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Antimicrobial Resistance
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Overview

Associate resistance phenotypes with genetic features.
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Nanopore Sequencing

Changes in ionic current are measured as DNA threads through a pore.

Multiple bases occupy the pore at once - these k-mers produce characteristic
current signatures.

i.y Oxford Nanopore Technologies
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Nanopore Sequencing

We easily get long reads
and high coverage - both
critical for good
assemblies.

Simner Lab bacterial runs
average 8.9Gb in yield. At
$500 per flowcell, it costs
less than 50 cents for 1X
coverage of a large
bacterial genome.



Library prep essentially
consists of two ligation
steps, so small circular

DNA are easily missed.

Shearing (to about 10kb)
is necessary to linearize
plasmids.
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Very Contiguous Assemblies

Main Chromosome (~5 Mb)

Lots of confusion

Short Linear Unitigs Plasmids
Lots of short bit:
- - S e - - m T @
Only llumina reads Only Nanopore reads

(~200X coverage, v2 150bp PE) (~2000X coverage, r9.4 flowcell)



Assembly Pipeline
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s e mer g Nanopolish Consensus

Set the best S as S P(DIS)

the new C, and 0000032
[c 0006243 |

Reads repeat 0000053
0000341
< 0000436
0000098
0000491
Raw assembly, C 0000032
0000211
A 0003425
Based on non-matching 0000852

stretches of sequence
between the assembly
and the reads and all
possible 1bp changes,
generate a list of candi-

Choose the S that maximizes
the probability of observing
the event data

date improvements to v Sum over all possible
C, called S alignments and compute _
the probability of Electrical
observing the event data signal
given S, P(D|S)
I

e, e.e e_e_e._@e Events

p— Use raw electrical data to correct assemblies.
i.:" Jared Simpson: https://github.com/jts/nanopolish



Homopolymers are
systematically mis-
called on this
platform, causing
indels and difficulty
in determining
potential phenotypic
consequences.

Nanopolish Consensus

naive assembly GTATCAGGGTA-AAACGGCAG
nanopolish GTATCAGGGTAAAAACGGCAG
corrected with illuminareads GTATCAGGGTAAAAACGGCAG

naive assembly ACGGCA
nanopolish ACGGCA
corrected withilluminareads ACGGC A

GCTTGAGA

nanopolish fixes most random errors, not associated with homopolymers or
methylation



Methylation Associated Error

Because the sequencer
physically interrogates DNA
molecules, chemical

modifications like methyl unmeth
marks also cause systematic
error. EmA

E. coli DNA with controlled
methylation types cause an

increase in non-matches SmC
when reads are aligned to a
reference. AmC

DNA samples courtesy of
NEB
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Methylation Associated Error
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Distinct changes in current distribution at methylation motifs can cause
basecalling errors in all the reads, which persist through assembly.



Methylation Associated Error

We can address
this problem by
training models
specifically for
methylation
motifs, using a
similar HMM
scheme to align
electrical data to
a reference.
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http://simpsonlab.github.io/2017/10/31/methylation-aware/



Methylation Aware Nanopolish

With methylation
aware correction,
nanopore-only
assemblies can
achieve in the range
of 99.8% identity with
assemblies corrected
using lllumina reads.

naive assembly ATCT

nanopolish ATCT

methylation aware nanopolish AT CT
corrected with illuminareads AT C T

770 780

CC -GGCCACTCAGTA
CCEBEBGGCCACTCAGTA
CC TGGCCACTCAGTA

CC TGGCCACTCAGTA

models need to be trained on methylated k-mers in order to correct MTase motifs

(dcm MTase= CCWGG)

Raw Nanopolish Methylation Aware
Assembly Corrected Nanopolish Corrected
98.89% 99.57% 99.76%

http://rebase.neb.com/rebase/rebase.html



Methylation Aware Nanopolish
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TACGGCG

naive assembly TACGG

nanopolish TACGG

methylation aware nanopolish TACGG
CGG
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Not a perfect correction scheme yet. We need a more universal training set
in order to attempt to address all possible methylation associated errors.

NB: methylation-aware mode is still experimental



Consequential Mutations

>KLPN_133 tig00000001:3594157-3595237- coverage:100.00 score=2120 edit_distance=6

115 39(M) A: 115 GAAAATGGTC  AAAAATGGT homopolymer premature stop at AA63
123 41(G) :G 123 GTCGGgCGAGC TCGGCGAGC [Junknown] premature stop at AA89
294 98(L) G:A 295 CGTCTaGCGTT GTCTGGCGT [unknown] synonymous

688 230(W) T:C 689 AAGCCcGGGCG AGCCTGGGC motif CCTGG AA230]W:R

946 316(W) T: 946 GTACCGGTAC  TACCTGGTA motif CCTGG premature stop at AA323

D
I
S
S
D
I }049“350(Q)”:G “1049"CGACCgAGGCGI GACCAGGCGIImOtif CCAGGI|frame shift QAAV+-RGGR+

1. event type

4. base changes
7.WT context | g text stat 9. mutation impact
2. WT base loc . context status

(4+1+4)
5. ctg base loc

6. ctg context
(5+m+5)

Geo Pertea: https://github.com/gpertea/pwasm (under development)



Consequential Mutations

5 247 B3(5) TC:AT 249 CGACatCGLGh CGACTCCGC [unknown] AAB3|5:1
5 552 184(P) A:G 553 CCGCCgCATAA CGCCACATA [unknown] synonymous .
s 639 233(¥) TiC 708 GCCTACCGCAC CCTATCGCA [unknown] SYNonymous
g 726 242(I) C:T 727 TACATtCGCGC ACATCCGCG [unknown] SYNONYmMous In gyrA7 mUtatlonS
g 1167 389(N) C:T 1168 GCCAATATCGA CCAACATCG [unknown] SYNONYmMous H H H
5 1251 417(L) T:C 1252 GATCTcGGTAA ATCTTGGTA [unknown] SYRONymous In amInO aCId 83
] 1260 42@(v) C:T 1261 AACGTEGCGGL ACGTCGLGE [unknown] sSynonymous o t .t
5 1329 443(V)  A:G 1338 GGCGToCGCGA GCGTACGCG motif GTA SYNonymous d h
5 1347 449(¥) T:C 1348 TACTACCTGAC ACTATCTGA SYNonymous are aSSOCIa e WI
5 1458 4BE{A) G:A 1450 ATCGCaGAGCT Synonymous | H |
5 2582 B34(V) A:G 2583 GTGGTgGGTCT SYNONymous f uoquUIno One
>KLPN_162_t10R@00RBR1 pilon:24B87P31-7483663- coverage:1808.00 score=51896 stance= H
5 247 B3(S) TC:AT 249 CGACatCGLGG CGACTCLGC AAB3|5:1 reSIStance, and we
5 258 B7iD) G:T 268 TATACtACACC ATACGACAC AABT |D:Y .
5 552 184(P) A:G 553 CCGCCQCATAA CGCCACATA Synonymous d h
5 1850 358(I) T:C 1851  GACATCATCGC ACATTATCG synonymous can eteCt t €se In
5 1251 417(L) T:C 1252 GATCTcGGTAA ATCTTGGTA SYNONYMOUS Our iSOIateS
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Future Directions

Better training for methylation polishing

Local assemblies or alignment consensus
to speed up pipeline for point of care use.
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Slides will be available at www.timplab.org
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