Use of short and long read sequencing to investigate genetic relatedness
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o _ _ , o _ e A comparison of variant calling and SNP typing of outbreak samples e All samples contained a 94kbp IncFIB plasmid. A further three Comparina lllumina with Nanopore sequencing data hiahliahted the
Shiga toxin-producing Escherichia coli (STEC) are a group of between short or long read sequencing data, placed 10/12 samples on samples (588888, 588889 and 591229) contained an extra 60kbp i pl ?SNP detect PO 9 at " J daa 9o
zoonotic, foodborne pathogens defined by the presence of phage- - : . . . . . » ITTICulty O etection assoclated with attempting to integrate

U _ _ _ the phylogeny within a single SNP of its pair. Two samples were located Incl2 plasmid of which one sample contained an additional 69kbp both technoloaies. H h vsis of the N g
encoded Shiga toxin genes (stx) 1. STEC cause gastrointestinal - . - - . oth technologies. However, the analysis of the Nanopore data
_ _ _ on a longer branch due to ambiguous aligning of short reads to the IncX4 plasmid and two samples contained another plasmid 41kbp firmed the cl fic related d trated bv th
disease in humans and symptoms include severe bloody reference sequence, related to an insertion element. (Figure 1) of unknown Inc type COHTITMEE Le LIOSE gEneut Teiaietiness gemonstaiet oy e
diarrhoea, abdominal pain and nausea. In 5-15% of cases infection ’ ' ' | lllumina data. It also the highlights the need for correct masking of
leads to Haemolytic Uremic Syndrome (HUS), characterised by e All samples harboured a single stx2a-encoding prophage that was more e The two samples isolated from the previous year (2017) had a mobile genetic elements and methylated sequences relative to the
kidney failure and/or cardiac and neurological complications [ similar in structure stx2c-encoding prophages and was located at a Shiga 1.44Mbp inversion between phages 4 and 12 relative to genomes reference genome used for variant calling.
o toxin encoding bacteriophage integration (SBI) site commonly associated from the outbreak in 2018. The same two genomes had a second : - L : :

° . e Despite all 12 samples being within the same 5-SNP single linkage

STEC O157:H7 genomes range from 5.4Mbp to 5.6Mbp in size, with stx2c-econding prophages (shcB) (Figures 2,3). event between phages 9 and 10 reverting a 0.45Mbp portion of P X J J J

cluster using lllumina sequencing data, analysis of the Nanopore
sequencing data revealed variation in both plasmid and prophage
content of the genomes.

and a high proportion (9-15%) is comprised of mobile genetic _ _
elements and prophages 2. e All 12 samples contained the same number of prophages in total (n=17).

However, there was evidence of micro-evolutionary events within the

the genome sequence back into the same orientation as the
remaining 10 genomes (Figure 3).

® Due to the limitations of short read sequencing technologies in -

_ _ prophage content (Figures 3,4). ) : :
handling the homologous regions of the STEC chromosome, e The stx2a-encoding prophage harboured by the outbreak strains
information and context regarding inter and intra variation in o was located at the loci associated with stx2c-encoding prophages,

. . . . 401794 _lllumina 2017 R R sakai | 70494 | stx2a | wrbA
prophages, structural variation and context surrounding plasmid . e o and this may have an impact on pathogenicity of the strain.
] N OutIier_IIIumina 401794_Nanopore 2017 . .
content is lost. — EDLO33 | 69449 | stxza | wibA e With the development of long-read sequencing technology, we can
, . 8 Y Y [N oo 644 | 76294 | stxla | argW .
® \We investigated an outbreak of 588888 _lllumina Participant r lgolmzzglstxmlmjw now detect and describe both large- and small-scale structural
nlne Cases Of Shlga tOXIn_ - » 595557 Illumina 2018 no link ‘[588888—'”““”"‘ e _I 7777777777777777777777777777777777 TW14359 | 77233 | stx2a | argW Varlatlon a.nd eXplore the eﬁeCt On phenotype.

§ AN e e T - R e EC4115 | 77194 | stx2a | argW . _ _ _ _
producing Escherichia coli e e & AR, 3 505657 lumina Particinant —~ 194195 | 74662 | stx2a | argW e The ability to characterise the accessory genome in this format is the
(STEC) O157:H7 linked to = s aroae s o o o first step to understanding the significance of these micro-
participation in a mud-based | o9tze9fllumina Paricipant e e 9000 | 79180 | six2a | argW evolutionary events and their impact on the evolutionary history,
obstacle race [l Three additional | 501890_lumina partiipant R ' E ffffffffffffffffffffffffffffffffffffffffffffff e T e o virulence, and potentially the likely source and transmission of this
Isolates from cases who could not e £30228 | 47504 | stxLa | yehV zoonotic, foodborne pathogen.
be linked to the race fell within the  ooesHlumina Participant e s e e

] o St B TN AR BT e e EDL933 | 54973 | stxla | yehV
same 5 Slngle nucleotide sl : Lo Y 7  588889_lllumina Participant 501859 flumina Partictpant W e 350 | 54599 | stxla | yehV
po|ym0rphism (SN P) cluster as | 568880_lllumina Participant —} —————————————————————————————————————————— 644 | 54276 | stxla | yehV ror1z
——* 401794 _lllumina 2017 ~« 505637_Nanopore Participant W | 180 | 54276 | stxla | yehV
the OUtbreak CaseS. 591229 |llumina Participant B R 824422 | 106591 | stx2a | rspA
¢ 391778_Illumina 2017 . e 818062 | 154371 | stx2a | rspA
® We used a combination of short-read lllumina and long read ] S R R S S 155 | 49671 | stxa | yecE
Oxford Nanopore Technology (ONT) sequencing data to quantify | e flumina secondan _ AEE -
genetlc relatedness Of 12 ISOlateS and to IOOk for mlcro- ¢ 591122 Illumina Participant 591890_llumina Paricipant [ —71 & e 818062 | 47309 | stx2a | yecE argWn=12
evolutionary events in the core and accessory genomes. A Bl L e 315176 | 61851 | stx2a | sbcB
¢ 592579 Illumina Secondary e s I o a* 588888 | 57581 | stx2a | sbcB
- e | — b* 592579 | 58835 | stx2a | shcB

------------------------------------------------------- b* 592580 | 57569 | stx2a | sbcB MY potcne2
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Figure 1. Maximum-likelihood phylogeny showing the outbreak cluster CC11 sub-lineage | | [ ¢ 595957 | 57TSTS | stza | shed I PR Z T T ¢

b (A). A second maximum-likelinood phylogeny showing both llumina derived and L e T T
DNA extraction was performed using a Qiagen Qiasymphony Nanopore derived SNP-typing results for each of the outbreak samples(®). | | b 2+ 591229 | 57562 | stx2a | SbeB e . e e
followed by library preparation using the Nextera XP kit followed by , o e e e
SequenCing on the lllumina HISeq 2500. e R R R R T I h———— d* 401794 | 57581 | stx2a | sbcB

s N [ SO d* 391778 | 57576 | stx2a | shcB
. . y . 401794 N B 2urn=12
DNA extraction was also performed, using Revolugen’s Fire Monkey e —— y - e 350 | 67639 | stx2c | shck
- : : : ) : : = Tl i . 644 | 65974 | stx2c | shcB

Kit foIIowed by library preparation using SQK RI?)KOO4 (Rapl_d) kit and E— —— — r 10 1 63606 | stoe | b

sequencing on the Oxford Nanopore Technologies (ONT) MinlON on £116508 | 59105 | stx2c | sboB

a FLO-M|N106D ﬂOW Ce”_ __ - 397404 | 59098 | stx2c | sbcB —
9000 | 68708 | stx2c | shcB

Nanopore basecalling, read trimming and read filtering were 91122 ————1— _7- £34500 | 57463 | six2c | sbes Figure 4. Neighbour joining tree based on Jaccard distances of all prophages
| TW14359 | 62526 | stx2c | sbeB within samples in the outbreak in question. Prophage clusters are coloured as

performed using Guppy v3.2.4 FAST, Porechop v0.2.44 and Filtlong
v2Pl respectively.

EC4115 | 62526 | stx2c | shcB
E45000 | 44014 | stx2a | sbcB

follows: Green, shared between all samples (n=12); Yellow, shared between
two samples or more and Red, unique to a single sample.

591859 194195 | 60586 | stx2c | sbcB

824422 | 59045 | stx2c | shcB
818062 | 58593 | stx2c | shcB

Nanopore reads where assembled using Flye v2.8[8] and the draft
was corrected suing Nanopolish v0.11.3[6! (ONT reads), Pilon v1.2207
(lllumina reads) and Racon v1.3.3[8 (lllumina reads).

Clusters are labelled with the SBI of that prophage and the number of samples
that contained that phage. * denotes compounded prophages.

591890

267849 | 61840 | stx2c | shcB
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