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Plasmids’ Structure

Mobile genetic elements in transmission
of MDR
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Plasmids’ Structure

Mosaic structure and evolution of MDR

plasmids
O Antibiotic resistance gene
; Transposon

Multi-drug resistance region
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Short Reads
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The dile

» lllumina’s short reads:
1. Repeated elements in the genome and in the plasmid will lead the assembler
to break the contig.
2. Many contigs generated for one isolate.
3. Linking contigs to close the plasmid will be difficult.
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Short Reads
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Short Reads

Genome
Reads —_— N—
Contigs —_— L
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Mainstream Approach

@l Center for Genomic Epidemiology

Home Services Instructions Output Overview of genes Article abstract
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Disadvantages of Mainstream Approach

Plasticity of plasmid MDR
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Reschuffling of MDR region of IncA/C, plasmids
with carbapenemase-encoding gene bla,p_,

B antibiotic resistance
[ ] insertion sequence

B transposon

[ integron

I backbone genes/
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[] other genes

28,063-bp segment (sulfate transporter,
alcohol dehydrogenase, ABC transporters)
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Disadvantages of Mainstream Approach

TABLE 2 | WGS data of Enterobacterales, co-producing MOM- and OXA-48-like carbapenemases. isolates recovered from Czech hospitals.

Isolate ST Replicons Size Plazsmid name Inc group Carbapenemase Other resistance genes GenBank
encoding-genes accession no.
Kpnd4r733 147  Chromosome 5401559 bp - - - Blarme_p—15, DlEgHy_11. CPOG0380

oqud, ogeB, fosd

Plasmid 103085 bp p47733_NDM-5 ImcFll Blayni—s aadd?, B, Blsrea_ 13, CPO50367
ermi(B), mph{A), sull,
afFAT2
Flasmid pL7735_0OXA-181 - CPO50365
Plasmid 119287 bp p47733_CTX-M-15 i = mtF, Bl8cry_pa—15, Moh{a), CPO50364
catd2, aaclg'}-lb-cr, qrB1,
drfA12, afrd14
Plasmid 107451 bp pL7733_ARR-2 ImcFll - rmitfF, aaclg’)-lb-cr, am-2 CPO50381
Flasmid 115360 bp pLT733_IncFIB IncFIB - - CPO50365
Plasmid 2101 bp pd7733_Col BS512 Caol - - CPO50362
Plasmid 1545 bp pd7733_Col_MGE28 Col - - CPO50363
Plasmid 2058 bp pd7733_Col_PVC Col - - CPO50370

Plasmid 4715 bp p47733 S NT - - CPOS0369
Plasmid 55119 bp p47733_L NT - - CPOS0366
Kpn50585 Chromosome 5339674 bp - - - blagyy_11, fosA, ogxA, CPOS0371
o
Plasmid 193462 bp  p50595_NDM-1 INcFIB-IncFll Blano 1 aac(3)-la, aacls’)-ib-cr, CPOS0374
miifF, blaer—p—-15, calB,
arr-2
Plasmid p50595_OXA-181 ? 0 QST CPO50375
Plasmid p50595_ERM armi(E), mphiA} CPO50372
Plasmid 50595 IncFIl-IncFIB - CPOS0373

Chudejova et al. 2020 Frontiers in Microbiology.



Disadvantages of Mainstream Approach

pEcl-38TTMcz
6951 bp

Finianos et al. 2022 JGAR.



Disadvantages of Mainstream Approach

pKPC-CAV 1193
E. hormaechei

IncHI2
In2143 “*’“;‘f‘“m |

IncHI1
o D
Chromosome Inl433 I

K. pneumoniae
IncN In4873

FIGURE 3
Sankey diagrarm showing the distribution of different integrons linking to the plasmid types (left) and to the bacterial species detected (right).

Bitar et al. 2023 Frontiers in Microbiology.



Pilsen Approach

» In Plzen:

Transformation.

S1 PFGE

Sequencing of recipient and transformant.
Assemble Recipient

Map reads from transformant against reference.
Extract unmapped.

Assemble unmapped.

S1 PFGE

O NOUAEWNRE

Reference genome

Mapped reads

Plasmidic contigs



Pilsen Approach

)

Cutting the Gordian Knot

» Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.
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Pilsen Approach
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Cutting the Gordian Knot

» Scaffolding:

1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.




Cutting the Gordian Knot

» S1 analysis of B]aKPC_Z-positive K. pneumoniae isolates

i ESEE g so:i
= & = < & 2 g 2 I = .« After the PFGE separation, the
c - - eoemmamn=w DNA  is  transferred  to

nitrocyttarine membranes and
hybridized with double-labeled
bla-specific probes.

| . » # » —Therefore, the blaKPC gene is
located in a ~100-kb patch.




Genome Assembly in lllumina

» Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.




Genome Assembly in lllumina

Cutting the Gordian Knot

» Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.
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Cutting the C

43 kb MDR region of 240 kb IncHI1 plasmid from Escherichia coli
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« PCR, PCR PCR
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Antibiotic resistance genes are shown in red
Insertion sequence 1526 ag yellow box |

Dolejska et al. ] Antimicrob Chemother 2014, 69: 2388-2393.



Long Reads

Pacific Biosciences
First generation Second generation Third generation N 2
(next generation sequencing) o . T
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Sanger sequencing 454, Solexa, PacBio
Maxam and Gilbert lon Torrent, Oxford Nanopore s
Sanger chain termination lllumina basecalling f f . \\J
5-GTCGGGTCGGTAAGTCCAGTA:
Infer nucleotide identity using dNTPs, High throughput from the Sequence native DNA in real time
then visualize with electrophoresis parallelization of sequencing reactions with single-molecule resolution
500-1,000 bp fragments ~50-500 bp fragments Tens of kb fragments, on average
== DNA or RNA
Short-read sequencing Long-read sequencing motorprotein A M S
7l N\
. [ reader protein
e Short-read sequencing eoeesec00000] leesooesnvee

* Long-read technology
produces reads T
10,000-100,000 bp in
length and allow for :
the generation of W}WW\N’W\/\WWJ\/WW\M
complete genome
assemblies

produces draft genomes with
sequence gaps and
incomplete assemblies

Oxford Nanopore

https.//www.pacb.com/blog/the-evolution-of-dna-sequencing-tools/. Athanasopoulou et al. Life 2022, 12(1).



Long Reads
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PacBio

e High throughput
* High accuracy
e Systems are large and more costly
* Reagents are more costly

Athanasopoulou et al. Life 2022, 12(1).

Rapid, flexible,
mobile

Small and cheap
unit

Inexpensive at low
throughput

Simple user
interface and
analysis platforms

Higher base-call and
overall error rate




Long Reads

Geneious 8.0

MDR IncHI1 plasmid (240 kb) software

1 10000 200 3000 400 5000 G000 70000 B0 000 10000 110000 100 130000 140000 150000 160000 170000 1000 10000 000 20000 000 IO 240000 518
Consensus
?
Coverge | I
¢ - ol [ N I T I A

Long_read (l Cont|g) 8167 B8 BB 3B BIN I3 GRIB MB SIB WIN 0818 1AM B8 1318 MBI M5 MBS MBNS MBSTE 1M 1BBST8 RS eBSM 15405¢
[+ PacBio
REVNODE_1 length_76395_cov_220.251836
REYNODE_13_length_1615_cov_216.334005 -
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FID NODE 10_length 4639 cov 218.955230

FID NODE_12.length 2898 cov_220.110790 -
FID NODE 25, length, 252. cov. 207.728000 |
FID NODE 24.length 254 cov 219.149606 |

RE! NODE_16_length_806_cov_793.424153 .

FID NODE_11_length_3982_cov_242.569300 -—

FIB NODE_15.length_820_cov_1334.266055 .

RE NODE 5, length_ 11588 cov_230.210627 —
REV NODE 2. length 71722 cov_236.918877 i

Chromosome (4.487)
Long-read (1 contig)
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Valcek et al. Antimicrob Agents Chemother 2023. 65(5):e02556-2



Long Reads

lllumina reads Nanopore reads

Short read Long read
assembly assembly

mismatches

lllumina + Nanopore reads

Nanopore reads

Long read
assembly

mismatches

Hybrid
assembly

Ny

——— N —
N Sy
¥ High accuracy ¥ Lessaccuracy v High accuracy —s ===
% Fragmented genome v' Complete genome v" Complete genome Illumina
polishing

If not enough Nanopore
data => Illumina reads
fill in the gaps = high-
quality assembly

* Fast error-prone Nanopore
sequencing

* New Q20+ chemistry - mean Q=27,6,
mean accuracy >99%

v" High accuracy

If enough Nanopore data
e Bioinformatic pipelines will require of poorer quality,

icati ossibility to result in
sstandardisation based on the zuplicater equences If not enough Nanopore data =>

purpose of sequencing fragmented to 2-3 pieces

If enough Nanopore data = high-
quality assembly

v' Complete genome
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Long Reads

PLOS COMPUTATIONAL BlOLOGY 2023.19(3): €1010905.

Assembling the perfect bacterial genome
using Oxford Nanopore and Illumina
sequencing

Ryan R. Wick"*, Louise M. Judd?, Kathryn E. Holt»'*

A. Small plasmid recovery

Acinetobacter baumannii J9 Bordetella pertussis Tohama |

229 copies of 1S481

Reference: ...GAGCATCAGGCCCCCGGCGAT...
Assembly: ...GAGCATCAGG-CCCCGGCGAT...

error unfixable by
short-read polishing

-

ONT-only assembly graph
(small plasmid missing)

lllumina-only assembly graph
(small plasmid present)

B. High-copy-number repeats

C. Long repeats D. Barcode leakage

Mycobacterium smegmatis mc?155 Haemophilus Klebsiella oxytoca
56 kbp duplication M1C132_1 MSB1_2C
barcode 4 barcode 5
17181x
depth in 41x depth
correct in wrong
read set read set
4 kbp reads 20 kbp reads 100 kbp reads & @ d> I

e & &

E. Heterogeneity

Klebsiella pneumoniae INF277

fimB fimE fimA  fiml - fimC fimD
OFF
297 bp
fim switch
fimfB fimE fimA  fiml fimC fimD
ON

@ 76 reads (45%)

i fimG  fimH fimK

fimF~ fimG _fimk fimk

g
* 93 reads (55%)

F. Phage excision

Staphylococcus aureus
JKD6159

—  E—
Chromosome with
phage excised
2 reads (1%)

Circularised phage
75 reads (19%)

Chromosome with phage integrated
312 reads (80%)

Assembly
graph with

ambiguity

Free online tutorial at:

github.com/rrwick/perfect-bacterial-genome-tutorial

Step 1: DNA extraction
isolate DNA
‘f extract

Step 2: hybrid sequencing

- Deeper is better: ideally 200x ONT

+ Minimise fragmentation for longer ONT reads
+ One DNA extract for both ONT and lllumina
+ Save extra DNA in case more sequencing is needed

N .
S ONT ﬁ lllumina | and 200x llumina
reads reads . Bgst possuble ONT reads: R10.4.1
with highest accuracy basecalling

Step 3: long-read assembly
N « Trycycler: combine multiple alternative
ONT-assembled
genome

assemblies into a single consensus
Step 4: long-read polishing

+ Goal: genome assembly with zero structural
errors (i.e. only small-scale errors)

] ) » Medaka: match model to ONT chemistry and
ONT—pO|ISh ed basecaller
i genome » Goal: best possible genome assembly using
only ONT reads

Step 5: short-read polishing

N, . . * Polypolish first: low risk of introduced errors
wea] NYPrid-polished
genome

* Then other tools (e.g. POLCA, FMLRC2):
Step 6: manual curation

sometimes catch errors Polypolish missed
. « Assess changes by visualising read
S final curated
fasta
genome

alignments before/after polishing
- Search for errors/misassemblies with variant
callers (e.g. freebayes, Clair3, Sniffles2)



https://github.com/rrwick/Perfect-bacterial-genome-tutorial
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* In-silico plasmid closing using lllumina reads is not enough.
* Downstream analysis is needed. These include but not limited to:
* Transformation ( minimizing analyzed plasmids)
 S1 PFGE (detecting plasmid approximate size)
* Assembling using different assemblers ( elongating contigs).
» Scaffolding ( using BANDAGE, or manually using BLAST)
* Sequencing using Long reads can eliminate the the downstream analysis.
 Correcting sequencing errors and correct assemblies should be taken into

consideration

www.biomedic-plzen.cz
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