Fast and sensitive mapping of
nanopore sequencing reads with
GraphMap

Niranjan Nagarajan
Genome Institute of Singapore




Computing Revolution

\ . N




New Results
What's in my pot? Real-time species identification on the MinlON
Sissel Juul, Fernando lzquierdo, Adam Hurst, Xiaoguang Dai, Amber Wright, Eugene Kulesha, Roger Pettett,
Daniel | Turner
ttp/idx.doiorg/10.1101/030742
Abstract

Abstract

Whole genome sequencing on next-generation instruments provides an unbiased way

to identify the organisms present in complex metagenomic samples. However, the

time-to-result can be protracted because of fixed-time sequencing runs and
cumbersome bioinformatics workflows. This limits the utility of the approach in
settings where rapid species identification is crucial, such as in the quality control of
food-chain components, or in during an outbreak of an infectious disease. Here we
present What's in my Pot? (WIMP), a laboratory and analysis workflow in which,
starting with an unprocessed sample, sequence data is generated and bacteria,
viruses and fungi present in the sample are classified to subspecies and strain level in
a quantitative manner, without prior knowledge of the sample composition, in
approximately 3.5 hours. This workflow relies on the combination of Oxford
Nanopore Technologies’ MinlON ™ sensing device with a real-time species

identification bioinformatics application.

Operating System = Sequence Alignment




Mapping nanopore reads to human genome
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Mapping nanopore reads to human genome
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1. Gapped Spaced Seeds [ Reference bases W "Don't care” base

I Unused reference base [l Seed base
(unless colored)

Index construction

10 11 12

ererceoses: | A
Tm——
nieedsees: | MIERIEREHIEH NN N SN EEAEED

Index lookup
3 4 5 6 8 9 10 11 12 14

T ——
Mismatch seed o+« | EIERIERIEIENEKNIEN N NN EENEER
rsertionseed | NE NN N N TN N EEN EEN Y

(base 7/8).

PRI |2 | 3 | 5| 6] 7] 8|9 1011 12

base 6 & 7).

Shapes: 6-1-6, 4-1-4-1-4




Gapped spaced seeds retain sensitivity and recall

® GraphMap Precision ® k=13 Precision
B GraphMap Recall M k=13 Recall

N. meningitidis E. coli S. cerevisiae C. elegans H. sapiens
(chr3)




2. Graph Mapping to get Anchors

Graph based search for MEMs with indels
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Vertex-centric parallelism




3. Chaining Anchors with LCSk

Motivation: Longest Common Subsequence
(LCS) provides fast alignments but allows
arbitrary insertions and deletions

O(nelog(n))

Approximate alignments evaluated to select best region




Different Alignment Options

(marginAlign)

Mapping Quality, BLAST-like E-value

Circular Genome Support

Technology Agnostic (w/o tuning

parameters)

— 1llumina, PacBio, lon Torrent




Application: SNV Calling

CYP2D6 (chr22)

# of on-target reads

Read Coverage

Read Alignments

GraphMap: 6879
BWA-MEM: 5900
LAST: 5032

BLASR: 2284

marginAlign: 4683

Precision
(%)
True

Positives

CYP2D6

DALIGNER: 1451
> CYP2D7

94% ldentity

DALIGNER

100 (36) 93

1 (107)

; results in parentheses for marginCaller




Applical‘ion: Structural Variants (large Insertions and Deletions)

4kbp deletion spanned by GraphMap

Precision (%) O 67 (90)
Recall (%) 10 (45)

F, Score (%) 17 (60)

Window size > 20bp; AF > 15%; Results from LUMPY are in parentheses




Application: Pathogen Identification

erraphMap M BWA-MEM W AST MWBLASR W DALIGNER
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K-12 and BW2952 have >99% identity
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