diagnosis @irimary HH\(7 infection
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SURPI (fast mode) 0:12:23 @
Human herpesvirus 7, strain RK (AF037218)

SURPI (comprehensive mode) 1:36:47
(151,471 bp)



Output

AList of all classified reads with taxonomassignments

ATable of readcounts
ABoth viral and bacterial genomic coveraggps



By nucleotides (containing HPV-18)

Index #0

Species Genus Family (prostate
cancer tissue)

Human herpesvirus 5 Cytomegalovirus Herpesviridae 1
Murid herpesvirus 1 Muromegalovirus Herpesviridae 1
Suid herpesvirus 1 Varicellovirus Herpesviridae 1
Human herpesvirus 1 Simplexvirus Herpesviridae 2
Alphapapillomavirus 7 Alphapapillomavirus Papillomaviridae 11955
Human papillomavirus Papillomaviridae 30
Murine xenotropic virus NZB Retroviridae 1
Human immunodeficiency virus 1 Lentivirus Retroviridae 3
Murine leukemia virus Gammaretrovirus Retroviridae 31
Murine leukemia-related retroviruses Gammaretrovirus Retroviridae 0
Enterobacteria phage phi80 Lambdalikevirus Siphoviridae 1

By translated nucleotides (containing HPV-18)

Species Genus Family R:ggs

Alphapapillomavirus 7 Alphapapillomavirus Papillomaviridae 2



Coverage maps

fold coverage

fold coverage

Lentivirus_3132800
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base position

mapping Lentivirus.bar. # GCCAAT@_.HIV.NT.snap.matched.Viruses
against Lentivirus.3132800.fasta with gi definition
gi|3132800|gb|AF063223.1| HIV-1 isolate D)263 from Djibouti, complete genome

Reference sequence length = 9002 bp

Coverage in bp = 8970

%Coverage = 99.644523

Average depth of coverage = 892.990335

Number of reads contributing to assembly = 54537

Inovirus_153902271

150 g

100 y
50F -
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base position

mapping Inovirus.bar.# GCCAAT@_.HIV.NT.snap.matched.Viruses
against Inovirus.153902271.fasta with gi definition
0i|153902271|dbj|AB334721.1| Enterobacteria phage f1 DNA, complete genome, isolate: NBRC 20015

Reference sequence length = 6407 bp

Coverage in bp = 1422

%Coverage = 22.194474

Average depth of coverage = 9.526611

Number of reads contributing to assembly = 358



End-to-end processing time (hours)
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tissue) (serum) (serum)



Work progress

AMonitoring the logfile
ASend notificationsvia Twitter at various stages within timépeline




Processing time and cost o1

SURPI (snap, rapsearchy VS PathSeq (olastn, blastx)

on cloud server

SURPI
Dataset e A (comprehensive PathSeq
reads (fast mode)
mode)
Time Cost Time Cost Time Cost

Pm?;tlflﬁ;ﬂer 13,654,861 | 0:19:47 $310| 10322  $620| 18:50:00 $91.60
TT“ESSE':EE_IE)““S 47,920,144 | 0:57:09 $3.10| 42855 $1550 | 27:2504  $134.24
F’Edia’égfﬂgil?”“ea 158,026,920 | 2:50:17 $9.30 | 14:43:12  $43.40| -~9.2days $1,082.42

Amazon Welservices 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 changein 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/
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Conclusion



Thanks!



