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Scenario
Scenario:
• A recent rise in cases of carbapenemase

producing E. coli in several regional 

hospitals indicate one or more ongoing 

outbreaks

• Suggested that the NRL could give 

assistance by performing outbreak 

investigation by WGS. 

• Patients include both domestic and travel-

related cases and a batch of samples has 

already been sequenced using Illumina 

sequencing (NextSeq). 

• From these sequences, subtyping by MLST 

was performed and a selection (12 E. coli 

isolates) of the most predominant MLST 

(ST410) isolates has been transported to 

your laboratory for further analysis. 

• Your laboratory has just finalized setting up 

MinION (Oxford Nanopore; ONT) 

sequencing, and you wish to use this 

occasion to work with both types of 

sequences. 



Simulated exercise results
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Pre-analysis

• All strains

• Fasta files – faster analysis 

• Test of pruning 10 vs 100

• Test of reference kmerfinder
vs optimal

• CSIPhylogeny

4

Depth & quality => fastq files
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Analysis 1 output

5
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Analysis 1 output

6
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Applies only for reads (fastq)

Analysis 1 output
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Visualisation of tree (newick file)

8

Microreact FigTree

Treeviewer

We cannot determine clustering 

based on the visual tree only
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SNP matrix – pairwise comparison of SNPs
A1 prune 10

Ec001_assemb
ly/1-2735

Ec002_assembl
y/1-2735

Ec003_asse
mbly/1-2735

Ec004_asse
mbly/1-
2735

Ec005_assembl
y/1-2735

Ec006_assembl
y/1-2735

Ec007_assembl
y/1-2735

Ec008_assembl
y/1-2735

Ec009_assembl
y/1-2735

Ec010_assembl
y/1-2735

Ec011_assembl
y/1-2735

Ec012_assembl
y/1-2735

Ec001_assemb
ly/1-2735 0 2176 2122 2180 2176 2176 216 2280 2179 2179 2182 2184
Ec002_assemb
ly/1-2735 2176 0 94 80 78 78 2212 644 81 81 84 86
Ec003_assemb
ly/1-2735 2122 94 0 98 96 96 2170 662 99 99 102 104
Ec004_assemb
ly/1-2735 2180 80 98 0 38 38 2222 604 41 41 44 46
Ec005_assemb
ly/1-2735 2176 78 96 38 0 2 2218 598 5 5 8 10
Ec006_assemb
ly/1-2735 2176 78 96 38 2 0 2218 598 5 5 8 10
Ec007_assemb
ly/1-2735 216 2212 2170 2222 2218 2218 0 2322 2221 2221 2224 2226
Ec008_assemb
ly/1-2735 2280 644 662 604 598 598 2322 0 601 601 604 606
Ec009_assemb
ly/1-2735 2179 81 99 41 5 5 2221 601 0 0 3 5
Ec010_assemb
ly/1-2735 2179 81 99 41 5 5 2221 601 0 0 3 5
Ec011_assemb
ly/1-2735 2182 84 102 44 8 8 2224 604 3 3 0 8
Ec012_assemb
ly/1-2735 2184 86 104 46 10 10 2226 606 5 5 8 0
min: 0 max: 2322

9
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Analysis 2 output
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Different pruning (100) -> different number of SNPs

A2 prune 100

Ec001_asse
mbly/1-676

Ec002_assem
bly/1-676

Ec003_ass
embly/1-
676

Ec004_ass
embly/1-
676

Ec005_assem
bly/1-676

Ec006_assem
bly/1-676

Ec007_assem
bly/1-676

Ec008_assem
bly/1-676

Ec009_assem
bly/1-676

Ec010_assem
bly/1-676

Ec011_assem
bly/1-676

Ec012_assem
bly/1-676

Ec001_asse
mbly/1-676 0 478 461 471 468 469 111 495 473 472 473 479
Ec002_asse
mbly/1-676 478 0 45 47 44 45 499 121 49 48 49 55
Ec003_asse
mbly/1-676 461 45 0 38 35 36 482 112 40 39 40 46
Ec004_asse
mbly/1-676 471 47 38 0 35 36 492 112 40 39 40 46
Ec005_asse
mbly/1-676 468 44 35 35 0 3 489 105 7 6 7 13
Ec006_asse
mbly/1-676 469 45 36 36 3 0 490 106 8 7 8 14
Ec007_asse
mbly/1-676 111 499 482 492 489 490 0 516 494 493 494 500
Ec008_asse
mbly/1-676 495 121 112 112 105 106 516 0 106 109 110 114
Ec009_asse
mbly/1-676 473 49 40 40 7 8 494 106 0 3 4 8
Ec010_asse
mbly/1-676 472 48 39 39 6 7 493 109 3 0 3 9
Ec011_asse
mbly/1-676 473 49 40 40 7 8 494 110 4 3 0 10
Ec012_asse
mbly/1-676 479 55 46 46 13 14 500 114 8 9 10 0
min: 3 max: 516

11

Pruning 10: min: 0 max: 2322 vs. Pruning 100: min:3 max: 516
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More bases included in analysis 

with better reference

Analysis 3 best reference
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Let’s compare with raw data (fastq) analysis (A4)

13
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Analysis 4 output

14
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Fastq = quality parameters (A4)

15



The Fleming Fund | SeqAfrica 16

Fasta vs fastq -> different number of SNPs

A4

Ec001.illumin
a_R1.trimmed

Ec002.illumina
_R1.trimmed

Ec003.illumi
na_R1.trim
med

Ec004.illumi
na_R1.trim
med

Ec005.illumina
_R1.trimmed

Ec006.illumina
_R1.trimmed

Ec007.illumina
_R1.trimmed

Ec008.illumina_R
1.trimmed

Ec009.illumi
na_R1.trim
med

Ec010.illumina
_R1.trimmed

Ec011.illumina
_R1.trimmed

Ec012.illumina
_R1.trimmed

Ec001.illumina
_R1.trimmed 0 374 361 369 361 362 99 390 365 365 367 370
Ec002.illumina
_R1.trimmed 374 0 41 47 39 40 397 88 43 43 45 48
Ec003.illumina
_R1.trimmed 361 41 0 36 28 29 384 77 32 32 34 37
Ec004.illumina
_R1.trimmed 369 47 36 0 34 35 392 83 38 38 40 43
Ec005.illumina
_R1.trimmed 361 39 28 34 0 1 384 71 4 4 6 9
Ec006.illumina
_R1.trimmed 362 40 29 35 1 0 385 72 5 5 7 10
Ec007.illumina
_R1.trimmed 99 397 384 392 384 385 0 413 388 388 390 393
Ec008.illumina
_R1.trimmed 390 88 77 83 71 72 413 0 75 75 77 80
Ec009.illumina
_R1.trimmed 365 43 32 38 4 5 388 75 0 0 2 5
Ec010.illumina
_R1.trimmed 365 43 32 38 4 5 388 75 0 0 2 5
Ec011.illumina
_R1.trimmed 367 45 34 40 6 7 390 77 2 2 0 7
Ec012.illumina
_R1.trimmed 370 48 37 43 9 10 393 80 5 5 7 0
min: 0 max: 
413

16

Fasta: min:3 max: 516  vs. fastq: min: 0 max 413 
Remove 3 most distant 

strains 1,7,8
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Analysis 6 output

17
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Analysis 6 output
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Analysis output 6 

19

Region Travel MLST Sequence

Copenhagen Pakistan ST410 Ec001

Copenhagen Thailand ST410 Ec002

Jutland - M India ST410 Ec003

Copenhagen Lebanon ST410 Ec004

Zealand No ST410 Ec005

Zealand No ST410 Ec006

Copenhagen Pakistan ST410 Ec007

Jutland - N Thailand ST410 Ec008

Zealand No ST410 Ec009

Zealand No ST410 Ec010

Zealand No ST410 Ec011

Zealand No ST410 Ec012

Apparent outbreak of 6 non-

travel related isolates

Ec005.illumin
a_R1.trimmed
.sorted/1-545

Ec006.illumina_R
1.trimmed.sorted
/1-545

Ec009.illumina_R
1.trimmed.sorted
/1-545

Ec010.illumina_R
1.trimmed.sorted
/1-545

Ec011.illumina_R
1.trimmed.sorted
/1-545

Ec012.illumina_R
1

Ec005.illumina_R1 0 1 4 4 6 9

Ec006.illumina_R1 1 0 5 5 7 10

Ec009.illumina_R1 4 5 0 0 2 5

Ec010.illumina_R1 4 5 0 0 2 5

Ec011.illumina_R1 6 7 2 2 0 7

Ec012.illumina_R1 9 10 5 5 7 0
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Sum-up of analysis of Illumina data

• Improved analysis result by:

• Pruning 100 instead of 10

• Better reference (index isolate)

• Using fastq instead of fasta

• Determined 6 isolates (5,6,9,10,11,12) with ≤ 10 SNPs as an outbreak 

20
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No apparent clustering 

– more scattered

Analysis 7 on ONT assembly
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Analysis output 7 ONT assembly

Ec002_ONT_asse
mbly/1-1134

Ec003_ONT_asse
mbly/1-1134

Ec004_ONT_asse
mbly/1-1134

Ec005_ONT_asse
mbly/1-1134

Ec006_ONT_asse
mbly/1-1134

Ec009_ONT_asse
mbly/1-1134

Ec010_ONT_asse
mbly/1-1134

Ec011_ONT_asse
mbly/1-1134

Ec012_ONT_asse
mbly/1-1134

Ec002_ONT_assembly/1-
1134 0 352 351 362 351 443 376 376 351
Ec003_ONT_assembly/1-
1134 352 0 378 277 357 371 336 354 356
Ec004_ONT_assembly/1-
1134 351 378 0 374 345 451 394 377 340
Ec005_ONT_assembly/1-
1134 362 277 374 0 326 303 279 310 309
Ec006_ONT_assembly/1-
1134 351 357 345 326 0 386 350 345 319
Ec009_ONT_assembly/1-
1134 443 371 451 303 386 0 304 361 377
Ec010_ONT_assembly/1-
1134 376 336 394 279 350 304 0 276 323
Ec011_ONT_assembly/1-
1134 376 354 377 310 345 361 276 0 320
Ec012_ONT_assembly/1-
1134 351 356 340 309 319 377 323 320 0
min: 276 max: 451

22

Running CSIPhylogeny on ONT assemblies (fasta) is not recommended

SNPs: min 276 max 451
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Analysis 8b (9 isolates) MinTyper

23

Running MinTyper with 

Illlumina reads (fastq) 

works fine

Ec002.illumina_R1.trimmed.fastq.gz_alignment.fsa

Ec003.illumina_R1.trimmed.
fastq.gz_alignment.fsa 57

Ec004.illumina_R1.trimmed.
fastq.gz_alignment.fsa 68 43

Ec005.illumina_R1.trimmed.
fastq.gz_alignment.fsa 63 56 57

Ec006.illumina_R1.trimmed.
fastq.gz_alignment.fsa 64 57 58 1

Ec009.illumina_R1.trimmed.
fastq.gz_alignment.fsa 66 59 70 13 14

Ec010.illumina_R1.trimmed.
fastq.gz_alignment.fsa 66 59 70 13 14 0

Ec011.illumina_R1.trimmed.
fastq.gz_alignment.fsa 68 61 72 15 16 2 2

Ec012.illumina_R1.trimmed.
fastq.gz_alignment.fsa 71 64 75 18 19 5 5
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Analysis output 10 ONT reads (MinTyper)

24

Running MinTyper with 

ONT reads shows the 

same clustering.

2-15 SNPs detected
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Illumina and ONT raw data (All 2 x 12 isolates)

• Illumina outbreak isolates 0-11 SNPs

• ONT outbreak isolates 0-11 SNPs

• Illumina vs ONT isolates 2-11 SNPs

25

Comparable results 
between platforms

Analysis 11 output MinTyper
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ONT raw data was 

processed with ‘fast’ 

basecalling

MinTyper - Basecalling
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Illumina and ONT raw data (All 2 x 12 isolates – Super basecalling)

• Illumina outbreak isolates 2-12 SNPs

• ONT outbreak isolates 1-12 SNPs

• Illumina vs ONT isolates 3-15 SNPs

27

ONT raw data was 

processed with 

‘super’ basecalling

MINTyper: An outbreak-detection method for 

accurate and rapid SNP typing of clonal 

clusters with noisy long reads. doi: 

10.1093/biomethods/bpab008

MinTyper - Basecalling
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Sum-up of analysis of ONT (+Illumina) data

• Result from MinTyper with ONT data

• Outbreak cluster

• ONT assembly data is not suitable for SNP analysis! 

• Result from Mintyper with both ONT and Illumina data

• Comparable results between data from different platforms

• Determined 6 isolates (5,6,9,10,11,12) with ≤ 15 SNPs as an outbreak

• Slight improvement in analysis with improved basecalling

• Additional note: the MinION basecaller is trained on E. coli data, so it could be less 
accurate with other bacterial species

28



Thank you

This programme is being funded by the UK Department of Health and Social Care.

The views expressed do not necessarily reflect the UK Government’s official policies.
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