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Abstract
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WGS. To identify the opti mal phyl odenomi c
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5188enomes. Phylonium was chosen due to c
robustness compared to the commonly util]
to datasets investigated withirk.ttiod it he:
Il solated from five different food commod .
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put ati ventexttrianalE.p atdleongenfiiced, and more t

were pansuscept ibbalsee.d A elodsisoentad!| 6t udy est

there wabk. |c¢canlicicemd rence between humans an
research suggests that whidabieti aigl hfuoa d
ani mals are all BPp.otemtii AMR,s oturec eismpadct on
requires further study. These outcomes Wwe

resolution offered by WGS. The results h:

particularly for food safety and One Heal
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environments such( Kaasy waantde rF ra ncdlksesio,u ¢ithg 9 7 )
commonly used as a microbiological indic:
health and enviftkKWayneanal FrciooW etrn,li .9t %7e | WK
used as a faecal contami f&E&uropeiamdiCoaimo s
200&85n0d for bathipDewpwattememgwual ot yYEnvironme

NT



Affairs, BEgoeshtypically found in faeces,
transmission between h-os &bk (rGauntggarroousgah, t1hO

1.1.1 Human infection and di sease

I n addition Et.o ,ccodmmebsalt eri um can be an

where i f the organism were to heaceme  mae:
space within a vulnerable host, it may c:
bl oodstr earn UKnfHeatl itdin Secur iatnyd Age may,y 2
i nf ec(tAuobnlsi ¢ Heal t h B®Bmdli &red,cod2ndineh)s aE. and
col ipat hbgemalti result i n disease within t

gastrointestinal di sease.

When food contaminated with. ceeltaams pmd dc,

can cause gastrointestinal di sease sH.ort |
codan be grouped (iGrtucdaepemRd®2Yp ealto,kahlnald 23)
and historical <classifications have reli
have in turn, |l ed to impréGesedtseailnDBdD) 01

These pat hEat yappees apfpr oxi mately cl assified
Il ntesti nalE.p attbhhoPgee)i/cdi &r r E®&EFECeNi @and

ExtraintestibBal (PaPBEGgandtse eanl2022, ePto,kahla.r ¢
202@)ab.l)Ye. 1A potential source of EXPEC i s
samples from human hosts I[Eave&hblhder asrhacwn
extraintest(iLhuadld einmafl2e0c2tli,oenNi, eR®ad here i s ¢
t h&hi gepéai es, which areEge@mEk i ePlBdrdagntos i mi
al . 200Bespite gevsbigenBEamabbrotiyen separ.
epidemiological and clinhClatl teawawdilf7ri)cat i

Table List of the B1 @altimhortypescal pr
(Adapted Geuomsenl2.022)

Ni che Pat hotype Clinical present
~EnteropaEhogehDiarrhoea, vomi:t
l nt est i )
(EPEC) dehydration

NY



Tablke List of the BE1 @altihocypeas cal pr
(Adapted Geuomsenl2.022)

Ni che Pat hotype Clinical present

Shi ga-ptroxdiuE.i nag
Mild to bloody d
(STEC); Verocy ) )
. abdominal crampi
produkE.i n@VTEC)

haemol ytic ur emi
Enterohembrrdaa

(HUS)
( EHEC)
Enterot &xi geni

Mild to severe w

(ETEC)

. Profuse diarrhoe
EnteroiBvaGlIiVE . _
haemol ytic ur emi

o
Q
=
=
=y

Ent eroagoge.egcaotl Wat ery oea

( EAEC) ur emi c

wn
<
=]
o
—
o

me

Di f fuse E.dhceorlii _
Watery diarrhoea
( DAEC)

(¢
(7))
(7))
o
—

AdherienrvtaBi veol Pat hogen
(Al EC) bowel di

wn
D
Q
(9]
(0]

Uropat hbge@WRE Urinary tract in

Neonat al Benco , oL
Fat al meningitis

( NMEC)
Extrainayian paEhogeh Colibacillosis i
(APEC) and bovine ani ma

SepsisssocEat edl )
Bacteraemia and
( SEPEC)

Despite pBt hoglmmiicsing a minorityEof , ctohe

there Iis a bias towards focusing on thes

N &



clinical relevance and pubifP@e25afEntyemasclp:

online resource and database for enteric
EschervrShchgigad h@anfeZsheu ,al2020)t hough database
genomes may have incorrect or missing mei

designated as fAPathogeno or fAPathogenico
E. daetabase. Furthermore, in PhdMedr i wisii a
col iand [ Whole genome sequendiNmdg]i ogman e rCatr
Bi otechnology I nform&heanr EeNCBI hg 18B88%e:
i nclude [pathogen], this | ed to 5H. 0.0 L.
Focussing primarB.l ywoolnl pl aetahdo gteoniucnder est i

within the species.

1. B. eeplidemi ol ogy, identification and tyyg

Due to the potential for gastrointestinal
i dentify and differenti aEe [rthba&d meelel pad hi
how they were spreading so preventative |
( RobBmewne,. 11908 7t)hEe. 1e9btOfsace anti gens wer ¢
denk.i foopt break strains, with the method

—~

Kauffmann, Thi%4method consisted of wusing
o detect and chapalcy ®a ¢ o kfal sapeed ,il-falbmp a@ H a K
ntigens. Curn®difyErtdeainet iagreen aa@8@8-ypes

—+

a
anti getny pgedsets , al202@protypingEi sostthil éakse
i nvestigations tod&y, phitdhol{iyghrath ,nag2 2p3Fx)c i f
Serotyping has been a useful approach f ol
approach has | ower discriminatory power
| ooks at a maxi mum of three surface anti

approaches whimhnate ditsbigher resoluti ol

1.2.1 Mol ecular t-ynuilng | apursoaclgeience typ

TypiEng baebki progressed from antigen phenot
(Whi tetta, a1 983, eStelahd@&6) bosomal( MRaNdéitignehes
1996)and DNA-bfasagmeampip(rGaaucthoens, COB7EnNntl vy,
mul tilocus sequence typing (MLSTWpisngone

approaches, performed by examining the s

M



genes. This method can utilise varoicouuss M]
fumCntli fHCH) t ypi nlgoc adnkd( fpowaAdegWt Bpi ng

(Ahmetd, alR01®ne of theEmosppcoagmenhemes i
Acht man seven gene scheme which original/
adkadenosi néeulkCihiemeaernger(lONA gyr ase, siucbhduni t
(i socitrate dedhfyna loagteen adkseehy, dp @@md@demyslegdsucc
synt het assed)d wtneaepi ng genes for( WA@R haanp!l i f
2006, Cleér,m®tl 5 nternal fragments of each
(approxi maxsd yb )5 0and fkoere peiancgh gheonues,e a s i
nucl eotide polymorphism (SNP) within any
allele, and therefore@Waetdhd2806ht ST all

The number of STs have increased over 't he
analysing 10,667 genomes (iAdbereatm B i2d®MNE , 15"
first mermwti abbmnfalamompl ex wasetn@aQ@@aper
which descriEbedodupl bmasled on (thleaertdg, saér og
2000)In 2001, clonal group A EcgBdlLwdsi ne
urinary tract infections with similar DN,
antimicrobial resistagmMangasgdl20 0dlrhtei gam s
of the current MLST based cl onal compl e x
Tareofwhi.ch classified a group ofE.urcagat h
a single ST6MAredtmfapld X)) nce then, 54 ST cl
have been doZfherenal2@20)

The combinati onkedpisemy eme htouale mar ker s i
for diffEreatlihitgmgr resolutions. It is a
classifications to be combined with othe
fimlyping, whfiichhH i ¢ Regpeal201Thi s has been
the case wherkEe thhadr es meeceidféidd subl di fferen
epi demi ol og{ Ga leftt,ead2cOklidnpg exampl e woul d be
di fferent variations in the O and-H anti ¢
|l ineages that pose different(Devahse amdr i
Downing, 2@19al2Ri2tbyvwetr al |l , MLSTs havwe pro
codiiversity and population structures. Wi

Il
=z



hi gher resol ukE. odblmrsgigthy ¢ arn obe obtai nec
entire genome, rather than just specific

1. 2E.2 d &Gehomi cs

A genome comprises all an dGoamdimamdangen
Landweber, D2OKX§)yi bonucleic acid (DNA) is
i's ordered i n an (oWagasnoins eadn ds.eCoW@cPkc,iesl @ Hh3)
process where the base order of the DNA
coll ected, which can be analysed by down:
(Heat her and. Chai mhel2®d6¢, advancements i
third generation sequencing can now geneil
data rapidly, allowing whole po(plaltatailons
2025)Currently WGS is the highest.)Y.esol ut

Discriminatory power of typing approaches

Biochemical phenotyping

Serotyping
Multi-locus sequence typing

Single nucleotide polymorphism

Figurnle A -exmaustive | ist of different typ
E. coThe arrow indicates increasing disct!
E. baebkia single circular chromosome | ocat
of the cell . H.hegdhmmea hi sofv arhiEablceland wh

popul ations have beenShingwadgsltai gaitbes.e(qgci,oeksi |
t he. gehome | ength has been found to rang
(Lukj armecemk20010ne reason for this are | ar
be present in one genome, which can be al

termed accessory 6BRgée@enaBlHo9@O®)genes

The pangenome is the set of all genes in
being I nVeBoestigalR@dnsd) i s comprised of the



genofmBRasekto, aROB.8)baki an open pangenome, Ww

are generally Bddgdhwmes ae#& included 1 n
( Toucehto,nal2009)pdiEt i mamddlled to the collectior
novel genes that are not pre@SRadekiomlt he |
200.8)The core genome is defined as the se

found in a specified percef@Raseko, @afl2.0a0 8g)i v

The size of the core genome i s dependent
i sol ates and the specified percentage of

genes. TheH.efcootee tgheenome can vary bet ween
may be defined as present in all organi si
true foE.acoi hercti on. For examgEle,cod istu

genomes found that 11% of the genome was
wheShi ggehmha@ames wer@Lukjcamededi2001 0N contr act
study | ookEngcaebl 416%1found that 14% of
comprised of( Decrasmogeamaels Dowmhng, r2gpieysent
that are essential for species survival,
and tr an(sMadeapr,iad2m 05 ,e tRaaslx®0 8)

1. 2.3 anolbii | e genetic el ements

The accessory genomeconsfeerrvsed ogends tihne tnh

(Segerman, TAe1d) ver si ty oF. accecledsuseo rtyo ggeenn

from horizontal gene transfer (HGT) and
driven by envirophkehneatnaWdddtHGATI amref er s t
acquisition of external DNA from one or g:
i ncorporated into the recipient organism
recombi(nlaaawroennce and RetGemleess sg,ai2n00d9 )f r om
beneficial for wutilising different subst.
energy effi(XKiagreth garRa0wmtéhpt al |l genes gai ne
beneficial to growth and adaptation, and
process for advantageous horizontally tr:;
(Vogan and Higgs, 2011)

E. mobile genomic el ements (MGEs) in-cl ud:

l i ke structurgedaclkeadmilOasimitdesgyr omsbialre no

O



genet
as a
Prats
circu
AMR g

1.2. 4

ic elements that are |inked to mobi l
vector for genes importanf(Sabatadanp:i
, 2002etDam@OAGBYyend | arly, plasmids ar
|l ar strands of DNA that can act as

enes.

Sentinel organism for antimicrobi al

Antimicrobials are compounds that stop t|

mi cr o
sel ec
effec
publ i

dur at

anti mi

201.9)

AMR i

or gaJKi Hmesal t h Secur.i tMi cAgoeornrcgya n i2s0n2s4 )c
tion pressures |ike antimicrobials
ts of( Chriest abklduog2sB nt i mi cr obi al resi s
c health threat as it can make curr
i on ofGAOW fleke,t iZ6m2s4 )her mor e, a del ay i

(@)

robial treatments caAncecardstd,@n i. nc |

s one of the top gl obal heal th thr e:

estimated 4.95 million deaths, which i ncl

attri
i nfec
contr
bet we
14, &4
96@d ay

Curre
respo
clini
Organ
( Acce
UK He
nati o
gover
t hese
AMR.

buted tOMAMRAapalz® 22 ha2023rexwindtidntot i
tions within the UKEhawaskiithengecemp:
i butor, responsi b-tesfoetaotveba6b®r at]
en2 RPSVUK Heal th Secur.i tlyn Aagneontchye r 2s0t2u
8 bbbopdstream infection cases, AMR w

mortality @bhhamgetnpla0ORd8dnt s

ntly, a coordinated antimicrobial st
nsible selection, usage, dosage and
cal outcomes is | ed b(yWotrhled Whberalldt hHe :
i zat.i okhAn &2mMt2i3mi crobi al <classificatic
ss, Watch or Reserve)o |list created
alth Security Agency to support ant.
néd UKI ¢éleall t h SecurityhiAgehtcygt RB@G@225hp
nment reports apdti srodggén.de\Wihtemsiinsn

rEe p acretlsr,eported as it is a commonly
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E. caehiacquire resistance to different ai
(see Sezdt)i.onThlee health risk is amplified
resi stance ( MDR), Bhtierhob ac tpa rolpeocseereiisnol a
resistant to aatl|l eaabt omdmtdiemige i amd(sTeasb | e
12 Magi oetakadalBO0O1lZpnceEni oghiypotentially be
extensively drulgGueyesaRtO®2r8th a(rX@a@ZR)er i sed by

nearly all antibiotic categories.
Tablz A -eamaustive | ist of antibiotic
Antibiotic Target
Penicilli

Cephal ospor

Carbapenem

Cell wall s
Monobactam
Gl ycopepti
Phosphonic
Pol ymyXxi ncs Cel | me mb r

Ami nogl ycos
30S riboso

Tetracycl.

Oxazolidince

Streptogr al

Macrol i de:s 50S riboso

Lincosamid

Phenicol s

Quinol ones DNA topoi so

Il
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Tablzaz A -eaxomaustive |1 st of antibiotic

Antibiotic Target

FIl uoroquino

Sul phonami ¢

Di hydrof Fol i cs yanctihde s
Tri met hopr reductase Inhibitor
in folic

synt hienshiish

AMR risk is not | us<t laiodiitogdg otrd umatshagen
Commens.alwot hin the guts of humans and an
potenti al reservoirs for AMR. For exampl
pl asanardri age of AMR have been(iTdwbtghl ed
2022, BtajaRr91l1CTCTop mm&nsalal nt ains an i mporta
di sseminati ofh. oobdo tAWMMRn talse gut <can spBE.ead
coamd other bacteria through mechani sms |

1. 2E.5 polpiul ati on genomi cs

Popul ation genomics aims to understand t|
popul ations of an organism by ¢éXmpaliO06):
Li ke otheE. bmeprodwaces by binary fission,
generating near genetically indistingui s
exception of raBHdbmaROt&%i orss proposed th
variation in a DbeEactcesrlidaule stpoe ceisetsa blliikseh e d
mechanisms | ike genetic drift, gene f 1l ow,
( Goredo,al2014)

EarH.y popul ation structure studies sugges
frequent recombi Eat popubadi ohastrhbeture
i ndependent !l y (eSYeo@ditvd alf 96 BEgnesch, genetic

wi t hi nE.t hcebsben a | |l ineages were thought to
vertically transmitted mutations.E.HacwéeVve,:
|l ineages is now identified to be caused |

>
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Phyl
rel a
and
Spec

om di

erticdWatnhut aRiOoOmhi s i s suggested by
qguilibrium, which is the association
mosomer andamnf®&$ ait xkm.n,Ge2n0t8)c el ement
ughaHGmmd egrated into the bacterial g
h would break associations between al
ier for investigating the evolutional
me acquired fmimn dHtGiTon amay reawe di f f e
ories, and when compared to the true

ngruence when determining the evol ut

Phyl ogenomi cs

ogeny aims to reconstruct the evol ut
d on shared characteristic traits |il
tic sequemrcandatPal ci, 2018t ,8€CM0WMi8dt,,
pertniad202The basis of phylogeny stems
similarity of a compared organism, o

ed origin.

oge

g t

netics is the study of the evol ut]
h
|l ogous genes or proteins are used, wl
s
n

e genetic information within org:

tsnchat i m@agea common ancestor.
e i di fferenta)l speagads i winaetvweontway w:
| ati on become separated from other m
I o uni que chaomthelrogodussgeme atneientgl
i C
g

p

ation events, where genes are e€e€opi

e
ugbh GEG&trr sal2004his process may all ow

g

u

nes termed paralogs. Additionally,
|l ogous genes, termed xenologs, to be:

cquired tliPoeglraRlODSBMmi ds

ogenomics builds on this concept and
tionships by using the whole genome
statist@iYadng ndred e@iclel unget ,2202M01 7 )Na s c

ies phyl ogenies are typically denot e
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represent the ope
theoretical ancestor.
this common theoretic
Species trees can al s
relationship i s shown
i sol ates is highlight
Phyl ogeni es are not r
understand the evol ut
advancements in s
can now be ue®e
Phyl ogenomics buil ds
or the whole genome,
genes or a smal

C
Figure A theoretical
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laz2n)d. c

referradceast
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ancestor to the OTU), and D) Clade (a gr
a common ancestor) (Created with BioRend:
1. 3E.1 pdlyil ogroups

There I s a broad repeatable phyl ogenetic
i dent i E.i edoTHicer Ref erence Collection (ECOR]
of reference isolates from differing hosHi
di ve¢®chman and Sel alrhdee rCl elrOBdn)t tri pl ex
on the ECOR set, Was ctwdead pthy | olga owipfsyy, wh
subsequently developed in further studie:
E, F and G (Gly¢ oegio waulpB0 0, tl ealm@bh3, €tl er n
al . 201%peci ftibphheages did not fall easily

categories but wek.e ctotliicbypkt as¥Vctaddsats

|l i neagestadht are taxonomically and phyl o
ot her phylogroups but have thg Waagmke atl ypi
2009, Gaegi,akRONL&Yyyptic clades 111 and 1V
separateEspaderesh(aanugser aPut t,emnedt caly.p,t
clade V was rEesaclhagsdicfhii ddlL eaus, md2tOaleédEh.e c o | i

phyl ogroups are a current w&y achtphyglroge®!l

l i neages. However, this current phyl ogenct
target genes, which do not take phenotypi
genome into account .

These phyl ogroups have been useful for e:

bet weengehbmes. The resdlatsedf momal y SHUAS I f
cogdenomes were in |line withAplkdaveadggesetbr

phyl ogroup D was most <cl|l osel yE.r ed cdltheech ttah

E, B1 and A phylogroups as another | ineac¢
F, G and BRAHOrieatmmad®e0s2 1, -Soead gladz) 19)

Furthermore, Ehegelomatsiones nis directly
phyl ogroup classification, with the most

| argest chr o(mMdcsrmozvdallleds j al2019)

Broadly speaking, each phylogroup has be:
ni ches, although ther&. hgésbmephysomeoaype.l

are often associated with a commensal na-i

S )



within heall Haygeetmuana®2 3 ,e tDuarld &1 ,e tL,easlc.at
201.3)Phyl ogroup B1 has also been found to
l i vegtlesktatal2013,etCamu2rfal 5et Ma I2@i2n2d)
environmental @a®aabptza®m@AdlOe seTto,uaclh®dn0)
Phyl ogroups B2 and D have been associat e
extraintesti(nRals spa talnadg eJnosh n seotn ,, a IRDDD), Pi ¢
Phyl ogroup E has been found within a ran:
and have been found t@©CIlberagemd2t 2cBf W lyo giri o

F has been primarily associated with poul
|l i neages have been t é&r. mgd PAC) & negtkR,aatlh®@yle)n i
Phyl ogroup G has been designated an intei
B2, displaying similar extra intestinal
their(Cheseamondl2019)Y was suggedAt dedt ldayl aGo n z
phyl ogmpewp fic ecol ogical adaptations may
flexibility for the E, Bl andadapt ineages,

mechanisms in the F(G&GRrRz-alhkea BAaR2I0il®gages

E. tobm t he

di fferent a

(7))
QD

me phylogroup and that hav

(¢
(¢
(¢

SsSsory genomes. Foat dadaimpl e
that ST131 can be further split into thr
further split by distonserokdstecesbasgd
accessory genome clusters were found to |
circwlahen subtypes (dfc NSeTtll, 312 ¥i1 &) HGT

E. population structures within specific
environmental factors. These popul ation
monophyl etic but can gtTielnlaett | a0 & @Eh.b yc glhi
clonal group concept is not yet fully def
di fferentiation still contain multiple I
genetics studies-Ehacvelaxplodsdatexol2®@01, ML
et ,alR022rvealing that certain phylogroup
influenced by certain hosts, host 1 nter ai
temperdtMukeds al2022n a 2020 paepeBIbgolMouch
phyl ogroups were found to be associated

The 1 solation source was also found to i1
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t h

at theEniabkitbel ated from may infl uen:

( Toucehto,nal2020)

1.
Th

en
(B
nu
Le
me
p a
ma
Ad
Wi
bi

al .

1.

Ea
h o
ar
| o
Se

4 . Host origins and contamination sour

e gutE. wbgepecally resides, presents as
vironment, with multiple microorgani sm
Il @ggsal2017, eMe dall2a0clk&e n e&r. alclayh,i access and
trients present in the mycC€odheetinj KIE9 91 on
atkamalOO0OBHpwever, specific |ineages of
tabolic capabilities, vwwiciec moidse | esv,i dvehretn
thodkeni©O@abiv: H7 was identified to utilis
nnose, and rEboME&LbEWEewaRBalmdote hal2.00 8)
ditib.naddlygt with other microbes and ar
th dEffeohegges and ot her bacterial spe
of il ms) in |[|(aRbeoirsanteoar|0 G@e,t eKa@ROi2kb et Sun.
2025)

4E .1 ¢ ol ihumans

rB.y popul ation studies within humans de
sts can harbouE. mobbii@eeéaddbfrfenaendt badi
gued that the human gut cBE.nteabi tnaeidn st ruasni
wer resolution serotypin@gCaugeah &adltOr8olp, h
ars and Browfleagtand|3®D2) denti fi edEthat

cottypes within a host could drastically

t h
ev
hi
di
cCo
Ny
h o
h o

al

is early work that the genetic diversi:
olutionaEy doEkeirdemde for this hypothes:s
gher resolution WGS approaches, where |
fferent Benoolyddetsemnekfa asequenceé&. upoto f
| oni es and identified an aver a(@fo2t &r di
arekto,al202The presence of mulE. paviet Wii d f &
st Iis suggested to be more influenced |
st evolution only plays a Mk os\ryearrektioe i |
. 2021)

ON



Within healthy individuél s,pbtylh e grratue satar)

~— —

- «Q (¢] - (@] —~+ O [N ] ] > - N

< NO

1.

A
P
c
C
z
C

eplaced can vary; in agreement with the
i neages, whol e genoyneearanlaonnygsiitsu dfirnoanmt ag u2t
hat there are tiwoa priadt,e swhoefr etbuyr nsomeeainft i d¢ o
we ek, and sl ow, i n which(€andaatgpalc.an I
025)When categorised intetp@20285)yoapbso C
denti fied that when phyl ogroup B2 was p|
ot oecwo, and when phylogroup A was pr e
ouldxcet. This is contr astoadentteyahoi.tchher w
ndi cates that i f Et.herodnmaume tmaerse dihweccaldi
ol oni sation increase, regardl e(sMo+oefl t he
ourente,lal2 02 MpJroeulrente (a210.25) al so suggested
hyl ogroup residence withinothg gH.¢raddlgi ;
hat are better at maintaining residence

ompared to more transient | ineages.

he diversity observed within the human
mmi gration e#2ents| i wheodbhged through ot |
nvironiextittal2 018 -NyFaorektoe a2 02 By t©Cel typical
astrointestinal bacterium, there are mul
ead to potential tajaersmissnmental humans:
ontamination ohKdyoananldr wak-Rosad 98av7, Cec
01,) transfer from other Hdiatrectz2laa RO 10y ma
ohneotnal016)

.4E .2 ¢ ml lani mal s

4 E2. Iwoltihi n companion ani mal s
companion ani mal is defined in this the

ermanently within a community and kept |
ompani onship, work, ¢O(Popgyé&€hml agdc ®dbbsas,|
ompanion pets are highlighted as one of
oonotic disease byAbnhmaUKagdvEBlramenHeal

ompanion ani mals are a part of many UK |

estimated 11.1 million cats and (8e®sehielyl i

a

Il . 202The shared environment and |ifesty
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habits of the pet and what the companion
(Cunni Sgham and Emery, 2020)

Companion dogs and cats have been iH.ent i |
collineages on differEntcephbrasedfftdmithdeéoc
rectal, abdomen and hindquarters of a gr
harboulE. AMRDbM di fferent (MDualedgeaneltliW) tchianr
heal thy dog popul ations, abpthyF olyave plse &dn
(Bouemeal2019, e$ScaRiodt®urrent WGS studices$ i
popul ations in healthy dogsEhavV@bhgieamalr.al |
2025, ®B¢agkh®w23, Btoedhimet 8)

Speci fliichesadbes of select STs have been in
assessed for host association; cl ades of

specifically in compatKbdetheql20.28TdHinsot h

contrasts with ST131, which is consisten:
and can also be present within companion
di fferent potenti al health risKXiidsttegt m:
2020b, tomdla014,effi m@0tld, eldo,han2s0InG)IB.7 2

coils identified as a dominant EXPEC | i nee

l i neages adapted to humpdpropanadhot het I |
operon, suggested to be |inke@Et and®tuehttien:
al . 2023)

Wor k i nveEst iagoatthiinng ¢ o mp a mil cdno cduosgésd haams| |

sharing within househol d¢$ Chetdaa,éanl haudnans
Johnsotnal200Bpth healthy humans and heal't
E. ,@amldi it has been suggested that cohabi
promBt esbhhring -taemrdm| omnilgohols mesto,@a 008, Joh
and Cl abotsLowO06s)ol uti on typi eg (ap9p8&4o)ac h
and Johbhhts(ae2h0.01) , and a smaller study by J
and Jobhs(e2h0.08) idenacdurdendha@athazpmpened w
bet ween species withien (AUG&)h ofl Urst. h&ro holsg
t he. celcicurrence was more prevalent with

househol ds.

(0} 0)



I n terms of indiretc(a2l9.08)cesppdsfbadesdhe s
hypot hesis, whereby both hosts are expos:
represents an exposure route for both hul
studying raw meat diets for pets strongl:"
ithroduc&. AMBI companion dogs, |l eading to ¢
meat f ed dorgasw ammeda tn ¢fierde adtoagl302 2, e$c larmi. dt
2015, Motr,gaadn0 2 Hpwever, this would be fund

humans as meat consumed by people woul d
contamination and expBsesoateoflNslAadpdndedatl
environment (e.g., household surfaces) t|
potenti al interface for exposure, which |
qi

(7]
(7]

emi nat Eon¢abMMPRItnsal2015)

The domestic setting has been highlighte
coordination with key UK government agen:
zoonotic diséeé®sbl canHeni s Hrhel amd || e2z016®
national surveillance data for I|ivestock.

I mproved:

1)The APHA surveill ance approach is based
I nvestigation Centres and private surve
APHA. According to the Public Health Ac
repof(Patlic Health (Control of PBactasid

i solated from diagnostic submissions fr

sampl es) ,-mamtdemosampl es, but not all sa
government | aborator(ilensi maolr a nudr tFhlean ta nka
2025)

2)) The APHA does not provide a vneotretreimmar
examination for c¢compaSalomo melilma,l sY eorustisni
ent er ocaonldi tgiecnae,r al aerobi c (aAndi naanla earnodb i R
Heal th Agency, 2024)

There are currently no AMR dieravddihlyl adlge
caisn theUKUKHeal th Security Agency and Vet
202.8Hpwever, as of yWadry pRIiOI2dt, «at Udbwrwas ar

orn



Veterinary MedicVMB)yS tOhatcwiolrlataeddr ess ge
surveillance data ( Wetceormpmari Yo nMeadii anad ess L
Al t hough sales data on veterinary anti bi
(Veterinary Medicinesh®reecsoaaheed2D8n) «

assessment of how this is reflected in Al
potential for zoonotic sharing and healt|
been well déooumemaengpl e t he -detedadt BOTEI3IAS

codont aimiCangM-1a5 gene t hat had c(oTijnuegfattalo.n
2014)Companion dogs have also beeB.ijdeht.
for exampl e, in a study of 73 healthy col
samples) hadE.atwidtelmsAMRnNneand 30.6% (n = 2
had MDR ¢8thmitdtal2015nterspeci es.sicarliang
ri sk and has been identified in a smal.l |

focusing on-pESBW/cAmmPC Ent erobacteral es wi
identi fied t woolCal Wsltba n( cOBsT #HdBf0 ) abdCadMa

55/ CMp‘rr oduci ng-SMA@bE:)HR Bt er speci( Me ne&at@isi ng
al . 2023)

By assessing the sharing alb.d @MRhirn s&k usi
household setting, a greater umoesitstandi
opportunistic pathogen can present to boi
WGS popul ation studies assessing sharing

progressi mgdiwmmgdeorfsttahe ri sks to both host

1. 3E. owmliretail foods

According to the World Health Organisati
Safety, contaminated food resulted in an
201(OWor Il d Health Organization, 2022, nWarhle
Uni ted Kingdom, the Food Standards Agenc)
popul ation suffer from an i nt Baatti,md20 1i2n)f «
As evident by the number of foodborne il
assessing food safety can be further | mp
bacteri al pathogens on food, the only ba:
species isEspeefthued ikBis subtype is kno\
threatening gast(GONt K. | BFOBIHY iaxced agaesn a f

OoP



|l i v
Mi |

The

Il ng vector that can aid in thdamnmilstsemi
l er., 2005)

food manufacturing process differs gi

di fferent seafood products and different

c hi
me c
pro
me a
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and
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stu
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ar e

rea

Str
sur
t h

fo

o o o

me
i nf
t he
sur
sur
di s
bee

exp

Or d-

( Di

The

enu

cken meats, chickens are stunned, kil l
hani calelryeddefaenadt under go mul tiple scal
cecResgeral201The wide range of pork pi
ns that the manufacturing processes C:
contamination or niche condit(bebréha
L amatekk ar., Fds2t2)s| aughter, pig carcas

, then cut i nto shoul dleke esntaena, k sP® &l 60)i n :
mon fillet processing route also goes
nning, bleeding, gutting, filleting, |

retr,@R20PrGa)wns require different proces
caught from either wild or aquacul t ul
dy for distristhhet i omgoman(dRiaorrmeemydR® o § )

ess to bacteria can be defined as a h:

vival (iChuatgnalz2@ @6, Begley d8he Hiolhlst ah
rmal , osmotic, chemical and biological
d suggests that the microorganisms t h:
hani sms to over(cOhmentd, ad0e Gehveesnet se vent s
l uence the | ineages present on food b
re is a selection for certain genes al
vival in the ®&kEicobelré&hai s$urfviodal defpen
vive in changing temperature, osmotic
infectanf{haentdg, d2W0 @Rt hogeni E. | bakribge:
n found to survive these extreme condi
ressing genes that allow suc(c@lswdrudz af
ez al2OIr3)exi stence in a viable but no
nu and Bach, 2011)

safe threshold for microbiol ogical C
mer ati ol meehodsi onal Organi zation f ot

Oz



I nternational OrganizatiomefterctS$Sthgnk.dared ia:
cousing colony forming units (CFU) on foc
food g&foetdy St andards Agency, 2023,. Hehd t
presenk.e ooofl retail foods can indicate poo
exampl e, theE.proeoslefnocoed ohfas been associate
contamination and ineffEHotevealRDadnetdenmsa
al . 201%aand uncontrolled (tleeipealaOL@phe aande
contamination thresholds depend on the f
designate@antedd®RYE) or nd&EturampeRME Cloaomomd s s i

Enumeration does not t aEke ctohteb gaecnceotuinct dain
di fferenBE. tppkes oiff ferent I mmedi Seergtaenr
al . 202Fpr example, the EnfOabvoostdpbpeeaekftf
estimated to be between two to nE.nec oGRU,
out break had an estimatiaddO0OiOnfHAUKBdn amd e
Takator.i , ThRerlelfyor e, e n u mekr.atcionhg asna fnea tli eovne
food | acks the abil iE.y tthohtd insatyi npgrueissehn tb eal

heal th risk to consumer s.

Popul ation studi es E.odkoibmgd aothn croemnae ns alaw
observed a wH.debodrg$aHhagyeegohfial2 018 ,etYaanad 18)
There have been no studEes8Sdobhibarpgeapwnppul

sal mon. Additionally, other seafood rel at
|l i neages containing cert aiEnllAé&Rstg,panzG2 Q©,f
Roscheans,kailO0O1ThereforeE.t1 Bddscommoret ai |l se
whet her or not certain STs are associ at ec

currently unknown. A WGS popul atesh &stund)
codn s-bowught | eafy gr eemn cpltaosdsuicfEi. ebdy 0IRZE0 d
genomes into 21 STs with( Raatdeadl@a2z2@prsser
papers di scusk. té&de$ irraencgoev eorfed, but do not
these STs represent the whole popul ation.

identi fy tHEe Yarmieatgieen win hin these diffe

oT
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objectives

the popul atB.onc osltdriufcfteurreen ta |
can help us understand how
e of compartments. Hhi,coliis
pat hogenic and/ or spread AMI
can | ook at not Ejupbbktlratdi
accessory genes whiclE.may|fi

t sour ces.

I's project aimed to address

ernative and opti mal phyl og
gatE. tbel duwversi syuodies.

=y

es will consider other asp

=]

es.

eate alternative phyl ogenomi

ual gene histories.
which approaches are appropi

e t he H.i veolsiidtyaialndf ad dsk wdi
el ective approach.

y whether or not current eni

d safety.

y al.d coomgprasiety within and b

mmodi ti es, as wel |l as withi

y potential AMR risk repres:¢

D
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ol denti fy anyaspuwtcataitveed hgoesntomi ¢ si gn
be further investigated for identi:

ol dentify genes of concern, sHch as
coilsol ated from humans and dogs.

oo



Chaptératzrials and Me

Chapter cont rSabmptlieoncsol | ecti on,Edescodlgin, p
culturing and isolation for each specifi
read whole genome sequencing was perfor mi
t eam. Bi oinformatic quality control proc:
anal yseauwbteby-Z2amWRdi,o and de Oliviera M
anal yses was done by Astorga, G. Wor k wi
A.E., Singh, D., Wain, J., Bl oomfield, S.

R\



2. 8.

Two

2.
E.

S

1)A

s u

Th
A .
s a
by
Wr
Ol
A .
Ma
fo
G.

2)A

1.

pr

Th
J.

un
gr
Fr
by
A.

as
As
S.

W o
1

po

daltiaset s

eEar atod l ecti ons were used for this

col | ex.t icoenb loaft ed from retail foods f

bset was wused to compare different |

eesdi gn of the food survey and sampl e
E., Janecko, N. , Bl oDméoild lecctS .odn. ,0fal
mples, as well as growt hE. dueeetlteec td oonne
Bl oomfi el d STHWeatdaa nadn aH aylsaius,, R.cri pt
itten by Astorga, G. Bwiotohmfh eehl pdd, f dSe. nd
i veira MAMalr ttihnes ,wolr.k waAstodirgays Ged Wi
E. , Singh, D. , \Bd ioro,mfSl. .ell.ndd adnes d D loi, v &Ri.
rtimbBeonpari son of phyl og.enoonb m mett &
ods in Norfolk, United Kingdom was |

and de Oliwveira Martins, L

col | ee.t itoonb o fhuman and companion dog

ovided by a collaboration with the |

eesdi gn of original survey and sampl e
, Pomba, c. , Frosini, S. M., and Loef
iversity of Lisbon and. tThteea dRso ydhd s iV
owt h, detecti onE.anae lies odaonte obny aoAfd ttohr
osi nAll SedM.itpthtes, code, and bioinform
Astorga, G and were discussed with
E., Bl oomfield, S. J., and de Ol i vei
sociation study was di scKissealndySaws\
torga, G. , Mat her, A.E., Frosini, S.
J., Savva, G., Tiwari, S.K., and de
r k.

Food sample collection

Eitive samples were selected from a

Zamueit o(alla.nedkaml20wh3e)r e as eccrtoisssnal study w

conducted in Norfol k, United Kingdom bet

MN



i nvestigate pat hbgvean hceant éAmiEnagt iJameck o,
and P& ailhe sampling focused on five fooc
consumed food products based on the Famil
(Department for Environment H&ohed fawve RwO:
commodities included raw chicken, raw po
and -packaged | eafy greens, re@ddrnealgain 1
2023)

2.1.2 Microbiological detection, process]|

Sampl e processi ndg, mrogpgarbatoilomyiamd det ec
previously descri bed etnbaeanecckqg &And&E.Zama
Bl oomfi el d S.RJ.JamedkdRR02&prmpl es were pr
within 24h from purchase and approxi mat el
transferred into stomacher bags, whil st |
were homogenised in 225 mL of buffered pc¢
Laborrayt (SGL), Corlpy, fBEBK] S®&wal@0stomacher
| aboratory blender, WorthA@gf oMBKB.4ht hen i

50mL of the incubated BPW ealsi adhedt tor & f
concentration (EC 2x) (Ther moFisher Diag]
at MQ f oN3hEdblmet hyl enagabl ¢&EMB) (Sigma Al d
UK) was inocal alteceadp swiafh tlh0be i ncubat edC br o
for \Bhh all subsequent agar plates were

temperatur e.

Up to four colonies were selected for ful

E. mol phol ogy (dark maroon colony). Thes:
i sol at es. Each isolate was subcultured ol
Di agnostics,) Rairmidnfadr d/, sWwkcul tured onto t
Scientific Ltd., Leicester, UK) . Esotat ée:

by a negative result using Simmon's <citr.;
and a positive Eesdbteuspnty Remgbknt test
Loughborough, UK). A f ool. smonpil tei weaa si fc | tah

| east one iIisolate passet@&. ajpobkbitoviee miamal

3
Il


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/eosin
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/methylene-blue

to Eourcolbnies s®ACr em &dtf IBrucell a broth
( Ther moFi sher Diagnostics, Rochford, UK) .

2.1.3 Food datasets included cion ithe final

I n the study from danpnalBk6 aod damubdeol, 3
E. pobi(tdJaredkml202®)y i or to the Est acrotl iof
Il sol ates were selected for WGS according

An initial cB.l Iceschtliaotne soEff r5plabs L ®irve sampl e
coll ected and sequenced bbeyMatkeet heAsEayrt.:
N. , Bl oomfi el d .S.TJh e skanbglebhd@ mas, were used

chapter 3 of this thesis. The samples we.l

1) ChickenE(npebilt6/i 16 sampl es), El.eafoy igr
positive sampl e, ppdrik i(vre = almp/l le56E)., pr a
copositive samples) Eangdosaltmor GSmampl 2/59

previously selected to confirm that the
det edct.i mgpl it o a maxi mum of four i sol ates

were takenEfrpmbietaichhe sampl e.

2) ChickenE(npeb28i 28 samples), Eeadqgl igr
positive sampl e, ppdrik i(vre s almp/lless E, pr a
copositive samples), Eangobalmoer 6ampl BE Q¢
were previously used to assess host DNA
met agen(oBrlesomfti,al2Zdd@B8b8) deposited in the S
Archive under project PRJNA1107692. Up t ¢
di fferent morphol ogi €s webéeti akesampom. e

3) Prawn samplE.s -qmbi=t i5wd 1lsrbmpl es) wer e ¢
i nvesEi gabbdtamination on prawns, where u

i sol ates wer e E.hopsoebni tfiovre esaacnhp | e .

4) Chickebn. (pnok= tliOve samples)E. |paliyt gveece
samples), Bor4g4koHKinti=vel sampl es)Eangdokiat moe
samples) samples were collected, where u|

randomly choBenpdbkirt iemae hsampl e.

no



To explore the dolvteamiingt iofg r et aAislt ofrogoad s
G.priorsampleads wi t hf droufrurn tstod rBt eqd e red idn &5..
and Paluamd,erRle kc ud rtdirrawvathh E .h e,c odtnhd@N A

extraEorohmer det ai | for this dataset IS

2.2 Human and companion ani mal dat aset

To expfl oceolcicurrence between humans and t

habiting within the same househol d, faec:
were obtained in collaboration with the |
coll ectBih.omdeamrdti on arxedteiscmnBHeddtl1an 5.3
Further details for downstream bioinfor m;

2.2.1 Human and companion dog sample col |

Faecal samples were collected as part of
observational study at the Royal VeTthea i n:
design of original survey and sample coll
c. , Frosini, S.M., and Loeffler, A., in
and the Royal Vdthersi manuydyColnlcée geled UK ho
one human and at | east one companion dog
convenience sampling. Al human particip:
study. An epidemiological dquenatni ocnembier e \
each houdMemekzttsalRO2&pmpani on ani mal sd he
by veterinary professionals, which was al

provided by the owner.

An epidemiological questionnaire was Cco0m
members of eaCHhe heatsgahld) 2d®pt ai ning inforr
regarding the home owner 6s age, general |
travel patterns, and the | evel of interai

i nf or mati orseictd i ®thatbe B . iln

2.2.2 Sample collection and processing

Thet usdy desri gvor k wi t higmnowhihs deeésicsi on a
E. wele done byaAhdtbBrgsakad&calS. Mample col |l

processing i S dseescctriiobneds .i3n. 2det ai |

nn



2.3 Whole genome sequencing

AltepumfEt i ceblvwdreses ored in 17.5% glycerol
-700C were cultured onto tryptic soy agar
E. Ccebswmncker DB AIXt rmacntdeoqu e n@riacwgt.h, cul tur
DNA extraction Wads op e¢qafoomGnae dp uory@Ecutolr e,
col onies were ig8Lo@plulostpehdatientbar f4E0F ed sal i
directly into the MaEwetéblcarer DNAewasd nai
using Promega Maxwel | RSC Cultured Celll |

UK) according to manufacturer instructi ol

Genomes underwent short read sequencing.
formed using the Nextera XT |ibrary prep:
Californi a, USA) and sequenced on an |11
'l umina pairea @uadrmraemdse pwerntci ng t eam.

seqguenced isolates are hereafter referre

npe



~ ™~ s ~\
Human or dog faecal
A) 100g Food samples B) sanl'lple
| 1:1 ratio of faeces to L
225 mL buffered buffered peptone
peptone water water
50 mL incubated Tryptone Bile X- T up to eight £ coll
BPW + 50 mL E. coli Glucuronide agar slilzz il
enrichment broth = :
) + Laboratory
Eosin methylene ) uptofour E cali Columbia blood s > workflow
e isolates taken agar 5% sheep
blood
MacConkey . _ g = \ N
agar NG z 7'.' Tryptic soy N S
s e agar P =
Tryptic soy h I i) | | H' |
agar AN ) ’ . g
\ 1 J U B 1 I 1 J
I L 1 | |
s \
c) DNA extraction ]{‘;{’ 1
Library
preparation Short read
>sequencing
workflow
Short read
sequencing
\_ J
e Overview of the | abor &t. oroyeltvieocrtkifd o wasn of oirs adlhaet iIAORE. onol et
tion and isolation from huBhancalhidecobepahrom boghfwerclktl o
read sequencing work (Created with BioRender

nz

com) .



2.4 Genome analysis

Genomic analyses wer e-Peerffoomaead eorCotmpealt Hi
cluster at the Norwich Biosciences | nsti:
QIBLOUD Virtual Machine dmAd g@alaaxyleéveb pl
Genomi c eanhaalty swer e consi stent across all
Chapter 2. Separate analyses unigue to e;
respecti vieheahdap taemral ysi s, scripts and cod
wi ghi ddmaamudi o, R., and d,e Bl domfiiral dar
Singh, D., TawrrdiSa \SvRK,.K akhadt her , A. E.

2.4.1 Quality control and assembly

Paired raw read adapter sequences were t|
the LEADI NG: 3 TRAI LI NG: 3 SLI DI NGWI NDOW: 4.
(Bolegteral201Gepnomes were classified into g
Centrifug&ievw. ,JalDQ B&here tri mmed raw reads
against a Centrifuge bacterial genome r ef
2022

Tri mmed reads were assemilBadnkuwestii,adl BIPA) e
Assembly quality was ana( @wsreabvtiuchi2n0gin3aQUA S
by aligning the trimmed reads to t-he gen:
Wheel er ali gher amdO0Dunr barnnd, anad 9)si ng t he
coverage usi ng( lsitt ma i@ 6an&d) vblc.f%t ool s Vv( LBi8 by
al . 2008sembly quality was dHhecedtesda b1l 8)h
whereby assemblies with >50 -idupllatced ea nmd |

seqguenced.

The average nucleotide identities ofE.the
CoK-12 substr(BIMGEAEEHDRS®HIL A Ge)nbank Accession
GCA_000005845.2) wus(ihesitrs a®tOANBl)ge hb mad 2

passed quality contniél 7i f Mbpbeynwéeagtdhi4g |
GC content beSdwetethe Mk 62202 aNnd had a meal

depth of their four | argest contigs abovi

nT



2. 4E.2 phlyil ogamdppquence typing

E. gehbme assemblies were classified int.
v. 20(.Be3glreai,ml201&nd into sequence types (.
(Seemannwi PAR2 hpa bMLST seven @g&eaemamcie m20
Uncl assified STs were further characteri:
uni que ¢ o mbaadkat ifounnsC,ofgyr BandegA omdhespur
provided by the MLST output.

2. 4AN3t i mi crobi al resi stance deter minants

The presence of AMR genes, plasmid repl i
determined usi ngHA&Rit BaARRZ &l Z2)hl 4d.ed ault sett
tri mmed reads. ARI BA was u(sBeodr taotlgaa ai2deg t
Pl asmi d(FCanrdeetrt ol i and Hasm&KDB2Q2O0)Y ul ence
dat abaséeéTfhebral20lag)abases that were downl
(FigureP®»i2d)Y mutations associated with A
Poi nt HiZrmohekra, al1201 AMR genes and point mut a

collectively termed AMR determinants.

The AMR determinants present were categol
and priority according to the Wuorlldd Heead It1
Organi zat.i oyt 2002veemust adceg( MDR) i n thi
classified as the presence of AMR genes
to three or more different antimicrobial
clas¢Wbrésd Health Organigtatalda®@22p019, Ca:

E. teblates were characterised as extrail
if two or more of the following virulenc:
papAH, papC, sfal/fozmdkEps Midlah testa Ba02,0 0i 3u)t A,

ny



Paired raw read
sequences

Trimmed reads

Trimmomatic v.0.33

v v

8 Species check Assembly
=
C I
8 ( FastANIv.1.32 ) (_Centrifugev.1.0.3 ) ( SPAdesv.3.1.1 )
>
=
© Assembly quality control
3 | ,
+ 3 Y
Duplicated genes Mean read depth
CheckM v.1.0.11 Burrows-Wheeler
aligner v.4.6.3
SAMtools v.1.9
beftools v.18
 am—
e “\
o Assembly
k=
o SPAdes v.3.1.1
=
S v v
O Phylogroups Multilocus Sequence Types
L
(" Clermontyping v.20.03 ) ( MLST v.2.19.0 )
L J U J
s
B o
€ o
© % Paired raw read
£ o sequences
E o |
El_) (8]
= >
o D Trimmed reads
g = (_ Trimmomatic v.0.33 )
o0 >
c
G 2 v v v
h ©
= AMR determinants Plasmid replicons Virulence genes
8 8 1 = 1 1
— = ( ARIBA v.2.14.6 )
S a
12y () e
9 - ( Resfinder ) ( PlasmidFinder ) ( VFDB core ) e
o - —
o= E downloaded
EG
=
< Q
i . J

Fi gW®RrR2e Summary wor khbwodeadfqutemee quality
processes, typing and identification of
determinants, plasmid replicons and vir
tools and the dates when databases were

no



2.5 Data analysis, statistical analysi s,

All statistical analyses and visualisati
2021.09.1, and subsequent wupdated versi ol
packages used are sAhtedtahieachschapt g5
Astorga, G. wiZbmgdidan®e, faoc de Ol i vei
Bl oomf i eSidn,ghS. JD.,, TiawmurdiiSa \SVRK,., akhadt her , A.

P M



Chapt €omdari byl ofenomi
approaches opiul ati ons |

from retail f oods

Chapter conDesbgnhiohsthe food survey and

done by Mather, A.E., Janecko, N. , Bl oo mf
food samples, as well as gr oWt hweldetdeane
by Bloomfield S.J., and Pal au, R. EComppdrili
from retail foods in Norfolk, United Kin

Astorga, G. and de Oliveira Martins, L; |

de Oliveira Martins, L. and Zamudi o, R;

G. and edea aOIMawr tins, L; Astorga, G., Math
Zamudi o, R., and de Oliveira Martins, L.
Publicahis®enchapter is in preparation for

under the working title fAComparksscohne roifc hpil
coilsol ated from retail foodso
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31l ntroducti on

As described in chapter 1, phyl ogenetics
research of the evolutionary history and
organi sms. The main goal of phyl ogeneti c:
evolutionaWardi at2®drlyhi s can be done by c
physiologic@émplkat ane sdcSrt eced mp a&2r0i0s3gn of a
genes in the group of organisms, for i nsi

phyl ogenetics which compares the whol e g

when inferring the evolutionabyahthbhtory.
phyl ogenetics that expands traditional p |
di ffering evolutionary mechanisms and | al
( Rodr Egped et a and Philippe, 2009)

E. waebiinitially thought( TtemabdVyeol2® 1®ludn al

whol e genome sequé&ncitod brasa glaoawn i cally
t hat can rearrange genetic material throl
genetic material from other microorgani s

(Guttman and DykfiAhiezemtel®94yecombinatio
hi gher than the rate of mH:t agelbbomen wihki ¢ K
make it difficult for (Afeatasanlyd0@dh)e phyl
Additionally, horizont aB. gemkewrtamme fard iC
1998)and has beemnekdewr with inferring tfF
bet ween (ByKhuiesen and Green, 1991)

Phyl ogenomic approaches are required to
of the evolutionary relatiokEshkcps$ibetwee)
Phyl ogenomic approaches have surpassed t|
previ ousst anwoirnkg t hat they have( Steecenentey &lh.e
202.3)However, there are many phyl ogenomic
no standard on which approach to take. E:

di fferent ways and makes different assum

32Phyl ogenomic met hods

I n this chapter, five approaches were i n\

sequemasxsed phyl ogenomic approachbdasandd wh

-
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approache8l)  Filgturies currently not <c¢cl ear I
against the same dataset and whether the]

i nferrimb.g evihbkicthrom a specific source.

E. coli Food survey

‘ E. coli Food survey genomes |

/\

Whole genome feature-based Sequence-based
phylogenomic methods phylogenomic methods
K-mer Gene presence Core gene alignment/
alignment free and absence Supermatrix

'H EF \ *»/Ijr1
o
EEE llll} ,.EFL_HF

[ [ [ [ |
Genome MASH sketches EEEEE A B C
P mEE

HE [ [ [ [ |
I -

Local L] [ ] [ ]

alignment
a8

& B

Fi gwBrle Overview of the five phylogenomic
adapted from Del 6Del eticalR0O0ONOO=®) genome

feathuaseed phyl ogenomic methods are split
absence approambr ahdgnmenk free (@@mpdomwac
et ,al2.0ained) Phy I(oKnlioutnz I and Ha uSheogl utteansczed 2 0 )

phyl ogenomi c met hodsCoarree gsepnl e t&luimgt mometnhtref X
and Supertree approaches.

3221 Whole genbmsefde atppr®aches

I n this chapter, ‘“Wwhekd gepomacheatare de]
approaches that wutilise the whole genome
or nucl eoti de sequmeeircse)s taa ilnrefnegrt ht hoek 6g € rke

bet ween genomes.

The gene presence/ absence approach uses
genomes wi || share more genes. Orthol ogs

which have then evolved through spe€&iati

PO



codne not necessarily conserved, a-nd thi s
conserved genes is termed the pangenome.
approach uses the presence and absence of
(POGs) to infer the ngegneentonee ss.i A |bairniatryy b
presence/ absence matrix i1 s made using thi
the genomeasgmryal2015)

Al i gnfimeeme approanecehess whe chh are short nucl
fixed | ength 6kbé. These approaches are ali
rearrangement and ZlietlemZza|lrad2k@ hEh ét ewar e s ¢
alignment free methods for genome (C®Mmpar i
and Kim, &2Wernagge | ongmes(sUldammayR O 6 haos

thetbaged sequence (rAd pnegtdeania (G A)och it er at e (
(Al meida, TB@%8)tools use variation betwe

and are converted into distance matrices

Both the gene presence/ absence method an:i
calcul ate the genetic similarity between
There are different methods to construct
i ncludi ngbapde dhnoadkdi taynd cl ustering algorit
based met hods compare different tree top:
seems to be the best -fSquar eax comr dti meg rmion it n
criteria. There are alabgoommbmsy Usé&e ¢
joining method or the unweighted pair gr
(UPGMA) <clustering method which assume a
all sequences wer e s a(mpanegd .a2t0 1tdh)e s ame t |

32. 2 Seqweasee phyl ogenomic approaches

Sequelmaseed phyl ogenomic approaches, as de
aligned homologous sections of the genomi
genome sequences. A common phylogenomic ¢

rel ati onshE.p gbeehntowreeesnc o s et e ne agplpirgprmament Tt
core gene ayplpirppmmenntcompares homol ogous si

seqguence alignments. However, there are |
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Supertree approaches are more reliable wl
horizontal @Qlagiedammadflelr)

33Aims and Objectives

These phyl ogenomic methods differ by the
tree, the amount of time taken to produc:
evolutionary relationship between isol at
approach,r efnitv ep hdyilfofgeenomi ¢ met hods were e
E. gehobmes isolated from different food |
popul ation structures and tree topol ogi e
was to identify which phylogenomic appr o;
that would be tfhnhe hestcrsbithg the popul at

could then be applied to further anal yse:

The hypothesis for this chapter w@aRoarmyut
core gene alignment), gene presencCMAaHX,
al i gnfnrreemg ( Phyl oni um) anpgr Gu)pewitirleeg & ASIT&
tree topologies and provide diffé&rewcbol i n:

within this datasetods popul ati on.

The hypothesis will be explored by addre:
Nb wil lcotrlee gene, abQegemenesence and abs:
alignment free approaches and the Su

popul ation structures?

=Z=b Do the different approaches create d
same popul ation dataset?

Ob Determine which approach would be th
typeB. odoki present from different so
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34Materials and met hods

34.1 Dat &setwddofil e genome sequences

The collection, quality contr &l awsé&dphwnl
this chapter is described in chapter 2 o0
diver &§itpobfetail foods iIs described in

this chapt ek. ccoonlsliescttsedoffrom a food surve
Kingdom described ien . (cdaredlga ROBRMBYde be

i solated from five food sources (chi.cken,
E. wabicultured from chilled, frozen whol
prrrackaged | eafy greens and packaged whol
pork muscle cuts, chilled or frozen (whol
sal mon fild.etWp otro sfteerark col oni es (hereaft
selected from an individuéel fcoedd asgemspliea.c
those from chicken (n = 175), |l eafy greei
129) and sal(nmoarbl(en Bad4d0) sol ate from t he

treated as an independent organi sm.

TabB8k Total nEumbge@inimmes i n each samp

survey dataset, separated by food co
1 2 3 4 Tot a
. genomgenomcgenomigenomc numbe
Commodi _ _ _ _
I n a i n a I n a I n a of
sampl sampl sampl sampl genom
Chi ck 9 1 8 35 175
Leaf
11 2 7 13 8 8
green
Por k 6 2 6 14 8 3
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TabB8k Total nEumbee@inimmes i n each samp

survey dataset, separated by food co

1 2 3 4 Tot a

. genomgenomcgenomigenomc numbe

Commodi _ _ _ _

I n a i n a I n a I n a of

sampl sampl sampl sampl genom

Prawr 17 41 2 6 129
Sal mo 5 5 3 4 40

As cryptiE. camaHdiebknown to produced el ongat
phyl ogenies, any classified cryptic cl ad:
anal yses. One cryptic cl avdaes evmacsv @d efsre;rh ti
phyl ogenetic analysEs. cédbbkatemawnrregahbab:
five different phyl og3&netic approaches (|

PY



Illumina FASTQ PE reads

Read trimming
Trimmomatic v. 0.33

Assembly
SPAdes v. 3.11

Annotation
Prokkav. 1.13.3

) e

Pangenome analysis
Roaryv. 3.12.0

Cove gehe Supertree "
alignment Gene presence Roary v. 3.12.0 Alignment free Alignment free
Supermatrix /absence tree IQ-TREE v. 1.6.1,0 tree tree
tree Roary v. 3.12.0 Phyloniumv. 1.6 MASH v. 1.2.0

14,
Roaryv. 3.12.0 pstal. 152

/ }

Neighbour joining tree ] [ Neighbour joining tree ]

tree

IQ-TREE v. 1.6.10 rapidNJ v.2.3.2 MASHtree v. 1.2.0

{ Maximum likelihood ]

Fi gwBRe Bioinformatic workflows of the fiwv
approaches used in this chapter.

34. 2 Gene presence and absence

A gene presence and absenddeatgeea RWAKATm)Ig R
created -avc d h-9 5 @ 32 100&d00parameter €. omoth
i sol at es. Roary creates a binarThemdarcicar
coefficient was used to calcul ate the val
absent genes between genomes. The resul ti
by the UPGMA algorithm to create a dendr ¢
usimagpi W.NJ.(BidnmoersenlOM&)h-it wd-x options (F
3. B.
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B) Eeent (2 (24 Eoans (X
ene1 Genel Geneld Gened Gene5 Gened

- AN
-AEEEE
o | | [ ]
d | [ || [
- 1NN NN

i 100 100 100 100 0
. Present

i 0167 0
1 0333 050 0

= 0.667 0.600 0.500 0

FigwBBe A simplified workflow showing how
from the presence and absence of genes. |
matrix of genes, (B) the distance matri x.

34. 3 Al i gmmentapproaches

Zi el eetnak2019) comp arferde e7 4a papl ri ogancnineenst a n d
that MASH was one of the best performing
Phyl oni um was ti ed -pfhiyrlsotg -wint hhrdelasié guand e c ¢
(Zi el ezi,rad2kOi1l Phyl oni um was found to be th
OMfE. datasets. Therefore, MASH and Phyl on
approaches to take forward for compari sol

MASH v(.Q@ndeotv, al2 0els&)i mates the evolutionary
Mi nHash al gormerhsm itnot o usrrmalkl er i denti fiab
sorted and a subset of the top hashes ar
are sorted by size a&ndadhtlslea(ssiimend )| essrt e hasmhp
bet ween iIsolates using the Jaccard index
(Kadtz,alRO1MASH v2.0 then create@4pn. di st art
Genetic distanceE. bgolwemestwer &8186al cul at e

par ameter s. Genetic distances are record:i
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used to create a tree using a neighbour |
( Kadtz,alROMi d)himti medept h O parameter.

“Sketch”

Hashed K-mers

(alcfelalr|r]a|c|e]q]

K-mer presence

Collection of genome sketches
K-mer true

a a a o

A)  [clelalT]
l[a]T]7]

Genome MASH sketches

B) S B

—
A 4

FigwBde A simplified workf({ Owdeoto, 2IB0LMat e

di stances between genomes and create a pl
Genomes are -mmpltstatnaoskt | ength specifi
transformed into hashes, sorted andmetrhen
presence and absencfoi saudieslt asce nmpatri x,
turned into a dendrografqousimg tahe@oa indim
MASHt ( &adtz ,al2.019)

Phyl oni UmrKlw.t1z.16 and kdHatbelrd, f20M0MASH as
selects a reference genome from timerdat a:
and uses these equidistant anchors to fi
The SNPs are counted in these homel bhgeus
evolutionary r e3b59t. i dPrhsyHiomi(ufm guurle 6 was u
di stances betEtEwegmwmhtomes5L5ing default par
created a distance matrix in PHYLIP for m:
using rapi(dNJmoe e 8220 & )h-i t wed-x opti ons.
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Anchor

Local Local
alignment alignment

AATCGCGATCTTCACCCGAAATTCGC
AATCGCGCGATTCACCGCAAATTCGC

o

SNPs SNPs

B)

v

C)

v

FigwBbhe A simplified explanation of Phyl on
seqguences are used as inputs, where homol
by finding engeurisditsetranémeted kianchor so. B) SNP
these regions. C) A distanbte R&Priregi ®ne:
used to create a phylogenomic tree (Creal

M
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34. £Lore gene alignment

Pangenome analysis was performed using th

Roary v(Bade, &2 ulsSG)nga-¢ ¢hed5 P00 32 100800
parameters Ean ctethd aG %, without the crypt
defined as 90% sequence identity similar.]
These genes were then aligned to3@)yeatlTlke
whol e core gene alignment walsi leleidhd ®»d c o1
phyl ogenetic tree under a Hasegawa, Ki shi
with the Gamma rate het-ERBEBenmelt §.-Mmodwi t |
HKY+6t AUTO parameters
E. coli A
£ coli® All genes present in each
E. coliC genome
E. coliD
E coliA Genes present above a
. certam number of genomes
E. coliB (i.e. 95% of dataset) are
E colic aligned and concatenated
E. coliD
E.CDJ’iA“AGTTGACTTCTCAGGTAT;
E. coli B A G /G T A A C T /T € A|G A T G A A A T Supermatrix, where
homologous sites
E coliC A G 6 T "€ A € - - G A C A|G G €C A T T arecompared
E. coliD A G 6 T € A €C - - 6 AJ|C A G 6 |C A - T
FigwBle A simplified de(sRagetptaldowlh®)r eRgamye s
present in 95% of bacteri al i sol ates are
to create a core gene alignment. Homol og:t
compared to infEeCraapdgl|l wigemyBi oRender . cc
34.5 Supertree
Roary v(Bade, dR2xlrx)ated intermediate alig
annotated gene segupacametusirngThhe incl uct

20



homol ogous genes (genes that arise from :
(genes that arise from gene duplication) .
create an i ndi-lviikdeulailh oroadx i gmeunnel RtErEe e/ . dy 6u 4li(
( Ngugénalovg)h-mt HEY-AG AUTO parameters. Ge

selected for use iIif they had at | east f ol

Gene tree statistics (i .e. edge |l ength, |
Astatso opti on( Lienmog onter eaen dv. Da MSIER, v2 Q2 B)
used to I mpl efremtv ASH . IRMetl, al202 B85 TTRAd was
used to infer a species tree from gene t|

paral ogs.

34. 6 Tree visualisation

All trees were VvisURBRI|I Cesed Tesiamm,gR SROWRiYo. 1v..:
2021. ORStludi o Teamhg20he) ggfu,ee20&B. &..5 . !
(Paradis and ,Sogphlyiteooph( R2wE2 W), 0 a21a@1 Y)gnews c a
v.O.(Ladmpi tephickage22)

34. 7 Determining the standard approach fo

The most commonly used phyl ofenpompicl apipo
was investigated on PubMed. The term Aph
term for the branch of research of the e\
relationships among a group of organi sms.
07/ 08/ 2023)Esdhter itperAsD qOoWhol e genome) AN
AND (phyl ogenetic) AND (population) were
for studies published from 2020 onwards.
software was chosen to be thetbéemandppdoaj
woul d be comppeadi Xxo 1)

34.8 Topol ogy comparisons

Bayesian analysis of population structur
( To nHkiidrtl , al201 8 ,etChaelh@laxs) per formed on the
alignment output from Roary wusing the ma:
TRUE, assignment. probs = TRUE, n. cores=
calcul ated from the numbETo reffiidilsalR®&t189 di

2 I



The output produces two | evels of popul a
To evaluate how oweel Igetnhee BaAlRiSgentrha2rstt er s ma g
the different phyl ogenies, the silhouett

cal cul ated for each tree.

TheU3pper quartile and median sil houette

The RobHFonwslodns di stance (RF distance) eval

branches between two trees, which all ows
di stance is found by calculating the numl
two trees Xiared Trmree 2) (Figure 3.7A). Th
internal edge is removed, <creating separ:

defined by Steel( QtnadelPeaamd) BEadmBgblagdn a
Foul ds ((Rlo%8 In)son and,aFso utlhdes ,n uln®b8elr) of par t
uni que to the first tree (Tree 1) and t he
tree (Tree 2) (Figure 3.7C), divided by .

2 P



A) Tree 1 Tree 2

o > AB|CDE < D

C) Common Only in Tree 1 Only in Tree 2

AB | CDE ABC | DE ABE | CD

FigwBi7e (A) Shows an example of two differ

| abel-EefioA reference. (B) Indication of
internal edge is removed, creating separ:
summary of the c¢ompoanrsi shoent wefe np arhtei tt r ee s,
partition is unique to each tree. The sul
to the first tree and unigue to the secol
RobinBounl ds di stance.

As the Supertree and the other phyl ogenoi

the branch | engths were made comparabl e |

22



The trees were normalised so that the sul
do this, thes edgeel engitthed(by the 8S®m of
(Didel ot and. Wil son, 2015)

For exampdre ¢ére ealgiegrdmerrgit hs correspond
changes over ti me, whil st the branch | en
ASTR&RIt o for both internal and terminal b

gene trees are in substitentgitchrss fpar tsiet e
are measured i n(£Dbaehtg,sad2en2t0 ,8 hd,haanyl Sp me

metrics to determine similarity between |
| engths more heavily than others. This wi

to evaluate them as extremely different,

smilar but in a different scale. Therefor

that their proportional |l engths could be
Normalised branch leng Eql

The weighteldoRlodbs ndiont ance (WRF) is an e»

as defined by Robing®RobamdohRoainds FOu® dsg)
WRF distance takes the RF distance (the |
branch |l engths into account, where brancl
mut ations between sequences It connects.

the modul us loéngthles bofanahl the matching i
n

mi us the matching partitions for the se:
uni que for a tree, the m(KReosbngsbnaanod Fei
197.9)

The KuFenlessenstein measure (KF distance),
di stance, focuses on the branch | engths
calculating the Euclidean distance. This
the differenmesh Hetkgaldmse brand Fel sensteir

The topol ogy udfi Itirseedt riemgpd iica tly by c-onsi
existent splits as 0, as with the wWRF di :

2T



computed by taking al/l possi bl e (Krudamehes
and Fel senst &iarh pP@94) tion in the first

associated branch |l ength. The difference
for each matching partition. I n the eveni
the differenche ibsyr amecthwdem gt h and 0. The

calcul ated and squared, which is then sqg
(Kuhner and Fel senstein, 1994)

2Y



35Resul t s

When t he crwapst iecx cdluaddeed , h #E0. m paanhagleynsoinse f o f
516B. dat aset con>s2dsetneed8%0 (7TN4®) 2919 whi ch we

genes present in at | ea3dBt) .9 Wbenf tdhesomeyg
alignment was compared H.o #-dhPei sruebfsetrre.n cMG 1
the core gene alignment |l ength (2,748, 25

genome | ength (4,641,652 bp) (32) (Genbal
GCA_000005845. 2).

cloud genes shell genes soft core genes
(=15% of (15% - 95% of (95% - 99% of
genomes) genomes) genomes)

core genes
(299% of genomes)

35,594 2,336 93 2,898

FigwBBe The number of cor e9 9% noefs t(hper edsaetnats
core gen®9 % D3 %t he dat aset Y95 % hoefl |t hgee ndeast
and cloud lddmed (( he datbEs e tg)elnionmetsh ea nSall y s
in this study usi{(PggBRBRagai2y01\k.)3.12. 0

35. 1 Supertree statistics

|l REE took 37 days to complete all trees
species tree-Pursoi.ngrhAeSTsRWAML of t he branch |
copy andopghwlgdene trees Edemgienh®dnefsr avint il &t
four tips were used to create the Supert.
were found to have aiR2&idi@e (omediiams =bdadwe

2P



of t
1. 17

he 1l og transformed sumbb82n8h (madt a
) B8BF) gure

Log of the sum of branch lengths
N o

A

— oo ToaQ T
® =~ 35 " Q0D

35. 2
The

and
i nve

pl as

tree.

used

appr

5000 10000 15000 20000

Gene trees

t showing th of the st
0 S

0 g
h at | east f I p B.r ocno Itil
e Y axis and 10,178 genc:
S represents the amount of
where more evolutionary i

s andr tvheelruwed ofrcer at hhe gshueem of

Selection of the standard approach f

research strategy for the most commo.
met hods identified 54 studies. Of whi
stigated or gcanicothwoowbeer thanews, t wi
mids ratEhepopbbattbaea, and one did noi
Out of the 41 usable studies from I
approach and softwarecwne Ygberecal gl

oach using RoaAppegmdiz=x 15 studies) (

TM



35. 3 Comparison of phyl ogenomic approache

Phyl ogroup analysis revealed that phyl ogr

n = 183) were the predominant phyl ogroup:
(5.6%, n = 29), B2 (5.4%, n = 28) E (4.5
16) and F= (125)9%yerne all found En tobwgr pr

survey dataset.

From visual icms ge gteine@ nneeltthlgppedme gte ne pr es en
absence method, MASH met hod, Phyl onium mi
all found to cluster genomes in the phyl
ECOR coll ecB8iOn. (Figure
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factor(Rhierbaps_level_1)

A) Core gene alignment tree



B) Gene presence and absence tree
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C) Phylonium tree
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factor(Rhierbaps_level_1)
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D) MASH tree
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FigwBrnl® Phyl ogenetic treé&s wgemioaneentfirrogn §
di fferent food types, clustered into 11 |
core gene aA)ommengtne &bl eBgmeneentpr esence ¢
absenceC)ategnme®hyl oedeeurm ved)alriegegnment fr
MASH eri ved EjJSag@eandee. Phyl ogenetic dist
resulting phyl ogenies are given by the s
number of nucl eotide substitutions per si
presence and absence tree scal enkar repr.
di fferences between organi sms The Super
coalescent wunits.

Rhier BAPS used the core gEnegahdmesneinnnt &
popul ation clusters termed fil evel l10. Di f
visually ol®oervgaeneTtlméeiegmvmaesntcompar ed wi't
presence and absence tree. There was a di
absence treEB. wheblkat aa9-0RQBE3XL18Brnds E-C1 81B)R
were moved into differenBAPSytbgsbeps7 Wi
pl aced away f r eBw PpSh ycllougsrtoeurp 5G i n t he gene
absence tr ee ccoonrpeargeedn e pbaleibgen mantwas al so
phyl ogBAPB Al uster 2 was distributed acr

spread across BAPS cl3add4d)er 11 and 3 (Fi gl

Theore gene taleiegnvaesntal so compared with t
EBAPS cluster 8 was mov-BAPS8ectusbephyl ogi
tree. The topology of the tree indicates
and MASH tree cannotngethtorclezdes dfy trloe
311) .
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Gene presence and absence
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Supermatrix tree MASH tree

BAPs cluster
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FigwBrnda Visual comparison of topol acgirecalgedieftfadaiegmeneght btelt evegein & hper e
absence tree and MASH Eregemopressdmtoimng he#l5 ood survey dataset. B
as nodes on the end of the branch tips, and phylogroups are indi
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To quantify the differences of the BAPS

|l evel 2 BAPS clusters were ordered to mai
tree. Silhouette scores of the BAPS cl usi
calculma'é®dp.pelr quantile was used to descr
silhouette width scores for each phyl oge:]
to describe 50% of the silhouette scores
BAPs popul ation clusibées Wweréehmha ebteaddiegdi
(BUpper quartile = 0.909; median silhouet
upper quartile = 0.853; median si'lUhpopueert t
guartile = 0.816; medi angusr3d 2n,o0 utead)htlee s3c or

TO



0.5

Silhouette width

0.0

-0.5

Supermatrix Phylonium Supertree MASH Gene Presence/Absence

Phylogenomic method

Figwne Comparison of silhouette scores to evaluate the measure o
clustering across the different phyl ogenomic met hods.
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Tab82 Th®uantile and median of the ¢
t he -ccfuft for the top 25% and 50% of t
each phyl ogenomic approach.

Phyl ogeno 3Quantile o Median sil
approach sil houette wi width (N¢
Core gene a 0.909 0.690 0078
Phyl oniu 0.853 0.627 00673
Supertre 0.816 0.574 00631
MASH 0. 644 0.391 0048

Gene prese
0. 488 0.277 0032
absence

35 4 Comparison of topologies

The RobHonwslodns di stances (RF) between tree

the topol ogicalcodief gemenadeseg mieatt he Phyl

were found to have the | owest RF distanc:i
core gene taleiegmamantPhyl oni um tree were th
presence and absence tree and the Supert.
RF distance), indicating that the gene pi
were the most dissimilar.,

The Supertree method was the most differ
compared to the octohreer gneenteh pduysil. prgmerryt had t
| owest average RF value compared to all/l 1
313A) .

The weightedoRlodbs n6WRF) di ssFalncenatnai Kuhk
di stance (branch score) were used to tak:

the wWRF and the KF value/ branch score col

Y N



| engths. The Phylcomieumn etnreepehlyalmggmdeinmg had t
|l owest wRF value (0.331 wRF valwue). The !
hi ghest differences for wWRF val ue3lcloBnp.ar ¢
The KF distance showed similar trends to
t h®@or e gene palyil pgmearyt had t he | owest KF/ b
KF/ branch score value). The Supertree mel
di fferences for wWRF value Ecomg@B@ad®@€yd .t o t h

<
Il



A) Comparison of RF values
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B) Comparison of wRF
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Phylonium
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Gene presence
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Comparison of KF values
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Phylonium
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KF value
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0.050
0.025
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-FB)u | desi  WtReFd RId bsit msnacre
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To summari serasphéesfeivieuphyl ogenomic appr

compared to evaluate whether more than |

anal ysis; whether phylogroups clustered
core gene alignment derived BeAP Sancd utsot eerv:
the similarity 303 tapbl mgt @bl Tea bgleenet atl h
met hod utilised genes other than those di

clusttédmagority of the phylogroups on the
silhouette score (NS&Ene wasnd i(@dhiéPOmdemto r |
0.6@4726)) and Phyl onium-Q.rée7%e8&) )(.0.TohRer a pSH
with the | owest medcane Rfewnall@©i2g s nvtah el
Phyl onium (302 RF value) trees. The appr ¢

KF value was the Phylonium approach (wRF

Y I



Tab8x Comparison of phyl ogenomi

c

met hods

Accessory Phylogr gapel usneedi M
i ean v
MethoAllgnl nel udad clust el SilhouetteMean Mean |
met ho anal vsis togethe N val u val u: val ue
Y the tr (NSE)
0.391
MASH Al i gn
Yes Yes (0.347 306 0.60 0.032
MASHtr free
0.464)
0.627
PhonrA|ign
Yes Yes (0.5b550 302 0.55¢ 0.030
+ rapl free
0. 678)

Y P



TabB83® Comparison of

phyl ogenomic

met hods

Phyl ogr .
[ ni clust el : ean ean
Met ho J Incl udad silhouette
met ho | . togethe valu g1y« Vvalue
ana sSi s N
Y the tr (NSE)
Gene
prese 0.277
and Al i gn
Yes Yes (0.243 376 0.79¢* 0.040
absen free
matri 0.333)
rapi d
Super
Gene 0.574
(Roar tree
) Yes Yes (0.511 382 0.914 0. 053
| Qtr e al i agn
qguart 0.630)
Ast-Pat

Y 2



TabB833® Comparison of phyl ogenomic met hods

Al i gni clustesl : Me an ean VvV Mean |
Met ho J Incl udad silhouette
met ho . togethe N valu g1y« Vvalue
anal ysis the tr ( NSE)
0.690
core
_ Cor e
al i gni - N o Yes (0.644 292 0.62t 0.034
align

L Qt e 0.726)
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36Di scussion

This study hypothesised that tQ@oea edigfefneer e
alignme&ethe presence and absence, MASWH,d P
produce different pEop utloabtm otnh es tsrauntet udraetsa st
aim of this chapter was to determine whi

and apply to future chapters. Each phyl o

eval uatB.ngpotphuel ati on structure. No biolog
answered in this chapter, but the use of
justified depending on the biological qu:

The trees constructed from these phyl ogel

repeating phyl ogroup and topological str.i
the approach. All methods correctly cl ust
same phylogtrheps dwggesting a | evel of cr

for determining the pEopucloattihoins sdtartuacsteutr.e

way these approaches use the same genomi

small er changes in tree topology and in |
example, there may be evidencgené teapmbi
occurring in this dataset, as evident by
tree. Alternatively, this may just be due
software failing to interpret the dRahias
el ongation of the branches did not affecHt
does affect the inferred evolutionary hi:

361 The Phylonium tree and ddree Sguepreea t r ee
alignBARS clusters better than the MASH |

absence tree.

The sil houette scores werceoroeb tgaeinnee BRAIRI Sgonnm
clusters onto the trees created from the
how well the tree described the BAPS cl u:
di fferences in how the populations were

met hod wasmidetl to be the most popular r e

YY



E
t h
al
ap
IS
al
Ph

o ¥ T O »n O ®» o >
- — — >

O T =TT =T ¢C

—

— 3 I © U Uo o
> O o o - o o —

~
> O

ar

al i

ap
cCo

ap

popul ations. Therefore, it was used a:

er
i g
pr

S
|

y |

al
us
SO
de
pe
an
y |
pr
wn

e

n

(0]

u

nw O O «

©c O @ @

e

a

fore unsurprising that, as the BAPS
ment that i s used as ciomputgefner atl h @ ni
ach would have the highest sil houet:
rpri ciomg@g tgleate aghper pramennti s not techni
he others, as the standard error f ol

nium tree oveel gppeddiwiegehmeéenhe

sis revealed that the Phylonium tre:i
ers better than the MASH tree and G
coincides with the differences in t|

by whihc.h Tthhee yp hbyrl aongcr oaurpe og elree  4d lni g rh

—+

ree, and Phylonium trees are the s
ed positions in the Gene presence al
groups D and E changeThpiossiitn doincsa tiens |
ach used can change how the evoluti

tream.

evident that inference of phyl ogene
r. While the Phylonium and Supertrec
spondemroe ewigteim et BadPiSg rcrheurstt er s and ph
nium approach described the BAPS cl |
nium and Supertree approaches may p|
gene ayplpirgpmmenntas they have the highe
er, this does téalyc awmeetdenasasluimgpremen

appropriate approach to use as the

y study and in this dataset, the tr
I'sS because tEhe ocoolntthaemifnoaotdi,o nt hoef gr o w
vol uk. ometod neéveer observed or measur

|l ack of studies investigabreggehaeat

nbmeesnédpr oac hes -baSsuepde ratprpereo a ¢ kbeass,e dor f

(0]

(0]

aches -f(raelei gannnde ngtene presence and abs
gene aplpirgppraménti s t he most commonly u
ach forE.i nywefsili ggtait 0 mAgm e e rdpii Xt shte(r e
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have also been studies usi nEg. adatgmanetng f |
(Abreatm al202 1, £it e lad2z0i 1nAspkdii t i onal ly, the g
absence approach has been used tE&.exmwllar
usually in tandem with an(Halelrh aRi®ORIlo g &Mad i
et ,alR02The supertree has bee(nSkuspepd nignt opnr
Ragan, 20é2,akRhPad®ut is not as commonpl ac

approaches.

36. 2 Horizont al gene transfer may explain

babi been i dentified to have an open p:
néPecano and Dowhnnghi 80d8) aset, 92. 9%
rromserved genes in the pangenome, som
rizont al gene transfer. There has been
rizontal gene transfer Ctathi obsbupebeéethw
omets .has been previpbhyglpgaengtued tbhnatt
t ween prokaryotes cannot be truly deci |
e tdDooflentt| elowe989) ot her studies co
re is a strong phylogenetic signal i n

-~ ~+~ QO T Qe T S 9 Q m
-~ > ® ® ® O O »u o -
w @ ® S S

Qo

nsfer. For example, high | evels of hoi

O

rved Eramdpdaritnt o affect ther draemcd | e
ntnren@&o u cehto,na 20 0 I d ueth.ofad r t h egt haartg uteh e

=

zontal gene transfer occurs in certali

s T o O

> O
(@)

h does not interfere gr.eatly with thi

=y
)

phyl ogroups remained relatively simi/l

ersion across the tree. Similarly, tl

o o H
%)

i stent pattern across methods and cl

S . Theoama

- O
® >
® »W T

nt abf gkne transfer in thi

®©® ©

rizont al gen transfer is |ikely to0o ha?

nserved gene Nonet hel ess, regardl ess

S
asive in thidcd rdatt agred atolry naftf,edtt tdhe

T T O o

2} o ® O o
-
<

pul ation structure found by alEl. metihod:

ol ates across the tree did differ accol
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tributed to horizont al gene transfer. /
nstruction algorithms and evolutionary
factor that | eads to differences acros:

e placetkbetceod!| ates on the tree.

3 Different tree inference approaches

mi |l ar phyl ogeni es.

e five phylogenomic approaches used t wi
ftware. The wh obaes egde naoprper of aecaht eusr ea | | pro
trix which were used-jasninguyts momesrea n
2008et Kml2gland thebsegdemitel ogenomi c ¢
th used the -lsiakmel imaxo diURBENgae &€n 4 1Q0 15)

ese tree inference approaches ar-e fund:
i ning approach is a hierarchical <cl ust:
eating two clusters, joining the clust
tal sulmerbg(thgsulgéenal201lbn contrast t-o thi
keli hood approach infers the tree topol
del s, which are probabilistic model s t|I
mol ogous sites, to calcul ate tcheentmost |

nnection bet WEehsenga.rilatmshlads8 lhheen ar gu
X1 mMuinkel i hood methods arebaseer metrhoads g
€ nekHgohbnoounrg approach assumes that the
me (Hdxregeadawall99Depspite the Phylonium t
i ghjpoiumi ng algorithm, it produced a tr e
t he npha xkienhciolmroeo dg e ne aglpirgorammennt Thi s sugg
ylonium is a good alternative approach,

st-hAmased approach.
4 The MASH approach and Gene presence
t be the most reliable for inferring t|

e MASH method provides a measure of si.|
rs of whole genomes and consequentl vy, (

d similarities between genetic content.
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t wo genomes within Phylogroup A cluster !

branches than the other methods. One expl
particular | ineages experiencelwavcere, etrhits
woul d also then be observed in the other

explained by an effect whereby MASH was |

regions, |l eading to increégdfReéskbitngiOLt0gnc
Additionally, 1t haMASkaesecdugpesitedt ¢ d aly
horizontal gteinlel t o faffeaufes raal haicgchur acy on si

(Ziel ezi,md2k0il 7)

Thegene presence and absence tree wild.l be
l i ke plasmids, and horizontal gene trans/
horizontal gene transfer and are al so noi
genomes to bmoreferftedrast and | ead to |

met hod provides an over vhasw boefe nt haer gouaendy el
better r eEs.olouattiborneaki strains by taking th
accoukKaeas ,al2012)

Thgene presence and absence®rmetglecme dds gmir
BAPS clusters the worst out of &l| tbhheé mi
come from the same BAPS cluster do not n
genes pHewewie¢hre, Gene presence and absence
phyl ogroup structuEe. ttdbbmsthedsameephyiyhal
similar enough gene content to cluster t
previous wohtek wyhét egroups display distin
families across the pangenorébtreatms&lg 02 ai
The Gene presence absence tree whketler t h
genomes come from the same ancestor. Thi :
at a pangenome | evel, but at the cost of

evolutionary relationship between genome:

©
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36 5 Compari £om eofgetntee al Sgpementee and Phy
met hods

Previous awogruke dhaashat the effect of horizo
affect core genes and infe¢ Bnoehbtrl2t0h0e2 ,e
Daubeitn,alRO0Bnd&Eeedabi been argued t o accuml
mutations through horizontal gene transf
(Waeétk ,al20ahd) it has al so been argued that
transfer, the signal of the infe&osuahidomphyl
al . 2009)

The Supertree considers the evolutionary
accessory genes. The Supertree takes hori
when inferring a speciedsitpsee anhRe 1232 00NO
singbpy and multiple copy giemghsat( meicki arn e:
genepresent in aarfnewhvigkmetlqyneashedgh HGE sum
of the branch | enetolpsy facoHdopu, @ esitmgls

the maxi mum amount obei nsedmédbrobheh&upe:
of t kter alnosgf or med sum br anch5 .18e2n.g8t2h s( nneedriea |

1.17) also shows that the average gene t |

information for inferring the final speci
The Supertree method is theoretically rol
gene transfk.r . .pdpielvatoiuesn studies have use

(Cheth ,al20In86dd) have also been found to reco
( Sk
phyl ogeny (Suplagralesmebdeopgllgued $Drong

ppington andalRlagiatnh, o2 0OBRg una tbtilaestre ds c a | ¢

signal in prokaryotes, dédpnteahdr.Bmraont al
The effects of horizewntral geeamretataiegdmsnfeat
Supertree approachamaverkee muesx pvlootikeeh a s
core gene aplpirpmmenti s | ess | i kely to reco
when HGT affects more (Whamhitabad Ol )t hwa g ea
found Iin the same paper sshathttaheedowhewrt:
45% of the genes underwent horizontal gel

®0



(Wil leita,am@d2 01T hi s is furphevieseuppBupeidinigyge
simulated data with more than minLanail e mrae

et ,alR014n real datasets, the true rates
to estimate, however in this dataset t hei
amount of the gewerse iqaithedidiad mmaelt gene t
meaning that the Supertree would |ikely I

Practicadrneg,geme meltihppdmamrst a straightfor w,

| es comput at iaonntlaal sltyeTchoertee ngseinvee aglpir gmmenn ta |
t o nderstand bootstr ap( Lvaaslitgu,easl2 &1hFdme t he

c
S
provides an estimate of nucleotide subst.i
u
ertree approach requires programming

Sup
steps, such as manual removal of certain
with I ess than four tips. The Supertree
geneed rferom tEthegseo®bdikhies. This would not |
in a disease outbreak scenario where a r
datasets with 1000 or more genomes. This
and sl ower than the othkbe makédondsnt whacab:«

chooswimmpproach for creating a phyl ogenomi

Phyl onium trees, on the other hand, are

n

equence alignmemet MmabmhesacPhil omeum de
seqguences termed Aanchorso between compal
number of nucl eotwelen ma msanadrcsh.e sPhyeltoni um
ARapproxi mate multiple sequence alignment
| arge as( Wlostszlbl &and HaTlhios dmeedrd®)badf th
genomeat extend pa9Dt9% ltatotfrfi catr e9 5% cl ude
Phyl oni um ihgonnoorleosg onuosn r egi ons and i s ther
against horizontal gene transfer. Additi c
the ti meebakemappoopach, howeveorethen&Supert
ali gnampemrtoaches had a greater number of i
final species tree than Phyl oni um. Phyl ol
Supertreccr eanglene aglpirgpmmeeta nedaseiver t o use
core gene nmeltihpmMdment

(OR



I n this chapter, Phyl oni um was oneEofcadlhi
popul ation in our dataset. To our knowl ec
showEthebi{l ogenetic groups. 't was there

software did reconstruct the same popul a

cl osest si miolreer igteyn et.a Atdidentmenhal Iy, the P
the | owest average RF, wRF and KF values
This indicates that, at |l east for this d:

creating the most si mi leatrh otdrse.e Pohuytl cofir @ nh
gene al mghmewnws maymosetasemthar phyl ogene
met hods are based on the overall shared
3.)3

37Concl usi on

This chapter aimed to address three ques:

1Wi |l ICaorhee gene ,alGequremegntesence and absenc:
alignment free approaches and the Supert

structures?

Al l approaches showed at | east some minol
clusters along the tips of -ftrlreee tarpgea .a cHhe

i ndicated the same popul ation structure .

t hirdsimoisltar to the other approaches. The
consistent, indicating that al/l met hods
phyl ogenetic groups, as defined bgopeevi
gene al BaARP®ewoi usters onto the other tree
were found to describe the clusters well
indicate that the order of the isotates
andherefore could affect the inference of
i solates in a popul ation.

2)Do the different approaches create diff

popul ation dataset ?

®P



As evident by the average RF, WwWRF and KF

topologies. This was also visually seen |
(FigBé eadhd). When these RF, wWRF and KF va
core gene taleiegnwmentt he most similar to al
ot her hand, the Supertree method was the

approaches.

3)ldentify and justify which approach wou
typeB. odoki present from different sources

The results from this chapter suggest t h:
phyl ogenetEc solgmapopt@l ati on. There was 1
i n phyl ogenetic reconstructi on coofr et hgee noet |
alignment, alppweweh t here are some advant e
approatdcderseiterate, this is not necessar:.i

popul acor @€hgsene agplpirgppramenntdoes not consi de

genes, meaning that information that may
on different sources is | ost. fTdre ionfherrr il
evolutionary processes |ike horizont al g
i ndicating how a species is more suited

woul d be best to optmdrog tahawretd odt ritihatt g6
into account when determining the phyl og:
(TaBl)&

The Supertree and Phyl oni um apprcocarceh egse nwe
al i gnmetntod according to the BAPS cluster
Phyl onium created the treere¢ haenevaaleiedprema
and had the added benefit of taking more
when constructing the tree. Additionally,
similar to all other methods, suggesting
for thepprbdbaehe3s.)3 Tabl e

Therefore, in the next chaptersg. Phogllioni i
popul ation datasetsEtopekpkoteinhheetwnpés:

humans.

(0D



Chapt &Mho4de genome seqg-uenrn
| sol ate approach Ef.orc oiln
di versity and contaminat

from Norfolk, United

Chatper ¢ ont rDedign of the foosl survey and sample collection was
done by Mather, A.E., Janecko, N., Bloomfield S.J., and Palau, R. Collection of the
food samples, as well as growth, detection and isolation of the E. coli were done
by Bloomfield S.J., and Palau, R. Data analysis, scripts and code were written by
Astorga, G. with help from Zamudio, R., and de Oliveira Martins, L. Astorga, G.,
Mather, A.E., Singh, D., Wain, J., Zamudio, R., and de Oliveira Martins, L. all

discussed the work.

Public@ahienchapter has been accepted for
Genomi cs undAe rmutldt@l atie | gemomi c approach i
Escheri chind aecno Iniati on and anti microbi al r

f oodso

eT



4.1 I ntroducti on

Food safety is regulated in the UK by thi
UK Health Security Agency (UKHSA). One of
gener al public health by reduci Ogoblde | il
Standards Agency.,.et2@240,0 &ritnaoinls efnoods, whe
with an unsafe | evellanegackmaiH@B@8Rhrgpansugme st
of safety precautions or hygienic practi
produ¢Heaht h Protect.i olnh A Agemrcsyy mRt0io®n o f
i mproperly cooked or improperly washed f
di se(@aeod Standards Agency, 2024)

Specific groups of microorganisms call ed
the amount of contamination on food. An ¢
i ndi cator organisms are coliform bacteri:
soil, watgut s amfd hHihmanEKayndamad i Fhail cCkod ri,f olr
can i ncl udeEsgcehneerriac hliiak,e Ci t r emmadd tedors,i eH rl tae
(Hal kman and HalHKomwaenv,er2,01luds)i ng total coli
shown to |l ead to erroneous conclusions f
coliforms may be from environment al cont

ori@gSantes ,MI201 M) crobiological <criteria
were defined for food safety measures in
(European Commi sFsooodh,s a2f0e0tby) measures curr
bacteri a cHBonutnetrso b atcotteasilntaseaer | ook for sp
| ixk®t hogeni c El.i td&dugeop eamafn Commi ssion, 200
Agency,. 2009)

Typi cekal lcyooht ami nation is assessed by enum
colony formi it @Kumietas t hCBEB) ur iotry mbgdn @y ,o b.
number (MPNérnati onal Organi zat.i oha ffeorl iSnt
have been set for microbial contaminati ol
veget abl es( Bunr otpheea nUKC o mmi sbsuto nan 2e0s0tsi)ymat e

cases of foodborne illnesses were predicH

eY



(Holl and and Mahmodadazdadhehev2®h20)f an out
Security Agency (UKHSA) useB. b,c @ihhiecn ccaan
further analysed using who( WK gtemalmeh sSeauu
Agency, . 2023b)

Short read WGS has been used by the FSA :
pathogenic |ineages and af Diamiechg b2 0all3 , r e
Brouwernal02 3t maA018dditionally, studies
not make the numbBer pefi sampkEReddd, ead2r0 2 0,

Randatl |lal2021, eBr,ad2wpe2r®f t en taking one i so
representati@¢Awegdn ad2a0mpdl et Wamngo2dt , 8202 4)
Ase. ©Cel known to be a genegtGecualdltsyeadiQer) s e
the selection fBr ocpleicakKkErxg pgipesampl e wi |
underesti mate the genetic diversity and |
food commodities will have different ass:¢
thoroughly compal( KRedtanall28286ececRad2dI2I1,

Brouwernal023,etAvwmid2h24 et Wamlgo2dt , 8202 4)

4.2 Aims and Objectives

This study aimed to invesEi gadlerawemgamn,
greens and seafood, which addresses thre:
1)What tyEpescodft aminate retail foods in th
from Norfol k, United Kingdom?

2)How diverse ar e E.hewptolpiud aftad ooch sc mmmodi t i

sampl e?

3YWhat potenti al heal t h rHE.s kpso bEdeoe nthetsee c o

consumer s ?

P



4. 3 Materials and met hods

4. 3.1 Sample collection and culturing

A col | ectH.onc eobfl abtle6s wer e col l ected prior
chapter 3.E.AddWdibtiitarnvael sampl es where four

sample were selected for additional whol

As briefly descE.i bpadbiitni cdhhapdmpl s wer e ¢
study described by dtarfa@lahkhedkmmmd?2 ZzEnediko
and Zamtdiabconductsedta omradsstudy in Norf
bet ween May 2018 to November 2019 to inv:
sampling focused on five food commoditi e:
products based on 15 ec oFnasmu nhpyt DEopna ddsanm2ad t  f
Food and Rbeafi Aef Aood, c@Ming |
raw chicken, raw pork, raw/cop&eldagpe & wines s

ing ((hanedlkd RO sampl es

Environment

—

greens, resul

Sampl e proces

(7]

I ngg,. mroepgeaorbatoilmmgiamd det ec
previously described etn(alla.nedk a 2a0a203d)Z a mu
was stated in ChaPeerSeécbobihlohhRsltBesis

The methods for isolation and biochemical
of thi@etth&eics ).)&acH.. Ip®ki ti ve samplEe. had
coddl onies sAECr em dHtf Brucella broth +17.
(Ther moFi sher Diagnostics, Rochford, UK)

4. 3.2 I nitial dat asets and sample select]

I n the study from danalBk6 aod damubdeol, 3
E. pobi(tJaredkml20Rr3i)or to the sbhaBt odl it
i solates from 197 samples were selected |

The samples for bef or e btyanesko, N.rBoljoeocmf iweelrde
and Pal ,audathd® AE.,f or f ouranrdeagsenstated i n
this (SkesiSecti)hon 2.1. 3

The diversity of E. coli contaminating retail foods was investigated and Astorga, G.

prioritised samples with four isolates for further sequencing. In total, 401 E. coli

N MM



positive samples with up to four E. coli isolates per sample were used in this study.

The 401 samples included 126 raw chicken samples, 115 raw pork samples, 75

raw and cooked prawns, 52 raw leafy green samples and 33 raw salmon samples.

4. 3.3 Whole genome sequencing, quality c¢

DNA extraction was {Sesec rSebcetdiammhd 2tih3aipd rea |

extractions f orpetrhfiosr céhdagohyeire Iwke r& . J. , and
Whol e genome sequenced isolates are here:
contr ol processes ar dhecesenqiueed ei Ml ad lma gte:
study are available in the Sequence Read

SRA: PRJINAIIAPEMNAA)ihxrattig .anal ysi s, scripts
written by AguoddaomeaGnu dwii&lhoBmf i eded, S. J.
Ol'iveira SManghnsD. dnbati mer J.A. E.

4. 3E.4 pdhlyil ogroup, sequence typing, and pt

E. gehbme assemblies wer e cdmssesquenecde itnytp
(SYsas stBSetedonhn2. 4. 2.

Uncl assified STs were further characteri
uni que ¢ o mbadkat ifounnsC,ofgyr BandegA omdhespur
provided by tiidAppbesdi BuBlpani KimowvziL. d8nd Ha
202Wi)th default settings estimated B.he pt
codssemblies. The output from Phylonium \
(Si moepsenlROM&)h-it wdx options.

The phyl ogenetic tree w@aR €Cose@aTeiama,d 20 2 7
RStudi o v.(ROt2uldiO® . Tleamng20®he) glgtu,ee2 w2 B).
ape \J(.Parbadis and ,Sophlyiteom( € &vé Al ,.0a2@1 2)
ggnewscale@Campi delplhickapg@22) Pl ots were Vi :¢
ggplot2 (Wi cBham¥|l 206) enafi @ta dc dymnmvoedri et
identified during phylogenetic inspecti ol

4 . 3BP.ai rwise SNP analysis

Reference genomes were chosen (Bgsihmwe egefres
al . 20@20d) t he bacteria Ref Seq datalf®séeée@dy
et ,al0In6)t he coB.l egaobiomed fi nt o their resp

N MN



reference that was chosen for the majori.i
the highest average nucleotide identity

as the reference for that ST.

Reads from each ST of interest were aligl
(ST10 reference (Genbank Accession assemlt
reference (Genbank Accession assembly | D:
reference (Genbambl Act®OssiG&RA_ 825869795 . 1

4. 6(.Veemann., QUOUUHKBI)Nn¢s Cvoudth2al@Omads) used to
remove SNPs attributed to putative r ecoml
pairwise SNP differences wer(eSeeamectuflaalt.ed
2021)The threshold to determine the epide
same sample was five SNPs, as this is th
Shi ga-ptroxdiukE.i n@t b[#Mi kéhtaj dl2018)

4 . &8Di versity between food commodities

The. 68dl diversity (richness and inverse .
each food commodity. The( Rsipalr & R rdaGi)eN B XeTd
and extrapolated the data to predict and
commodities. Richness (q =0), and inver si
using the "incidence_ freq" datatype, wit|l

numberob$t baps set to 500.

4 . BAntimicrobial resi stance genes, pl asmi

The presence of AMR genes, plasmid repl i
determined usi ngHA&R BaAR &l 2)hl d.ed ault sett
tri mmed reads.( BlohreteoReasifaQr2d®d ra s mi( CRirrad ¢ ro | i
Hasman,, 282® ) VFDB (virulenceCliamcialROda) at
dat abas eddlowerrleoaded i n May 2023. Known po
with AMR were ident i(fZiaemdk au fail2n0gIin7®Pot meé Fi n d «
PointFinder database ( do(wnanokaadread2 d In7 )Oct o |

The output of (AR&BAaRROA.AIM . t6he Resfinder
(Bor teotl aala 2do)wnl oaded May 2023) provided
NCBI accession code, which all owed tracki
repository. The o(uZapnuktt roafl2 Ploo)st Bedd®@ub Me

NM=



l denti fiers for papers that described kni
drug class for AMR genes and point mutat.i
associat ed parpeefreraenndc icrg stshe AMR gene nan
antibiotic resse s(tGARDArdtmtiuaBO013I he acquire
genes that may confer AMR and identified

Point Finder database are collectively cal

The AMR determinants were classified by i
Heal th Organization scheme f(oNordrdi tHiead ItIh
ni zat.i oot 0tli9dlesMslt maindrerudg MDR) i n t hi
classified as the presence of AMR genes
di ffe

Heal th Organi zatieotn,al2O2ZAB®MR Cmrt afl ialnedos wer €

Or ga

rent antimicrobial <c¢cl asses ac(cWorrdidn

the unique combination of AMR ard eexp e@tnd

phenotypes or intrEnswabreretstahker iwntabi i

Typical genetic markK.erwe feori mdv eastrihgeaatgesdh i «
(Ent er opakt.hocgeehrei, c bSHiiogxkda n prEacduci ng
coVerocytotoxicgtmilg E£thxt2r oiteolxti,geensitcA/ est B
EnteroiBvascplivieV; EnterdpddredPatiuég&e @adher
Af al/ Dr f ami-il nyv, a AidvheelskAdinGe urdts eanl2 OR.2 )wa bk i

al so characterised as extraintestinal pa:
of the following virulence gpgapdH, wpra@ Cpr
sfalfocDE, afaa/gprrs HR®,h nesuoiredl2 00 3)
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4. 4 Resul t s

4. 4F.olod sampl es

I n this study, 401 food samples were col |l
Ki ngddm. chicken, al/l por k andndlIlla 5s2a |l neoan
green samples were fresh

4. 4E .2 cwolnitami nati on on food

A total EofcéabD&7es from chicken (n = 310
162 i1isol ates), pork (n = 279 isolates), |
110 isolates) underwent whole genome seq!

(Taldl;&8 Appe)ndi x 2

Tab4de Number of samples and number of
each food commodity purchased in Norf
November 2019.

Numbe Numbe Numbe Numbe

of of of of
Tota Tot a
sampl sampl sampl sampl
_ _ _ ) numbenumbe
Commod with with with with

of of
i sol iisolaisolaisola .
sampl i sol ¢
per per per per
sampl sampl sampl sampl
Chi ck 22 59 10 35 126 310
Leafy
7 9 7 29 52 162
green
Por k 16 6 3 7 29 115 279
Prawn 5 39 1 30 75 206
Sal mo 2 7 2 22 33 110

N MT1



Tot al
52 177 27 145 401 1, 06
sampl

I n sMUSTcocl assi ficati olh. ageh ogmeesd itrh et hli, 0 6
i nto 238 known STs (aAkpdp é&Md iuxmk3t)dwrs STs | ec
most abundant STs compri s®@H1A@A9(rH% 069 )t ,heS

39), ST101 (n = 35), ST155 ( n K guetpe . 4a.nd
Chicken (n = 118 STs) and pork (n = 103 ¢
uni que STs, followed by prawns (n = 75 S~
sal mon samples had the | owest number of |
73 STs weairee twnichi ckens, 41 STs were uni q
uni quepor k, 47 STs were unique to pr.awn a
Three wx5 edefined clonal complexes, howeve

676) did not belong to a defined clonal

compl exes were ST10 cl onal complex (8.25"
(4.97%, n = 53), ST1®B1 rloD>ndd) comp8e@xcl dr
(2.34%, n = 25), and ST23 clonal compl ex
most prevalent STs were not present in al
on sal mon samples, ST117 wdasp oornkl ys af nopul neds |,
was not found on | eafy green and sal mon
chicken and |l eafy green samples and ST54°

sampl es 4(1B) gur e

NMP
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The
s al
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t ha
to
| ea
t hr

t h
i n

esti mat e

mon, whi c
ot h
ot h
the other

h t he
n the

fy greens

ee sampl e

common to

bei
18)

ma

ng found

seen

n

e most prevalent STs and ( B)
this dataset, categorised b

3 Diversity estimates across commodi |

d ST richness appeared si mil :
h had a smaller number of ob:
er commodities. The Simpsono:
erf lceocntmondgi ta enso,r er eeven ST di s
food commodities. Of the 68
, only nine STs were observec
S . Howevern timerbe tvhe rpeo r XT sa ntdh
ny more samples, for exampl e
in many of the 115 pork sampl
many of the 426 chicken sampl
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A B
Observed STs Inverse Simpson diversity Inverse Simpson diversity
Salmon 4
Prawns h—@—
Pork 4 “9—
200 v . Leafy Greens A & .
/’ I" m . i
> ’ ,",‘ » % Chicken
E /,I” ’J E
e 1 L7 £ ST richness
= > g
(] 1 o0
e S| -
1004 ), = aimon
,' Prawns - s @
, 1=
l--r Pork 4 f ®
== =T EEEE Leafy Greens FaN L g
0- Chicken 4
0 100 200 300 0 100 200 300 0 100 200 300 400
Sample size Diversity
Commodity Chicken -4~ Leafy Greens -~ Pork —2- Prawns Salmon
Figwure A) The rarefaction curves nd the extrapolated diversity
commodity with bootstrapped 95% confldence intervalSTsa,Rdi hhe r ep]l
number of samples coll ected. Solid |ines are rarefaction curves,
are 95% confidence intervals based on bootstrapped standard err ol
confncdee i ntervals, along with the observed diversity [triangl es]
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4. 4E.4 se®lquence type diversity within samg

I n this dataset, 48. 1% of samples (n = 1!
13.7% (n = 55) of samples were contaminall
samples were the only food commodity obs
maxi mum of twé3)STs (Figure

Chicken Leafy Greens Pork Prawns Salmon

4, -

w
I

# of STs in each sample
N
|
I
|

1, 2 y! - g (| e La® | — L3 .. L . S

i 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

# of isolates in each sample
guBe Boxpl omsambfe stelmgduenc e t yipne se a(cchTsof t
1 retail chicken, por k, prawns, sal mon,
i s shows t number dcf. SiTasloilwahteens uipn t ea d

he
mpl e were sequenced. Each red dot repr
e interquartile range of the number of

~ v o s~
oSO X O~

he three most abundant STs were ST10 (n
enomes) and ST101 (n = 38 genomes). Thel
ontaminated with at | east two ST10s (n

]

ST101s (n = 8 s7amppeaisnwi sThe3 e ovempar i s
me sample from these thr eerSSnsdhel wel2 ¢
nomes within the same sample and ST ex:

5 pair-wesembiomant single nucl ebtbdet wol

N © Q@ »w o o «a o

— ~ O QD

10 genomes from thed4dd am&Sasampl| svab6Fither «
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commodity without multiple contaminating
sampl e.
@
800-
700- !
600- ®
]
lu_) 500- i i
c 400- Commodity
ég @ Chicken
S & 300 @
s 3 ® Leafy Greens
3-:—; 15- @® Pork
gn- o
nZ @ @® Prawns
c®h ®e
= @ @
= ® > SNP threshold
e I ... B
@ J
[ ) @ L] @
[00033] o om (» @ @
@ @ @ @ @
0 OO «®xXe o
Q \Q'\ ,\’<\
ST
Figude Compari sons -soafmptlhee -sneigtbheinnce type (
single nucleotide polymorphism (SNP) di f:
ST117 within the &ol lgetioimers dfs ol ,aded fr o
chicken, pork, prawns, sal mpmamphed®Tehiwpng
comparisons are coloured by the food c¢om
i sol at ed The five SNP thresha&aldcbhs epi
stated by the United Kingdom Health -Secul
produc&i ngdI5(7Mi kbai,hl2018p indicated by th
i ne.
4. 4E.5 pdlaismi d replicons, virulence genes
genes
I n this dataset, 63 unique plasmid repli.
most frequent belonging t.dhehmetdhahR nombi
di fferent plasmid replicons-9)n each genol
The most frequent phabBbmBdAPRWhEG Ichhif Bvaswa s n
41F@enonessampl esfGhexx®) sampl asFWwBt AP0OO019.
harbo&kri g§fampheésarboured AMR.Tdhed etrhm enea nn
frequent AMR det-ec cnu madd sWil Bla A Rvedr 19 1 8
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bl aTEMn genomesn=sa&@Pl etsdta( A)lenomesn= 126

sampl ey =sn®l92 ( n

glelp5o me s amp.l es = 77

|l ncFIl B_ ABWaOslb9sle8ivike.d € o taih | dcfoonomo d i twaesso sbtu t

frequentl yaaBseR®

eden sampl es. Tphoirsk wans

sampkeS/ 115 shepfes@reenslbhsb52amplpesawns

= 17/ 75) and sal mon (n samples = 4/ 33).

No typical i ntestinal p a tshtoxgle,re &(¢lxn2REQC), g
est Al esaBf abbp, family were found in this
factor scheme identified 26 putative EXxP|

= 13) and seven p
Kknown and two unk

classified as put

I n this dataset,
determinants dete
AMR determinants
E. gehbmes from c
prawns, 18. 2% gen
AMR determinants
which included git

i mportant dr udg.;@l.

Within this datas
tdi ghest priority

ork samples (genomes =
nolwe ISiTghesST1hdmbad ObOf ¢

ative EXPEC (n sampl es

58. 3% genomes (n genome
cted. TheEe wehemt&g6hsadl
identified. At | east onc¢
hicken, 47.0% of genome:
omes on salmon and 14. 8¢
were classified into 13
amtt amittiimd alrloy iiarhpar ug
Bppend(i Ba. bl6e

et , resi stance deter mi n:

critical Inyc-Li(ropd)itsantn a

blICar M-2 7b ICalr M-5 5b| aCMXnd geaerbBerring resisteze
fluoroquimAaMRnNnést erbmCah MR2t7d ICal XM-5 5b | a CGMY

suggest possibll@gemesiasi amceephhald os-porins

| actam subcl asses.
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Tab42z2 The total sample counts and pr o]
sampl es consi sE.i ngelwid mds 060l ated fron
pork, prawns, sal mon, and | eafy greenst
(AMR) determinants. The AMR determinar
antimicrobial <cl asses. i nical i mport
HealOGrlgani zation prioritisation catego

Number of Worl d Health O
Antimicrol with antinmnprioritisation
resistance resistan clinically ir

deter mi na antimicrobi.
Pol ymyxi ns 2 (0.499
Cephal os(p3p i-#
P (FB_ 9 (2.2 &) Hi ghest Prior|
gener)Jatic
: | mportant
Phosphonic
. . 11 (2. 74
derivatives
Beta | act 14(8 2 %)
Aminogl ycc 141 (35.
Qui nol onc 83 (20.7 o _
: Critically i
Macr ol i d: 9 (2.24%9
Oxazolidi 5 (1.25%9
Anamy¢iRmg am 1 (0.249
Tetracycl 146 (36.
Sul phonam 133 (383. _ _
: Hi ghly i mpor
Tri met hop 120 (29.
Chl or amphe 46 (11.5
Li ncosami 18 (4. 49
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Tab4Th®i stribution of antimicrobi
the collection of 401 s abmplacashicmes
i solated from retail chicken, pork
carrying antimicrobial resistance
AMR gene Number of vlzietrk?ierr:twk?él
t €A 202 18. 9
bITé&E M B 187 17.5
sul 2 165 15%.
aph{ &) 127 11. 9
a p hotl 3 119 1 12.
aadAl 112 1 .
dfr Al 94 8 .18
t ¢B) 65 6.009
sul 1 48 450
sul 3 37 3 .74
dfr Al4 35 3.28
fl oR 31 2 .19
gnr S1 30 2.81
cml Al 27 2.53
aadA2b 25 2. 34
dfr Al7 22 2. 06
df r A5 22 2.06
bITEM C 20 1.87
bIT&EM D 20 1.87
aadA>S 19 1.78
| nuF 18 1.96
cat Al 17 1.59
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Tab4Th®i stribution of antimicrobi
the collection of 401 s abmplacashicmes
i solated from retail chicken, pork
carrying antimicrobial resistance
AMR gene Number of vlzietrk?ierr:twk?él
df r Al2 14 1.31
f osA7 13 1.22
a p ho¢ls8 12 1.12
ap hdn3d 11 1.03
gnr B19 10 0. 937
l nuG 8 0 .57
aadA?2 7 0.656
b 1CaV Y2 7 0. 656
bITEM A 7 0.656
t €M) 7 0.656
bITEM20 5 0.@6
b ICA RR 4 0.87
b 10aX AL O 4 0.87
mp h A 4 0.87
aadA22 3 0.281
dfr A15 3 0.281
df r A1l6 3 0.281
mc-i 3 0.281
gnr S4 3 0.281
ARRB2 2 0.187
aadAl7 2 0.187
aadA214 2 0.187
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Tab4Th®i stribution of antimicrobi
the collection of 401 s abmplacashicmes
i solated from retail chicken, pork
carrying antimicrobial resistance
AMR gene Number of vlzietrk?ierr:twk?(f)l
bITeE M8 O 2 0.187
cat A2 2 0.187
cat B3 2 0.187
df r A36 2 0.187
df r B4 2 0.187
a a(d)- Vv 1 0.0937
a a(8)-Vvl a 1 0. 0937
aadAS8Db 1 0. 0937
ap®-l a 1 0. 0937
b ICar XM-2 7 1 0. 0937
b ICalr M-5 5 1 0. 0937
blLAR 1 0.0937
b 10aX AL 1 0. 0937
bITE M 0 1 0.0937
bITEM 9 1 0. 0937
df r A7 1 0.0937
df r A8 1 0. 0937
df rB1l 1 0.0937
er@m2 1 0. 0937
me(B) 1 0.0937
mp (B) 1 0.0937
gnr B7 1 0. 0937
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Tab4dFTh®i stribution
the collection of 4
i solated from retai
carrying antimicrob

of antimicrobi
1 s abmp leeasihhicmenss
chicken, pork
I

0
I
i resi stance

a

Percent of

AMR gene Number of 9 within whol

gnr S13 1 0. 0937

t ¢Q) 1 0.0937

I n this Btuplgbi 1i58e samples (39.4%) were

potentimBAl .MBRmpl es containing at | east o
across all food commodities, and were o0b:
35. 7% of pork samples, 22.7% of prawn sal

5.77% of |l eafy green ssaampdlees clTdiret girmiprog |
was significantly differé&rmrt 7RetSwe an ff. o o=d
x 1.

tobm chicken meat in this study cont ai
tentially confer resistancer(mo2)1)2 tdhrautg

nfer resistanceE.t oc ertull ati ggd ef rcd m sssaelsmo n

terminants to nine drug classes; | eafy

0O o o 0o T m

0

0

ontained AMR determinants to 10 drug cl :
e

eterminants to ei gh3A)dr AglddIta osnead | (yFi gvin
s

[ ol ates per sample were sequenced, up t

combinations were 46B)t.en found (Figure

AMR determinants encodisgimemomslaBnor for
cephal owpbohinst wieg edatdaesndet fi ed across mu
commodiAmoag'sgeBeratpbnal obplcEMOM& S denti fie
t woutati vEe NMDbRiwdeparate chi Moeeolwl@aM e s .
40vas i dent iEf.i edbbilmtaamde hi okmen sampl e wher
AMR deter mi nant sT hweelCRIY2AMENn diet eedi nant wa
I bwput ati \vEe MDBDR OMesactmo separate .pirthawn s ar
blCaMY2 deter mi nant wad¥ealgsdh ofmesndsreoprar at e
|l eafy greenwbampl pe ot herceAbMRuddadadlt mi Aaf]
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ThblCar MAMR detewmsnadentified iE. towol iput e
genomes from a chick&EhmahbhdAMR advert sramiph &n t
identified i n tEhr €@ tpnot acthiivcek efhD &bd nep 14e s3)
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Tab44The AMR genoB.ypegesinidmes cAMRYI ng
determinants encodicwdg i s ¢ $ ifgsenaearcad ifoonr
cephal osfproatnmmes col |l ecti on of 401 s aEmp
cobenomes isolated from retail <chick:u
greens

Col i st i nigeamedr &3t

cephal osAMR I n AMR genotype
determinant

aadAll,aTEMf3rOAL sRi,Islu,l

tet A

b ITeE M8 O aadAl,aTENMf30BL sR,Isu,l
tet A
b ITe&E M 0 bl aTEM

aadAMmladABbaCMYIlaTEM_
cml AX,r Anle2f, sBiIt3e,t B
b 1Cav Y2 aadAMmladABbaCMYIlaTEM_
cml AX,r Anle2f, sBiIt3e,t B
bl aCMY 2

bl aCT%5M_ bl 8TEMM,h

gnr S13A tet
bl @T M aadAlph 3 aphl b6, |
bl aCTX_MMf 2RI sRI,Islu,lt2e,t
tet B,
aph_3_ aphl B, bllad,EM_ 1
mcr slu,l 2
me-i aph_3_ aphl B, bllad,EM_ 1
mcr slu,l 2,
aph_3_ aphl B, bllad,EM_ 1
mcr slu,l 2,
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Food Commodity
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[ |
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I
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||
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. Macrolide
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. Rifamycin

. Sulfonamide
Tetracycline
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i gube The antimicrobial resistance deter
nti microbial resistance (AMR) fBundowi t|
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et er micnlaanstssed i nto anti micr obiBal Broexsil sott a
f theEl,®&6&howing the number of unique ¢
eterminants (termed AMR profiles) recov:
p toEfogelniomes were sequenced, separate
ach dot is one sampl e.
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4. 4.6 PhyEogemwmilhitafmi nating retail foods

The. pb¥l ogenetic tree was divided into |

and EG. gehomes classified into phylogroup
comprised the majority of the collection.
E. €tobm all food commdduthi gese BBRwgene$d :
mutations were identified within individ:

26 presumptive ExXPEC were identidb)i.ed acr



"~ Phylogroup

AMR genes & g
point mutations 4

Ope '}
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c
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S
co
t

15
ium midpoint rooted phyloBengeinomesee sohatedl Ifeo
prawns, salmon, and | eafy greens with a tree
|l abell ed red if they are putative ExP&fcd fThe
genes and point mutations are mapped onto the



Two clwedes examined due to the enrichment of
chicken and sal mon commWWlitthieastbde pPhel phehog
genomes from 39 samples werBhelgessormesedi s p
phyl ogroup G were classified into 10 unique

compri Eedcebl ated from chicken (n genomes fr

chicken sampl es 34/ 39) and majority of gen
genomes c¢classified as ST117 = 41/53). Majori

contaminated was chicken3méedtl) (nTEE1lbhuompemo o

determinants in each genome f& oam d h2y8 osga nopulpe
hadB. wbth at | east one AMB .deAt d@rirhifrearetnt ( BiugL
within phyl ogroup BE.compiased énomrseshy moh (

7). All the genomes in thi

= 19; n sampl es

These genomes had no AMR determinants detect

P
[
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There arkE I|SGanhiidiedde 'W&GiSt'y st udiks f oc

l ation within a sample

s stuwEdy,cotbHeatle,sOBVere classed into
nown STs. Similar studies in the Ur
and porEk ccloasbs i8fli ekdnAodwdert hSa R Q02 4nd

r retail meat suEvegyebhaChsnanasessi:
STs and (2Ma rego,vad20 2S@sner al l 'y, our st
revious work, which show retail me i

STs. Despite similarities witHh. ho\

cultured from meat samples between

s, the work in this chapter took u|j
ook one isolate for wa(rAlwcderoh, al2lD@l4e

ngt ,al202Z2hi s means -stahnaptl et hSeT wdiitvheirnsi t y

pl or
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mi s

ed within these previous retail me
within this study are not necessar |

sing outtadyarerCil®iTnaThesse used t he

gMLST) approach, which uses hundreds of
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heme
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to assign numbers for each |l ocus.
s used, there cannot be dainrdect ¢ omj

ional MLST typing schemes since no\
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garding |l eafy greens, this work found
pul ation (68 STs in 162 isolates) comp:

tetraeycsliiffteabobbm | eafy vegetabl es( Reg8 ST

al.2026dditionally, the thret,amwetr eamond:
to contaminate any | eafy greens in this
found may be because Reid et al ., were s|
resi &t aonbwhereas our work did not. Mor eo\

bet ween studies may al so be due to the di
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E.
al
c |
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ocedures and the potential contaminat.i
il s, manur e usyagwqr Kerrane.ar s/ f actor

l'i mi tedEnumbielyemdme surveys have baAen ¢

t r aeyecsliistreance survey on a range of sea
cebl ates were classed into eiglittelunowl
. 20D her survey on retail fish in Tun
assed as fo@UuS%odda,fafleZ2hfierSefsare a | ack ¢
eci fiEcalcloyhtatmi nati on on sal mon and pra
these general seafood studies to this

maj or di fferences between the geographi c:

an

St

d total EnumbbBbnenc¢éed. ST58 and ST10 wer
udy and the Chinese study but have bot|

(McKiehgal2018, Manges andTbhehhaok, oRO0Og2Ehn
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a
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fo
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Wh

rveillance on | eafy greens and seafood
baseline for future risk assessment ani
mmodi ti es. However, further WG&teurveil

ether there are patterns of sequence t°

od commodities.

5.2 Taking multiple isolates per sampl ¢

en up to four isolates were taken per

into four differenthWdSTs.suAbtsEprad airbwsd e yp

S a
Re
co

S a

mpl e Emsiemg@bacteri al Repetitive I nterge
act(iRb@GRCR) and fotushdveé hditsupnct genotyr
nt ami nat e c¢ h(iYakneat] jamd 1@ERIKC2 does not p

me resolution as whole genome sequenci.l



i nvestigating tilke dbhfiecomt agmApmpas edtfh oodn
El hadi, R®e@®her study previously used r ey
PCR screening found REBRRaypep dc¢oulnd nlee r ecc
single meaVYasgamphiead2018)

I n this study, sal mon had a maxi mum of t\
was previously found toEhatvtbha tbweot pee:
commodf{ daeedkml2023uggesting that there n
the abB.l itol ppdrsi st on sal mon. This coul d
recovée&ry Etomfom sal mon using the method des
opportung.ticeoshtifaoomi nati on during the sal mo
Sal mon muscle has been suggested to be si
environMmesiti na,nd20tOh6e) f ood many MBc ted midng p

2016an | ead to bacterial contamination. T
that taking four isolates is iblbh.suf@siici eni
contaminating retail foods, with sal mon

4.5.3 Ther-eampl evi-%&ht B8NR variati on

I n this study, <severbdlsssdmmpldesashadche same
sampl e with aexgaoimbwinaentn®dmMP di fference ¢
Previous work inVvVeesrdegalRDa@nd8TEIAH 7al
202i2ndi caE.e thtath a single ST are not al/l
ancestor can accumul ate SNPs and | ead to
Wi tiTn SNP vaEi ababnbeean observed i n huma
studi es @frSownadiauas2§18, evialQi0oRd ,h etHaazl2Mh2 3)
and variation within STs found within the

no-hy ph ®diad anlo nYeelrlsa ni a e mtnérscewdloimoin@as, aer u

from retail (Blodsemfitinali2t0e 3Kt Palk@and4, Bl oo
et ,alR02A» -ssampl @ -SWi tSINiPnh vari ation is evid
most abundant STs, it is |likely that ther

di ffer by greater than five SNPs.

The food commodities in this study have different growth and rearing timelines.
According to the Department of Environment, Food and Rural Affairs, the age of

slaughter for indoor-system chickens is roughly 35 days (Royal Society for the



Prevention of Cruelty to Animals, 2022); extensive-indoor or barn-reared chickens
is @ minimum of 56 days or a minimum of 81 days for free-range chickens
(Department for Environment Food and Rural Affairs, 2024). Pigs take longer to
rear than chickens and are slaughtered when they reach market body weight,
which is around 175 days (LOpez-Vergé et al., 2018). According to the
Commonwealth Scientific and Industrial Research Organisation (CSIRO), farmed
prawns are harvested around five to seven months of growth (Commonwealth
Scientific and Industrial Research Organisation, 2019), while leafy greens (Jasper
et al., 2021) are estimated to have individual growing timelines. Food
manufacturing processes vary between commodities and also depend on the cuts
of meat/end product, but for all commodities, these individual processes take less
than a day (GOV UK, 2009, British Meat Processors Association, 2022, Leschen,
2005, Jasper et al., 2021). From packaging to distribution, the Food Standards
Agencyds Advisory Committee on the Microl
vacuum packed foods should have a shelf life of ten days (Advisory Committee on
the Microbiological Safety of Food, 2020). E. coli ST131 was estimated to
accumulate around 6.50 x 107 substitutions per site per year, which equates to 2.7
SNPs per year per genome (White et al., 2024) The SNP differences observed

within this dataset suggests they could not accumulate this difference in this time.

The presencéE&. ofmafli secse fr onc omutlamipn at ican
points throughout the food processing chi:
weighing units(fHolretealR9ldyeemashi nery an
i n meat proce(sZzswinegt i,feaxzd 2@ dietsi onal |-y, a s
contamination event from the food manuf a
l' i neagdes.cofor example, a study in Japan i
contaminating the same( Nakatmitoml2i0n21a f oo
Mi crobi al contamination can occur at any
production, processing or during food r e]
this study was only performed at retail |
det enmtemiwhen the retail foods were( Roogami
et ,alR017,etuydi2O€Aadni ti al contaminati on ma
from the original ani mal host, contaminai

to the variety of STs observed contaminat



observEeEd Obbrv, WwWhetebm the sl aughtered cz¢
food processing chaif{Wandgtolnel@Od@epahm yout b
vegetables have an alternative initial C

manure could be the so(trskeamalRODId)cont ami

However, this approach comparing genomes to a reference and comparing SNP
differences has limitations. This is a stringent reference-based approach that will
likely underestimate the number of SNPs between genomes. As genomes classed
as the same ST are not necessarily clonal and can be comprised of different
lineages that have diverged from a theoretical ancestor, using one reference is
likely to introduce some bias due to the genetic variability within STs (Decano and
Downing, 2019). However, it is still a useful estimation for observing low and high
SNP differences in E. coli and demonstrates an even higher level of potential

contamination and risk.

4. 5.4 No di Brrbowerhgemioand, but presumptiv
i denti fied

Within this dataset, there is |ikely a |
di arr he€agamilatox 1 ,es¢ x2bf p, Iredar, Atthed Bf e § & |
virulence genes were present E.Hbwéedwar ,0nd
virulence genes is challenging as c¢clinic:
which is evident by asymptomati cE.howdtsh t |

virulence genes ass oc(iJaetseste,rai2t0l2 Fpuartt hhoege n |
complications for Hefaonibpg bdeaaubeagkni e
pat hotypd Khgbiedd,sail2n0a2 2n exampl e of whi ch
aggregative adhesive phenotype and virul
enteroag@¢regaodsveel |l as the gdmeq@Ernd ¢hwd icmc
E. ¢8|l el asgte wslk@all)

A set i rul ence geneet ,qacllodrmest obeyl2 H@EHn sed 2

v
genomes in this dataset as presumptive E:
been suggested to be( 94a maemtsjearl2/Ql & u tf oirt Eix$P |
to be a frequent di(rDeceyt , 41280 Sbhids 61 onaft 6y
absence of detect aoml d eppdtyatgirvee nEx PEG@GI| mon
c

not exclude them as potential vehicles f



be a vehicle Efl.or tp&kthtagodR9i1l&nd may presen
potentially greater risk than the other |

typically eaten raw.

4. 5E.5 cwoInit ami nating food can have differe

This studpAMRddet eftneadtanctosul d potentially
resistance to seven critica(Wygrlidpldealanh
Organi zation, e2012a92,0 2Qartvad aalnpoolgi t i ve sampl
betlaactam resistance genes (36.2%) and am
(35.2%) present. Exlt actd@ta S @ eHo t obdaukceb ebgeae n

commonly reported in retail fBodsolamendmnm:
are reservoirs fofDBEgBlalddIls@xeImi sitaitn ome s i s
(mc-1) were also found in two genomes, whi

resort treatddmamgt rfecn srewlattii @eramat hogens t
potentially be sha¢®dhapett h,rad2tOh2elrh ibsa crtiesrk
el evated by PBRot,eowhiadh MDRr e i denti fied ir
within this dataset. AMR genes can be mol
bet ween Hi fpevkEagroups, andSactmoesel bpeci ¢
Typhi muni wwamtdr avii i hwincee mOoBeé&t,al202The

potential spread of these genesEtooont her
food means the threat EB.s meohi duomdssdf ulol y

and cause dised&se,thhut halrdooutrhenobi |l e gen

Previous work investigating microbial <col
be contaminated with var(yBlnogo refoinel@dd.2 8a) i
This is I mpowgiutanomoas!| studies have ident

hi gh bacterial | oads with AMR genes can
mul t(iBdbyetr gal2023ap well as spreédtdambiRraeddt ¢
al.2019)though the bacteri al | oad oinnret
vi stedi es overall, and certain foods | ik
which wil|l reduce overall Dbréhatserriiaslk |isa da
commodity dependent, as | eafy greens may
therefore pose a different overaldl heal t |
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l'ti ple AMR profiles within a sample hiq
one isolate from each sample underest.|
tenti al mu | B.i dweubgi irdeentsitfaingd&E.i po¥3 .t4 % eo
mpl es collected, of which chicken sampl
mples containifkg pote®msti dhley f MDR ¢ ommo
icken meat are a poEentoHl aceeedvogrt o
ultry, specifically chicken and turkey,
2(0NRi3c kb, a2 02BDBuUur study hi d&hlicais that
taminate all these food commodities,
a selection criterion for a specific
uld be noted that the presence of the:
not yepx pcrad dfsyerd e x amp |l e  ttheet dpAdees g Bge s o f
poor agreement with actual (&i.sglody of
|l ates i n CHusexiamldah)jtmgaagh phenotyp
uired to confirm expression of AMR ani
icator of AMR genes exposed to the col

lth officials with proactively reduci i

eeoccurrdree lnfc FI B pbwistmh dAVIR pde tceommi n a
rrants further i nplasmigas i oariynit mg wAMR |
e presenkE. wtaohimi $ hedat aset. Ther gpleidooam
tBi ncebl ated from alhiigrke nwistampyhreesvhi o u s
ent i fliBesd tlhnec pr gld @ snininé n tEke.p | € ocborm paomud t r vy
tail pdqulothmy omeedt, md2tOOWPHF as mirees t he most
undant E.moenogdsite known t o bhacliamlaesice swi t h
dugené&s. there i s a metabolic cost assoc
e predomienpoadmmpdtity suggmay ssbuefhfa tc itehr
sitive selectmainnpaies niibbé@ smhlriegthatisl ¢ hi
ats as amoiumiood@akms e mimoadtiileen geneiwi ¢ hel
cFI B and AMR( Rlietteeutmi ammachtGhen, 2023)
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4. 5E.6 gelniomes from different commodities

phyl ogeny, with | imited exceptions

Broadly across tEhe gmthylmegerdy,ont da fferent
commodities are intermi Xe@8T1W7tand oMES £ % 4
clades were chosen diEEe (o bthhee cehnircikcehnmeanntd
food commodities wie hemrithlememty | abg e trchoelsid |
was i nvesdetgantwhdmtéehoer or not there was a
str ucPthuyrleoogr oup G was Ei.dagmthiofmeed ftrao mh gpwa r
chicken meat cl uster Et.ogeeetthee rc.l aTshsei fmaejdo rai
which is a globally distributed potenti al
has been highlighted to consi(sXetntdld02Z2d,ni

Roned ,alR01The variability of AMR det er mi
genomes in this study and their poEenti al
cogenomes as clones of concern, especial/l

A sal mon specific clade in phypbgtogpnil]|
did not contain any AMR d&teoml hantmed The
suggested to be influenced by the envirol
and (peH Badawy andator wOR&)caught fi sh,

another point of contaminatiBn ¢Bbeseduan:d
Levin,. 1T9h7i0s) cl ade was comprised of ST547
identified this(Bd dan hemmalt ajn &0 22&p heal
samp(Bsgum Yasmin efhearle ma&y 1B8e cl i ni cal

ST, but it is unknown if this I|ineage wi/|l

Whi |l sE. tdhehdomeess e beaeadbypexd etqtheglroosy ip &

phyl ogeroawed some i ngeenrosnpeesr sfiroopnh gdii of gf reor uepnst
within neclgadiehsirsi ngnt enayp e ekeiltdmtdol ogi cal
' i mitations rather tha@hetphel phybdbopgengpi
reli €ésuongadesnsitive to assembtbtgnfragme:]
thereforephylfegrscu g Beergtlred i,m 2 0TLIBI)s may r e
[ g e h D bees mlga s saisdni @ ch ¢ o mpshiysl toegwitd bhp n a c |
wiitm t he phlytlorgretmtyi. s eimgy al so be bgmoebitloe i
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geneti c ,ellaesme nztosnt al thraavnes fperre veiaeurgstikspd b e e |
affect phyl ogr(Bwem leds,sa o n&gnt

4.5.7 The culturing process tHmaycloilmit gr

This study focused on cul tEur iwbg htolueg ¢ae rse|
focus on pathogenic and antimicrobi al re
used in this study E.s ocdlamaatrd, fu-t ctuH d uil
degree incubation temperatureEcobbHepges]
t hat can tolerate this temperature. For
| SO 1462918(en) met hod-gt @ c e m wpne sdiadtsiev aod ti a
actively sel ect sk.ag@t bhistt \Hpeast haorgce natcher p a
|l i neages at( |44 edengarteeosnal Or gani zat.ion fo
Natur &l.i £eodbm t he environment haidé&debgereene g
temperatures in(pPeeahneus 26elb yadde2 1a,e tlashi i
200,6)but have not determined the heat tol
previous work indicates this approach 1is
which grow wel |I( Kaotr adj4k.i5c daengdr ,eHeasre eBno chggo R 0 1
from-emonronment al host sources contamina

from this methodol ogy.

4. 6 Conclusions

The variation in virulence and AMR genes

l i neages on the phylogenetic tree sugges!

exposed to Ea «arhieemtgyesofwi th di fferent | ev
satisfactory CFU an(dUKVMPHNe d letvhe | Sse counr jftoyohdé g
number of cells required to cauke tctcaoafect.i
(Kot hary and Blaobuw,ev2d®lp) the current safe
i sol ate approach for surveillance i s nee:i

work needs to assess contamination at t hi
scale and across mbbodpl mpormat ponnaedag]
A One Heal tthhetpmpssadarma hfeqod processing er
and hutmlats i nteracts withisnesbBes¢ei ahvioor
under st anmddivreg Etiiegoht ami nati on.
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pul aEi onobfaminating samples that are |
umer ation methods. This provides an i n
Hitsiol ate approaches are therefore neces
ntaminating retail foods.

this chapter indicates, the contamina
terogeneousEpowhl ahios bifkely an indi c:
ntamination points orE.t htedb h enat g eosd uactt i come
e to the nature of this dataset, it 1is
st Bf ,tbkhen they were contaminated anda
rvive and thrive on retail foods. As ¢t
ternal factors which may influence the
doltectly isolated from host s.
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Chaptdé&vabuati-ageche ecoml |
occurrence within human:

dogs cohabi toiwmg nign hdag e

Chapter conDesbgnhiohsoriginal survey and

0

by Menezes, J., Pomba, C., Frosini, S. M.,

bet ween the University of Lisbon and the
e

growth, detecti onE.anaelties odaonea obny oAs ttohreg a,

S.M.; Scripts, code, and bioinformatic al
were discussed with Tiwari, S. K., and Sa\
and de Oliveira Martins, Lstudyhewagye ndimec
Astorga, G., Tiwari, S.K., and Savva, G.;
Singh, D., Wain, J., Bl oomfield, S.J., S:
Martins, L. all discussed the work.

Publicadabhienchapter i s being prepared for

genome comparative abBsadlyesi isc wihcacwsrorllginnciet em

cehabiting humans and dogso for BMC Genom
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5.1 I ntroducti on:

E. tela common gut coloniser and the hum:
harbour a mixture of differebBt ¢(HFpetsemof |
Nyar ko and Pal ledan,,all2902@n e Sreautse of exposu
the environment, such as food as discuss:
al so be eEK.potseebdmtswources | i ke companion a
har bBb.uraoldi can then be shar e(dMukhtrijcaulzy;h2 Z) c
This may also be true for the reaesvsaciegt ead
E. tobheages to appear (iPno nebdammd2n0i0dne taErvaenn.asl
201.0)

The most popular companion ani mal I n the
(Andeesoal20@a&Bni s | upus Ifnanmihlei abKi st her e i s
13.5 million dogs kept as pets,( UK thhet3 6 %

Food, .202h4e) proximity within househol ds a
E. sbhring -tasmmrdm| ®onlgoni sati macwkaesi nRAKE&HE 0 e C
anal §y3okmrestoml2008, Johnson and Clabots, 2

Humans and companion dogs can bé&.aawymhpt ol
det er mi ned nbayci edetnrtRiFG&El ornesul t s, AMR phen
genotfyNe=xsitr,ial2016, e$t,al2s0k0eH) gher resol uti c
studies have fur tkEh.erpoibkdseenntti fiine dh usmamisl aarn d
dogs with AMR genes ofspecnc elmn diledtadzs e xg e
( Menegtesal2023, evienxelz@22, v aent ,daelh0 BQ,nettCo z m
al . 202MLST and phylogeographic ahvekérga
transmission between I Namait r,&ar2d0 2c2a, n ¢ Jnoehanhsoo
2022)

l denti fication of bacteri al transmission
term sharing (unknown directionality) beit
thorough epi demi ol esgeicctalondaadt as.t uFda re sc, r gpsost
or rsihmg cannot be definitively nohat+ominec
rest rRFEGHE oindendddurerdecame bet we e n( Haurn@adnas a
al . 2012, e$t, a0k et NaRi0rli6)

NOP



Lower r emadiud g o ®PtFiG&En approaches have 1 den
si mElL abet ween humans and dogs within hou
are not as discriminatory as WGS. Whil st
E. celairriage in humans and dogs, there h
AMR phenoMgpeastesal2023, v aent ,daelh0 BQ,nettCpalma
202.2)Thi s selective approaEh dometsithean
possi wmlceucoaence between hosts. Additiona

of both humans and companH.onwbatnh mfaMR. as

5.2 Aims and objectives

The objectives for this chapter were to:

I )l nvestigate iH. pcuelaituwvwewrctbnal di fferert
dataset .

iiUse comparative genomics to idenEi fy

coilsol ated from different host s.

i ilidenti fy AMR det eirmtiensatnitnsa la npda tehxatgrean i ¢

virulence factors within the dataset.

i VAssess the risk to humans arEd dcwods fr

NOZX



5.3 Materials and met hods

5.3.1 Human and companion dog study popul

Faecal samples were collected foll owing
enrol ment as part of a previous longitud]
(RvC), Hertfordshire, UK in coll aborati ol

Research HeaAnhmaFaculty of Veterinary Me
Li sbon, (Pwernteageaslal202 &Y hi cal approval was
RVC6és Clinical Resear ch EtURINC 210 1R2 Mi765v0 B ¢

This previous longitudinal study include:
and at | east one companion dog I|living in
sampling. Al human participants consent ¢

epi demi ol ogiaciarle quwaess tciooompnl et ed by human n
housefpbédegtesalRO2&pmpani on anasmabkoabhedl L
veterinary professionals supplemented by
( Meneegtesal2023)

5.3.2 Sample collection and processing
Human and ani mal faecal samples were col |
provided by the RVC. Human f aeces were cC:¢

papdgrAd pha Laboratories Ltd, UK), transfe

directlyiiletplastic containers. Partial
ground were transferred into sterile pla:
sample was stored in 0.9% NacCl (Merck, G

Al drich, USA) imathroB8e RAWLC bi obank

Prior to growth, faecal samples were def
enriched in a 1:1 ratio of buffered pept
i ncubated at 37 AC for 18N4 h. All subse:«

for 18N41®.sé&rial dilution was pee¢elfooafmed
each dilution was plG&tuecdu roonniTdrey p(tToBhxe) Baigl a

Basingstoke, UK) and incubated.
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Up to eight colonies with different morpl

The t E¥pi cma@abk phology is a clear circular ¢
col ony. Mor phol ogies that consistently e
vi brant, but stil/l bl ue/ green sheen; or
sheen; @n raudanm cholluen/ygrweietenh saheen wer e al

The presk.mpdolvieni es on a plate were strec

agar (Thermo Fisher Scientific, Basingst
bi ochemically confErmedl ag presgmptiveeSi |
agar (-Ali gmiac h, Haverhill, UK) and positi\
(Fisher Scientific, Loughborough, UK). B i
streaked oHiotMnehfger and incsbatadspet bl
swabs (Scientific Laboratory Supplies, N
Quadram Institute Bioscience. There, eacl

agar (Trafalgar Scientamédi e &t drled Lied ciefd 0
Brucella broth +17.5% gl ycerol (Ther mo Fi

A household would be termed ficompl eteo ai

following inclusion criteria:

a) There was at | east one healthy human
cohabiting.

b) Faecal samples were available from t
humans and dogs within the same hous

c) There was @t. Icesdbsitatoende from one healt

healthy dog in a househol d.

Onley ¢tobm complete households were used
Met adat &. f poobkaltli ve hosts from complete h

and used for this study.

5.3.3 Whole genome sequencing, quality ¢

'l umina short read whole genome sequenc.i
previousl|l y SdeecstcirainbR2us3i nwhol e genomeEseque
codol onies are referred to as genomes. Ge

the -Aeghor mance Computing (HPC) cluster .

NOY



I nstitutes on a Quadr a@LOUBtViut eaBi Bach:i
contr ol metrics are described in chapter

5. 3.4 pwlyil ogroup, sequence typing, and ph

E. gehbme assemblies wer e cdrmssesqgu e necde itnytp
(SYsas sBetedonuwRcl4dasi fied STs were furt
matching novel STs by i denadfym@griBendi que
mdhpur AarnedpA of i |l es provi ded( App darhdi XMLIS)T o
Serogroups were determined using ECtyper

assemilBessehouanl2021)

As outlined in chapgtkdrotZ,] Rmydl ddmitubo ldve. fla. 2«
settings was used to estimate tle pmghyliog
assemblies. A dendrogram was (eSsitmoneasteeadl .u ¢
2008nd was visual i s(eRd Qosrien gT eRa nv,. 42 012. 23)

535Anti microbi al resi stance determinants

The presence of AMR genes, plasmid repl i
determined usi ngHA&Rit BaARRZ &l Z2)hl 4d.ed ault sett
tri mmed r eads.( BlohreteoR easifaQRIDg s mi d(FC anrdeetrt ol i
Hasman,, 28R2® ) VFDB (virulenceLdtacdald02ddpt at
dat abases were downloaded in May 2023. K|
AMR were identified using PointFinder (p
20248 tpos:/ / github. comligankeairaealRdd/7poi nt f i

AMR genes and point mutations are coll eci
AMR determinants were categorised into t|
Comprehensive Antibiotic RéMziAsdthwal@OD3) al
The AMR determinants were classified by
Worl d Health Org@Worzlad i demalstch e@reQle i zrait ti &
to cl ad<fsi faypdtileent i al-r emsi st dnag ( MDRs) dtnatte
I decti on. 2. 4. 3

E. gehbmes classified as the same ST witl
combination (ter med AMR (g entoetrynpeeds )il rf€mpol m ce
identify total counnteploif c AtM&Rs d e ™\ nric e @A a e

NO®


https://github.com/guthrielab/pointfinder

Rank Sum Test was used to investigate if
i E. dboffered between host species.

E . tebl ates were characterised as extrail
according to the rSegeutiircenme2n.tds. 3stated i n

536Pairwise SNP analysis

E. &ds$iof interest for pairwise SNR anal

based approach via two ways:

acenomes classified as the same ST that

dogs in this dataset were selected.

b) A core gene alignment wag Pamgdeagtadd 1bgi n
where core genes were defined as genes p
mi ni mum percent i1identity to cluster homol
SNP differences were calculated using SNI
(https://github.-¢dioyt/ § Germmasn/ shapt wer e i d
same ST; b) |l ess than five SNPs different

approach; and c¢) present in different ho:

E. gehobomes from the highlighted STs by ¢t
into their respective ST classifications.
chosen using Ref er(ehcchevsecretkeera £ Ga2ndl .t &:r.e0 b ac
Ref Skkagt abase (downl oadéo©dLéanwnirOyl G2n0e2 4)

reference that was chosen for each ST wa:

a present as a possible reference for th

b) the highest average nucleotide identit
c) |l owest average MASH distance.
Reads from each ST of interest were aligl

using Sni p(pSye evma dn. (6T2B8MIL L) Gubbi €r suecti e .
al . 20a4s) used to remove SNPs attributed t
alignments. The pairwise SNP di-dif=®trenw.els.
(Seemannal2021)

NIMM


https://github.com/tseemann/snp-dists

Tabbk Reference sequence type used t

Sequence type Genbank Accession

ST10 GCF_900636145.
ST101 GCF_001900815.
ST1079 GCF_000468515.
ST1193 GCF_019443685.
ST12 GCF_010706435.
ST131 GCF_026651285.
ST141 GCF_016889685.
ST164 GCF_020683245.
ST1800 GCF_020683145.
ST2163 GCF_904842665.
ST372 GCF_023658365.

The threshold to determine the closely r
five SNPs, as this is the UKHSA threshol ¢
E. ©O0ab@Mi kehtajdlRO1&enomes with O five SNPs
combination of AMR determinants were def|
presence &f pmwtbanteisvevi thin different host

occurrence.

Genomes t hat were the same ST, had t he sc:
resistance determinants, reacedmbeman® SINPes
were | abelled as identical. A single repi

chosen to pepatsemld.t chelnra.l

FimH | el es were determined using Fimtyper
Epidemi ol ogy C&€GtEgr sfeoaveGerfomi acEpsdetti ol
25/ 06/ (2PRaxsr), al2017)

537Genome wide association analysis

The genome wide association analyses (GW,
and gene -pbeseoceeapproach to identify ger
N M N


https://www.genomicepidemiology.org/services/

using PyseétLeemts, a2B®1B8BhHhe GWAS was perforn
dataset using two approaches:

1)Unitig approach

Unitigs were call ed f roar laers(eMoblllli8ys0O aunsdi nM
201.9)Unitigs associated with the host phe
using a |linear mixed moldrem njddvweM)wasp pirsoead |
di stances parameter and a distance matri:
for popul atei,om gtovacti wate matri x consi sti
was used as icopati Aabestparameter and acc

a potential confounding factor.
2)Gene presence and absence approach

Roary v(Pagkt2allOMas) used to for mlhasagreane p
matrix using previously stated parameter:
genome, a |l ogistic regression model was

their presence and host-l ifhviduagagh .@ rT oD ocgo)r rue

popul ation structure, patristic distance:
phyl ogeny distance.py script; the idistan:i
di stances parameter. The maxi mum number ¢

the Pyseer v.1.3.10 scree_plot _pyseer com
was selected asmadreeenssong pheameter ac
devel oper recommendations. A covariate mé

i nformation was uicsewaraisati e upg arfame ttere.

The threshold for significantly associ at

both approachédesutijpbttPyseepar ameter was |
separate files with hashes corresponding
pattern of ndaemchnigteing.aUsing the Pyseer
script, the number of unique patterns wa:
Bonferroni correction was applied to det
unitigs and genes, sebachtwewby €tarcuhat ewo
dividing 0.05 by the respective total nul
are considered significantdvpal aesoair at ¢ o wi

the respect rcvoer rBeocntfeedr rsoimginih édlidc.ance th

NTT=



To assess the confidence in the GWAS r1 es.!
the unitig and the gene presence and abs:
10 datasets where the host phenotype (hul
genome was rdneaml iy hehihfost phenotype ass
genome was randomi sed with replacement u:
the number of genomes was kept consi steni

anal ysed using the same parameters as t h

The candidate hypothetical proteins cl as:
both approaches were queried against the
19/ 09/ 2024] wusi ng( MBILIASETHPa It 9na A Jh6 .dleH aul t

parameters.

538Putative plasmid contigs

Putative plasmid contigs were predi ctodd |
species model. Contigs with a plasmid vo
AMR genes found on these putative pl asmi
v.0.7 using default settings witHR20OH8 Re:
dat abase.

NTTO



54Resul t s

From the initial 56 households, 10 housel
not healthy. Additionally, two househol ds
species and were therefore not analysed.
one human eaamrsd @thne companion dog | iving i

for this study.

I n total, 24 households were termed ficomj
31) and at | east one dodgE.(rmox boph¥®) walse Ire C:
(Fi golr)e BOBnltyobm compl ete househol ds were
Al l households had completed human and d:
had no case enrol ment data. Al human an:¢
ti mepoint (T1/TO0), lexanaptl 2f awvheheu oeah gl & a
timepoint 3 from both huBanwakhidr dogv evee @
58/ 92 (63.0%) Eof walsli cuadmpulravl e from 43/ 5
samples and 31/48 (64. &%) tobmdec mpamplee s

househol ds were used for downstream anal

NI



g

I 1
‘IL: ? b
.
E. coli E. coli
Human Dog positive negative Household
sample sample

No E. colirecovered Complete household E. colirecovery
J HH 017 L J HH 020 L JHHUEZ L J HH 037 L J HH 042 |_ ’I HH 052 | [ 1007 L J HH 011 |_ J HH 012 L JHH013 L ,l HH 023 L JHH026 L
i I 7] ;‘H‘ ‘hqr B P ﬂ‘mr ﬂmr:

_IHHoaoI_ ‘_IHHDEH L J HH033L J HHM?L JHHMQ J_ ’] HH 053 |__I
B iR iBeri P fowrif o

- -

Partial household E. colirecovery

JHH018 L J HH 032 L J HH 035 |_ ‘_I HHOESI_ ::
i@w:’ﬁ‘w @‘n-r"rhql‘rr. Mo

,||-|H003 l_ 'j HH 006 L JHHD1D |_ ,[ HH01BI_ '!HHD46J_ m
‘E ‘H‘H“’ 'ﬁ‘ _____ T _}F:?i: M i A e 'Mrr-.‘M‘n-r.

!,[ HH 005 L J HH 019 L J HH 014 L J HH 002 L 4 HH 015 |_,| HH 027 L‘ J HH 038 L ,l HH 044 |_ ,j HH 045 L J HH 001 |_ J-;ﬁ:;o;-l_
B0 D i i R BT AeTiiher el

Figwblea. aelciovery from faecal -oswanmpnlge sh ofursocenm od 4 sdogepar ated by
presence and complete househol ds, wher e&.atc @lcaoavsetr eodn ef rhounmatnh eain

collected faecal sampl es. Househol ds ar &€. d @mwdsti ed vbey fdacetctad d slair
represented by the presence of colour.
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54. 1 Metadata anal ysi s

Al l humans from complete households were
21) above 40 years old. AlIl companion dog¢
met adata and signal ment except for one di

data avail ableanged dogmageght months to
mont hs (median = seven years and nine mol
from 5kg to 35kg (median = 14.5kg), 50. 0

were femal e.

Only three companion dogodewelr agind a abui noet nitces
the last 12 months, and none used antibi
four companion dogs were hospitalised or

dogs from complete households had adeess

commercial foods, each uniquely suppl eme]
made meals, and raw meat treats. | nEthis
coprnesent in either humans, or comp&ni on
copriesent in only one host species.

54. 2 Phyl ogroups and STs

I n totEl ,ge2zhloimes were included in this st
four predominamB2 gRBYlL 8§DoumBd (23.5%), A
(14. 3%) 5FiApupregn.d iPXhy7l ogroup F, cryptic cl
V were also identified in this dataset.
E. gehbmes from both host species. This ¢
STs and oné Appeald, SThe M@B9gst common cl assi

ST131 (10.6%, n genomes = 23). Il ndi vi dual
harboured multiple different STs. A maxir
i ndi vidual humans, whereas a maikiomm of |

individual 5dagWi(thabnl e& his study, nine ST
humans an&éT@468, ST101, ST12, STUPL, ST37.
ST1800, and S531)6.4 (Figure

NIMZ
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Tabb2 UniEQueselguence types (STs) 1 den
from humans and their companion dogs
Househ Host Number of i so Uni que

D1 4 961
HH 00

H1 4 8125

D1 4 144278

H1 5 69
HH 00

H2 4 3759

D1 4 3576
HH 00

H1 4 141

H?2 4 14635

D1 5 64 Novel
HH 00

H1 4 141

D1 4 857820
HH 00

H1 4 38

D1 3 2163
HH 01 H1 4 5944209

H?2 1 362

D1 1 101
HH 01

H1 4 904,079

D1 4 25388%.25
HH 01

H1 4 710

D1 6 399075
HH 01

H1 6 95

NMY



Tabb2
from humans

UniEQuese®lgiuence

and their

types

(STs) i1 den
compani on dogs

Househ Host Number Uni que
D1 4 12
HH 01 H1 4 9265
H?2 5 1273
D1 1 61614
HH 02
H1 3 10372
D1 3 10B49
HH 02
H1 6 131
D1 3 734B347
HH 03
H1 2 372014
D1 4 10
HH 03
H1 5 5295
D1 3 12
HH 03
H1 4 534%5
D1 4 106
HH 03 D2 4 255801
H1 4 1070
D1 4 372,079
D2 4 10
HH 04 D3 4 107D64
54231642,
H1 5
163
HH 04 D1 4 7236

NTT®



Tabb2 UniEQueselguence types (STs) 1 den
from humans their companion dogs
Househ Host Number Uni que
H1 4 131
H3 2 101,800
D1 4 94231
HH 014 H1 4 34
H2 2 69
D1 4 101
HH 04
H1 3 131
D1 2 131
HH 04
H1 2 1198B31
H?2 4 1193
HH 04 D1 3 1800
H1 4 73
HH 05 D1 4 5415
H1 4 58
D1 4 13B,72
HH 05
H1 4 13D,63

NP M



Dog Human

961, 1442, 978, 3576,
642, Novel6, 8573, 720,
2538, 589, 5254, 399,

7075, 6164, 349, 7345,
7347,106, 7236,
942, 5415,2559

Fi gwbBe Venn diagram of al/l mul til ocBtus seq
cobenomes isolated humans and their comp:
househol ds, separated by host species.

54. 3 Genome wide association study

The Bonterreoated significance t hrlesWbmiltdi d
GWAS analysis identified 142 wunitigs ass:«
mapped to 45 genes and contig | Ds. Il n t hi
humans and 14 contig | Ds associated with
annotqaemaehpped)di x

The Bonéterreated significance threshol d
absence approach wdae HYenx: pwrkG&ence and a
i dent4iedliwesdt er s of orthologous genest8assoc
associated wiApmpa®Wwdyi host s

Using results from both the gene presenc:
approach, one gene was identified as si gl
both methods. The human associated gene \
i denti fiende dsD tEHCR2BPEL4329| TraQ and mapped
hypot heti cal pr ot e54n) .g rTohuep d4a8tla3ds e(tFsi gwhreer e

NPN



phenotype (human vs dog) associated with
no significantly associated unitigs or g
®EC23D1-012-1_04906
.
)
t—i 10+ Detection approach
? 1 * unitig
o “ unitig & gene presence and absence
S
-
g'l' Number of Unitigs
- ® 25
£ ™ Eczsm-aﬂtmazs ® 5o
= EC23D1-001-1_02244 . 7.5
E 94 EC23D1-007-1_02243 . 10.0
x !
S ®EC23D1-003-1_04836 FC23D1°9161.04329
EC23D1-003-2_0346
EC23D1-003-2_034625 traD KIcA
EC23D1-003-2 03450 EC23D1-009-1_01060
EC23D1-003-2_03458", EC23D1-016-1_04338
EC23D1-012-1_05009 E023D1-D16-1_0433%502301-016-1_04335
81EC23D1-012-1_04878 traC 2 EC23D1-003-2_03451
EC23D1-001-1_04800 @ ra
-KkilR -
. |
E023D1—0‘|2-2_025.\ﬂu_2 yP ECZSDJ-001-1_O4?06
EC23D1-001-1_04881*EC23D1-001-1_02244 NA. ! AT |
g ECaiDy o ot EC23D1-003:1_04759 EC23H2-016 1.05231
/ 23[31_00{1_022‘3/E023D1—001—1_04800 LT yeeR
era_. EC23D1-001-1_04799 traR_2 ’
7{EC23D1-007-2_04580
II.U l'."l.t '.JI.L'I '.l!ia 1 !U
Average effect size (beta)
Figwbde The genome wide association showin
genes that wunitigs associated with host
indicates the average effect size (beta)
i ndi cates an association d ovdluumanisndianat s
association to dogs. The size of the bubl
significant un-merg$ mhapbehhbednko the gen
significantly associated with a host wusi

COG presenceemane approachgrmeencol oured

BLAS@nalysis identified a 100% query coOVi

value-l1830)lesimil arFA tcyomwiughatai vtey pter ansfer s

NP =



t hidolsul phi de | sTornpeBr(aascec egsesnieon number : WP _
The human associated hypot hEe.t i geaH o mpea s tferia
humans (n genomes = 41; n samples = 13)
= %E).. gehbmes with the group 4813 gene we

and D 65%) gure

Q.
=3
o
g
s z
o Host
0.003 Q B Dog
—_— . .Human
—
e
group_4813 Present
- * group_4813
I
I . Phylogroup
=< 2 E
[
B1
[
—im iy B-
r- cladelll
!= cladeV
[ .D
I F
| .
| g—-
Fi gwbbhehyl onium midpoint rooted phyl ogene
212. agelniomes i solated humans and their <c
households, with a tree scale estimating
site. The host species (left column) p h

Genomes with the human abspcoaéeied hyg’)odhl
group 4813, are identified by red dots ai

54. 4 Antimicrobi al resi stance deter mi nant

I n this chapterkE. 48e BoMimeod (trhege&noames = 10
|l east one AMR Adepteenr@dnilin &b8it x sampl es cont ai

NP O



that belonged to the same ST but had di f
three unique AMR genotypes were identifi
ST7EQ0 .coAimaxi mum of two unique AMR gceonloit
from two dog samples where more than one
ST ( Ta.h3 e

Four sammltel.negehbmessi gnede tsaa me diSfTE ewiitnhg
AMR genot ppesipdanstmii dagrreopflEiCea3@@ 1 BST hxa)d

t wo AMR genotypes, but four different <col
5. ZSampE€23HDPEST1l41agchmamado AMR deter mi na
det ectde ch nagtehneormie b hTeEM Bt, et @aBYd , f our extra p
repl irecdmdgo wehleer Gadiché€abl e 5. 3)

Tabb%x Tabl e of samgl ed odoins ptlhaey isnagne s
classified as the same ST wand pliddmi
replicons.

Sampl e ST AMR genot’ Plasmid sepl

No AMR det e
EC23DB1 ST1( Col RNAI , |l nc FI
23S r. 203 Il ncFI 1 _pHN?7Y

gyr A p. D8 _
EC23DB: ST1: No plasmid r

No AMR det e detected

aad Aala, d Aa2p,h _
___bBbh_6Dblle
EM_18ml AX,r A

1 sRiIs2u,lt 32,t |
EC23H1:2ST71
aad Aala,d Aa2p,h _

__bBpbh_6Dblls
EM_ 1d@f r All2cF
ul Qult3e,t _A

NPT



a ad Aala, d AaZp,h _
__ _Bbh_6nDblls
EM_18ml AL ,r A

1 sRIIt3e,t
Col _MG828, C
I ncB_O_K_Z
aph_3_ Il ncFI B_APO0OO0O19
aph_6__1d, pO0111
Col _MG828,
EC23H1: STO9! Il ncFI B_APO0OO0O19
p0111
Il ncFI B_APOO19
p0111
No AMR det e IncB_O K _Z

I ncFI B_APO0O109

p0111
No AMR det e
EC23H5¢ST96 l ncFI A_HI 1, |1
23S r. 203; Il ncFI |l _pHNZY

No AMR det e Col MG828

EC238DcST14 Col _MG828, Col
bl aTEM_18B, Il ncFI A_pBK3(

Il ncFI B_pB1l7

|l ncFI1 | p RSB

Within this colEecdelmmme838f(dm. Bdnans ( 3]
13 samples) and dogs (seven genomes from
mu kdtriug resi stance genotypes.

Virulence gene amatxgses revehi edcaolkelasesct i
fimbriae gene waEk. igleenoimefsi efdr omémm tthweo s a me

genomes across eight samples (n human sal
classified as putative ExXPEC. These genol
= 5), ST9265 (n = 4), and ST73ffoom= 2). .

NPP



phyl ogroup B2, and ST9265 from phyl ogr ou|
EXPEC were from different househol ds.

54. 5 -coocurrence within and between househ:q

E. gehbmes classified as the same ST, sat
t he same sammoeresdguleti ng I CAPRelylind mes 92
E. gehbmes were investi gk.t ecdeol€io ur p @ hUssé snvgt
the UKHSA five SNP threks.hoclodl hfeor aeleomall 8¢
occurrences. -®¢cuhesmrcds8, coi ve were withi
these fiveccuhrerce® in HHO0O44 (ST164), H

(ST131) were between different host speci

Two -occocurrences in different humans in th
HHOO6 (ST141) and HHO048 (ST1193). -There \
househalcdtucoaences. Furthermorehoesghol| of

occurrences waeatrfednelr ehtonsetesn s poebri es ( Fi gur e

NP Z



1800

141

Host

O Dog 2163
2 Human

Household 1193

@ 006

@ 010

& 012

2016

& 026 164
@ 038

O 044 |
045 101
@ 048

@ 049

© 056 L

{

131

Fi gwbbe Separated networkE. opoleseati va di ¢
hosts ubdatgas etE.ofgatio melser e replicates we
removieedom t he oIEIL gicwédoll a2led humans and t he
dogs from 24 househol d&€. Tled puwnrenve Tt
humans (circles) and companion dogs (sSqu:
l inked by grey lines if there is a five
di fference between genomes. Nodes are col
grouped by ST.

ST11-0OB5: H5 wiitehd tahleloeclcauracce d bet ween t wo h
HHO48 and harboured 11 identical AMR det ¢
seven different BN& cSHalsBslersS (wWiatdiHatlhleel e

occurred in five hosts across HHOA48, HHO
i denti cal AMR determinants which were cl ¢
5.)4

NPT



Tabb4e ©OWacurEi ngelguence types (STs)
samples from humans and their compa
resi stance (AMR) determinants. AMR
AMR cl asses.

Co
_ AMR deter min AMR cl asse
occurri
aph_3__ I b Aminogl yco-si
aph_6bllad,EM_1 | actTaam,met ho
ST119: dfr Adp7h,_A, teul . Macr ol i de
gy rpA S8BULIPA DB8pF &I Sul fondmtdacy
Cp. S8alrpe L4 16 Qui nol one
aac_3 bllaTdEMpdM®E Ami nogl yBeotsa
ST131 - T p.drp g.y
| 5291L | actQum,nol o
Across these 92 genomes, the quinolone r

mutations was the most abundant AMR det el

aminoglycoside resistance group waskE.t he |

coilsol ated from human samples (n = 36/92)
classified into nine different antimicrol
priority critically important antimicrobi

anti mi crgo kril aals sckersu  and four highl y7i)mport

E. €obm human samples had more AMR deter:
th&n ©tceblated from dog samples (median =
Sum Test showed a statistically significezé
determinants bebwaeed from dogs and huma

NPY



Aminog. Amph. Beta-lactam Mac. Oxa. Quinolone Sul Tetrac. Trimethoprim

Bog

10 |
II WHO classification
Ol. 1 | | N .- . cia

HiA

30 | IGE

Percentage relative to host (%)

=
z
2
3
=
. I I I
Jin. == = | El-mnlnl
............. — e |
T~ NAOOT Oy NOOLHMm M ZAFSEFEJdL®~ ~NOM LM — N M~ N~©
ELLEEE @xT LRI O 29 DR Shasan 553 8 IS =LE
3382 | | T2 2200 g€ HF S22 0HQN0E 323 35 e<IIE=E
wd8E |9 65 Z2FFE= 5E ay 00B0GR=RYEE 22 ©5EETOT
| @ Q [TERTT] 08 52907 aa3 0
g ity SE8GS 88 c2geQuuw,,
© il [S Bl -t ~- 55> 8G8 =
® @ n® 2o g8
o o 0
oy ™
AMR determinants

F i g Wwbi7:€The distribution and percentage of antimicrobial resistance

(AMR) determinants across 92 E. coli genomes ( replicates were removed on
the basis of the same ST, same AMR genotype, and found within the same
sample). AMR determinants are classified into their respective antimicrobial
class: aminoglycosides (Aminog.), amphenicols (Amph.), beta -lactams,
oxazolidinones (Oxa.), macrolides ( Mac.), quinolones, sulphonamides (Sul.),
tetracyclines (Tetrac.), and trimethoprim. Antimicrobial classes are classified
as Highly Important (HIA), Critically Important (CIA), and Highest Priority
Critically Important (HPCIA) according to the WHO Medically Important
Antimicrobials List (WHO MIA List). E. coli from humans (n = 50) and
companion dogs (n = 42) are separated.

54. 6 Putative plasmid contigs

The two unitig sequences associated with

gene, group 4813, were found within 22

genomes belongings.}Jj0 ©O©f xt B&d&se( Z&blge nomes,

hypot hetical gene, group 4813. Pl asmid

present were found in five ST12 genomes

human and companion dog. Oneaohumhaseaspl

had a 68, 569bp putative pdsasondidatcedturmgi twi

as antimicrobialt 8t abidasismnce genes

Tabb®E. agelniomes within this dataset wi
present in plasmid contigs separated b
Sequence E. gelniomes frao E. ge®lniomes f

with human as humans with

NP ®



unitigs presenassociated

conti gs

n

pl asmid

uni

(

ST12 3 2
ST131 0 7
ST34 0 1
ST69 0 1
ST73 0 3
ST8125 0 1

NZM



55Di scussion

55.1 Limitedddcurrence

The i mithedswehwlhcdtruco ences in our study (
consistent with prevacaestirBRéE omppobactihae:
whi ch r eposrpteecdi -ecsr cocsosr e nT.e&% i anf 4househol ds
1/ 25 househol ds; 8. 82%, 3/ 34 h o(uSsteehrodl kdes ;
al . 2009 et NaRiOrli6, eHaalk04a3) mil arly, previo
l i mi t e dd ohgu ntamoescsi es ¢ | on aplr cEAISUEELI /n&gmp €
occurrences iI8iL /B @fOhDWS ehol ds (0. 909 %,
8. 70%, 2/ 23 househol ds) usinm@gns dkeatc Bauln.é
2020, TRwaredas ,al2026B) prospective longitudi
t wo asmiumaihn pairs (2/ 59 -ohcocuusrerhiongd cE SIEBi t dn
co(l Menegtesal2023n that |l ongitudinatlersmudy,
ESBhr oduE.i ngatri age and subsequent presen
suggesting potef(Meakagtesald8mMBpesondi ng to
and previ ouskE.wocelcicatrbpente bet ween dogs

l'i mited

Within clinical settings, |l ongitudinal d:
establish a 17 SNP threshol d Liuddieaatli.ng |
202.1)As this chapt esrecdteisocrra lb esst uvad yc,r oists i1 s
SNP accumul ation rates and SNP threshol d:
transmission between humans and dogs i s |
requi re afettelctdEi.vatnbeheage i n each host actr

ti mepoints.

't i s also i mporEtarcte btl catteask ewhnewnl tiinpvleest i g
cl onalccawmorence between hosts, as this ch
have multiple different STs. Previous wor

i dentified when 16 col oni esamp@®to ¢tests,caeld |
201&nd up to eight STs within a human whe
(Luddenal202Thi shonsitt heile.hi&BPi vari ati on ha
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been observed f(orudbdeetnha I2h0a2nid)n d cHgpsed r, a |
2023)

The ST variation may be because these ST
host, wlBerkolmage colonised the host, anc
within the gut. AlternativEel y8d)diddwlrenle
i ntroduced to the host through an extern:
i n chapter 4 of this thesis, food mBy be
cobel onging to the same ST. Furthermore,
as a risk.fasotmd afroty bet weé¢ Naawm éarl2sO 1a6n)d
There is also the poEssichiilltihtey gtuhta tc otuh ed dal
the intrd&ductibon amf external source and S
routes of transmission could be equally |
hi ghlighting the complexity of potenti al

society.

55. 2 A stringent genome wide association

associated with human host s

A stringent approacbruethgdagepnpméawi da :
showed t haR ctohnej ugyaptei ve transfer-dsgst emip
i somermMadd gene was aEfsocaciedtl ad ewi tfir om h u ma
t hidolsul phi de i somerase genes mediate di s
generating na(sBEekaendamtendsF|l aumbabaft hi @

di sul phi de I somer ases -tarraen stlyaptiicoanl Inyo duisfeidc
Tra@repilin peptigade)n t{dDupeatrpyal@hl Phes

pilin can polymerise and fdtmemiFH Coettat r .
al . 201@hpisl Fs i s useful for conjugation ¢

bet weenné&gammi ve( Bactkewshi2023I hi s gene i s
found on (pPlaa skneivwssail2 (a2n3d) i s supported by t
these fasmaci ated untigs on plasmid cont.i
conjugation process is central for the s
genes, and can ppe(lFatckheéewslaikd@3by F

Thblrame n this chapter was identified on
the human associ at edbluamisAMR dcetqaremicrean il he

NZ =



resi stances to penicil |l iInacatnadmse xw heennd eedx psr|
and can be both chrofméaoammlgaR02&§bist ihuanal
associated gene (in this study) was ideni

phyl ogroups, STs, within both humans and

plasmid contigs, suggesting possible acqgl
However, the association of this gene to
caution. There -magi deeeal epadtaisam dpr ocess oc
antibiotic use may be indirectly selecti
det er mi nainansal IAWd,ditthe association of this
necessarily mean that this is a result of
has a | imited sample size, further work |
i dentify the fgetnheirsalfiisnacdiing toyn oa | arger s
55, . daoloim humans in this dataset 1S mor €

determinant s

The. teblated from humans harboured more
dogs. Our study suggests that the compani
necessarily be a major AMR risk to their

har bpb.urwot h AMR and present a risk 40 the
medi ated risk corroborates with pEevcols
subcl one carriage was i ddgrRtoidfriieeds @adsn0 Théu)ma |
and the subsequent emergenceEofchihieeal agec
identified in d®Befgargiad2n0 1a8n)i mal s

AMR genotype variation withi nindiec staame tSh
same ST does not indi daeeprbeesameocAMRIUL I
replicon profiles across ¢ tmeoslaemeo fs amopbliel
genetic el ementEs ipropsuH apgiimgn tolhesemawed awidt
dogBi.f ferences in pl asad Wr riemd fweiotnhngr a MR
within thmeayabne bBdogi tca | processes | ike he
transfer .t hHswevvaaary,ad i 9 0 Dleorrcttaed tsequenci ng
and fragmented assemblies arwhuincdh rfegielt itto
pl asmi daiandmolielteecgene(loar ake meat0s2 1)

Converlbelyameé AMR genotype with differing

NZO



suggestsemMRadet er mi nants in this work ma)
medi atd@this i s evident SylritOh & ommidnti nmustaarnp
O3WwWhich pbhowAsAMRan arise independently of

genetic el ement s.

Within the same sample, the same ST coul

The overall presencae ohiputhapver EWRECI i
crosesctional design prevents inferring tr
the | ow prevalpeorsdd i ovfe BExafmpC es suggests t
are | ow (n human sampl es uf e;cen geoge swampl
revealsetdxenes in this colelaed tmban ,aeh gweeawee rw

denti fiEed giembotmese from the same dog samp

suggests that this Bentolhmshdalemnhy odaogs, |
ani mals have been highli glEt.edvbd s g dti esntgie:
(Hol Eandll999 ,etKraR66Furthermore, studies
or humans are reservoirs of EXPEC which |
( Dambetr gal2009, Eleatn,kau2na2 Hmwever, the samp
chapter showed no evideomceunifempue alt e tvwee &
humans.

Putative MDR ST13dc awumrdr &dl 1hdtB3wee®n di ffere
dataset. -Ohé: &H1iitAalM tahlel el e | i neage i den
cemccurred across host species and bet wee
previously deAcoali(dMeed sSa@tu3&l201and has bee
identified in both human cligbDakhi, @d0elsA,
Ki dselte,yal2.0.20lbnp addi tQ705n:,H5S Twlilt6h@ tahlel el e ha
hi ghlighted as an emerging (¢/lad lealzlay2 0dl 9s,s
Johnsotnal01l9n our s-ODdByHS5SWiii@MB tahlet el e c
occurred between two humans within the s
shown presence in bo¢tlbhhsmanxs0 lan)d dogs

Both ST131 and ST1193 hav-ei bkeal bngé ) i ght
cause urinary and b(lPoioedtsutta 2@am2ghnsélkecctci ones:
defined as globally spread, possessing V.

persist and colonise a host for at | east
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i ncreased pathogenicity, and(Pateéatasever
202.2)As thi seictiamncarlosgsenomi ¢ study, the
cause severel/lrecurring infections cannot
owners and pets can potenti al IOl 6aiHbB iam dt |
ST110O08B85: H5 ;cliotheiss therefore i mportant to
companion animals within household units
AMRE. .col i

55. &. awvalsi not recoverable from all f aecal

The. taktcal sample recovery rate within
freehaw processtedum isntgo rlaogneg h awh ipsr ofcreesesz em:
i njure bacterial cells ande.r edkea e etnthd . n u |
200.4)Moreover, the TBX agar growth medium
E. tbht are glucur{drainda&ne amalg¥oiuv lkaisks.® ws k
coOli5(/Rateamall988his may | imit our obser\
E. wothin these f aeckE | csaalnmpilaegse. rCavteersalar,e
ranging f roh 8i8n OlpBmaehte,yal201 0, Adenapekun
2016 )When comparingapprideach nstt wdiilegd&riec oh e
presence in faeces and rectal samples ha
100@Bur anaesti nas2pP23, e$caRiodits, Keatr adal20d ¥ 8§
Menezds, al202®) ffeEencebbveaery rates betwee
and this schdpkeealrydi ff erences in the stool

antimicrobials were used and the cul ture

56Concl usi on

I n this work, there were | Emi teoticiciunrsrteanncces
bet ween humans and their pet dogs using
enri chment for -AMBurAkenhbeuwhtbon househol
cemccurrencée&.ofoedlwerral humans and dogs fro
households indicates the complexity of p

soci ety.

One genomic feat uE.e astsmchwamaerd Iwo d4ths was
this dataset with possible roles in conji

i nvestigate whether or not this is appl i
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featu
whet h

Thi s
wi t h
their
bet we
host s

cl one

and c
risk.
i dent
i mpor
I mpor

trans

re was also found on putative pl asmi

er plasmids are found within these

study contributes to the growWingolao:

potential to harbour AMR deter mi nant
cohabiting ani malBE.. avhtiilAeMRt he adiisrng «
en humans and pets cannot be inferr

can contribute to the disseBi nadaliiol

s of concern.

e uniform approadch ftobmadod hisiheq | AMI

ompani on dogs ensur es more accurate

't is important to take all hosts
i fying and i mplementing interavdrnt i ol
taBt AbMRowever, other routes of tran
tant and should be investigated. Thi
mi ssion between hosts in wider soci
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One

retail foods and the household envi |
ronments for the disseminatiB.n caonldi p
ages. Tlkte myjpesi ay eofcommensal with p
rtuni stic pathogens, with a (slueismha oH
2013, e&atepalkB82&nhi s |1 s a Ehre aclathhi a csqgsuuier e
l op AMR, maki ng Murregatyadt2s®WS fhfaisc uplrto
ul for epidemiological i nvestigati on:
ani mals, and has significant applicat
th. When evaluating the | iter dtomre al
foods, humans and ani mals, there ha-:c
ages that cause i mmediate gastrointe:
rtunistic infections,E.ancdoAsipediefcit ¢ vAI
oach for i1identifying specific |ineag:
di ate public health risks but fails |
wot hin different niches and the vari
ent to humans. This thesis adHressks
utionary history and diver $iiatby tomgr evi

h

same ousehol d.

Di scussion of key findings

of the key findings of this thesis i/

omite for highl . dcoeowlriseh | maye atgleesn ofdr e s e

X po

urr

sure to the consumer. This has impl i

ent contamination surveillanceEappr o

opriesent . However, the expobk.urteotno fda ovde r

oes
he

0gSs

not mean t hat al | the strains cont al
host gastrointestinal trEacts.bofllati nvea s r

and humans in chapter 5 that althou

mul tiple opifor tcwcicturersenfcoar, t he observed

occurrence evBontths swasdelessveeea s $ on al whi ch m

obserdveder si toccand edidcerte faogeress wheoberi s

a

maj or contri butEor ctoo tthhee hduinvaenr sgutty,t eaf m

l ongi tudi nal WGS approach could be taken

about to consumé&.arceoeThusthbhas€dc@&ee nweldl f o
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pat hogenic El.Li maaddhesasofSTEC, where (Wodd omna
et ,alRO01®ut the dynamkEcsooff codmandawhet h

reach the consumer gut is not well under
(i .e., cooking) is Ilikely tB. reduice omef ¢
to which humans are exposek.. otholwedvaedayt t h e
fresh | eafy greens and cooked prawns i n |
considerable risk of exposure. This work

under st andumgnf eaewdcicurrences and the effe

washing on potential transmission.

A |l ongituBinakp®WGSment could a-hsmahehappl

such as companion dogs to help -detar mene

bet ween these host species identified in
with increasingly (RMFYIl dri ertasw trheadt mfag/d i n
pat hogeni c | i nk.agteosl caonndp saAMNiRdonr gloogas 2024, v

Bred ,al2018he hokusehoolkd was based on a | o
( Menegtesal202®ut due to the Eowcwoleichhe estyoca
samples, the work pr esesnecetdi amalt,hiasn d hoensli
occurrence could be investcgatedceAbéehwa:
and within household was elcscairrwed, btewoveh
humans and omompagrs. Aigaolngt e Imuddgiitudi nal
focussing orE.camméerugnmlns and dogs, where

monitored and sampled woul d pr ewindea nmmrne

ani mal sbhring interface, whilst also pro
potential exposure routes.

Another key finding was that there was a
to food commodity or host species using
chapter 3Eappbbeddi dferent food commodit |
species in chapter 5. This may be becaus:
a |lineage transiently present witBpechos:
clusters to emapigeredhssawohda&t € BO.f ,odadfrif er

alternati vE.l ymdyisgcwiuentwi t h e dteabr il 9 med gle
|l eading to diverse populations in each ni

sampling to identify. Il n either case it i

NZ o
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S i mi

have

Ther
anal
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futu

t ed -tfeorrm lcoonlgoni sati on of the niche, a

sient survi val

erms of AMR, this the<€isphoipaghlaitglons

erent environments may expose hosts |

erent AMR determinants. A selective &
g§taowlinvestigated would | ead to a r.
d observe on food, in humans and i n |
ests that the diversity of AMR vari e:
as within huvmadiesn ta nbdy dtohges ,d iafsf eer en't
rtant because I f AMR were being surve
environmentEs, ctehbelnatneusl twiopulled need to
re a more thorough AMR ri sk assessmet
rstand which AMR determinants from f
wot hin a host, and which AMR deter mi |
emi nated between hosts withdinsai pbus i
Heal th approach is necessary for ass:
ogen spreasi woudl AMRe particul arly use
cy, as it would provide more clear p«
rvention strategies could be applied

Future work

odol ogically, the work within this 1t
d by isolating and sequencing multipl
al so indicates that for most of the

€6l aaken from each food sample (up t
uring tike dioVéhsistynwiaehe, with the ex

l ar finding was identi fB.e dc eibnl actheasp tweel
stigated from humamsusaellolddlgbset Memey \
been observed if more isolates from
e are also |Iimitations with al/| phyl
ysing new datasets with unknown | evel
sfer. Therefore, to fully test the |11

reuwdr lcreate simul ated datasets with
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recombination and horizontal gene transf
utilised simi| St rappocaclkes whelmocr aat e
simulated datasets with varying SNPs, sh
simulation of evol ut(iLeemtsi,a RiOnNt8&ddeni onalkl
variation in parameters within the phyl o
thresholds for percentage of core genes,

Al genomic analyses undertaken in this
cause difficulty with assembly around hi
repetitive regions and are thus assembl e
sequencibg appl de.d det #sheet s i n chapters /
i dentify the presence of MGEs (i .e., pl a:
bacteriophage), and which accessory gene:
MGEs. This would be particuliarelnyt irfdleav an i
involved in conjugation associated with |

t hatocacarrt mwwbh B h

The companion dogs investigatedEwi¢tdlin cl
popul ations which could then be shed, an:t
with far ileatn,ianfad 20, etAhan2d 1 Dhe possibility

di ver se poBpultaotlinodn oonf many meat sampl es i
with the host ani mal. However, this is nt
introduced; this could also happen throu:i
with -comtsami nati on eventtss ofcrcount rdiinfgf,e raesn tw
contaminated equi pment, or even from wor |
food manufacturing process from host ani |

n
0

eventual display within retaB.l csetbourletsi nwgo |
ecific contamination sources and possi |
Y

|l emented to prevent contamination, r e

Met agenomi capwomi si bg ad ddigti itraudntirnath e st ud:
i nvesthgat i aanidmaflbsed pr emers gionsgnemd a d

met agenoman clse usedebhdDr exammtcnebiaal tpaep slpaet
|l evel nwiathHowdeer , Itihmirteataireeand leE@titsle mbl y

fragmentnatsitheord met ademogeandts agenoanm C S
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vercome t heseprloidmuichigntgi odnose r byemmpreet e
s s e miIKiieahs, a 2 ORdlr) e x,almige anet age nwom lcfsl ow

> 9 O

aagl deen proposedmpobB@etdei on and chiamr act e

rrigation watfer dommtda staffMatgenr,al2 02 1)
ombi hed ed® and-r Eadg met aagpepnroohebccle s tnivgraetti anigl

-+ 0O

ooidss promi singoappmproWdi sgfetyabtuhwvaghl a

~—+

here are sdetilddtoimmpbanidansgeBbogmfti,aalnd
2025)

Shordaetmgenomisoes beesedalt o i nhvestigate hu
mi crobi omepet wWhohgrse reeswemsbi/R ¢ édness, aMGE

mi crmodi oo mp odihab , al20” 21)on g ilt6ulRIN A a |

met agenosy 0@l@SBE. calriagelisnp pdloigesded @ ng
met agenomics to ,t wipidohgi dadnpil mlsogati oms$ oo
AMR genes an@dSt eg eegP,@audsOT203 J)lbdiit he woit

thi s tlhhemgad met agenbmi bs a plpdn geidt uthe nal
better ukdepopahati candi tveasd yniys saicoss S
the human, aani malod ni ches.

63Proposed nmadedolvaefr si ty

The complexity within all these environm
contamination or points df. ewmopds udridg ftehraetn
evolutionary histories. 1t is also impor:

ead to colonisation and subsequent survi

oE. tolbsuccessfully contribute to the di
on factors such as: sufficient number of
cells, tolerance to changes in metabol it
|l engt pbosfurexti me, and number of exposure

(Figure 6.1) for the possible routes of
E. doVversity in each environment highli gl
contribute to the end popwusleati @omawe séd lude

wor k exploring these environments shoul d

aspects te dnoWerl xeommuni ti es, all owing us
E. doVversity is created and maintained i
contribute varying |l evels of direct and |
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6.4 Final remar ks
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AMR risks. This work has
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchplrétcéemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi

accessio Accessi on Col |l ect ¢

EC180OHWO011 PRINA117 SRR31116 SAMN444515117 G 2 0 1085 Chicken
EC180HW0621 PRINA117 SRR31116 SAMN4445153107 A 2 0 1085 Chicken
EC180OHW03l1 PRINA117 SRR31115SAMN44451510 A 2 0 1085 Chicken
EC180OHM 04 PRINAL117 SRR31115SAMN444515191 A 2 0 1085 Chicken
EC180HW012 PRINA117 SRR31115SAMN4445153107 A 2 0 1085 Chicken
EC180OHW 02 PRINAL117 SRR31115SAMN4445154038 B1 2 0 1085 Chicken
EC180HW0O32 PRINA117 SRR31115SAMN4445151485 F 2 0 1085 Chicken
EC180OH 042 PRINAL117 SRR31115SAMN4445151485 F 2 0 1085 Chicken
EC180HW013 PRINA117 SRR31115SAMN444515155 B1 2 0 1085 Chicken
EC180HW02Z PRIJNA117 SRR31115SAMN444515155 B1 2 0 1085 Chicken
EC18®0®H0O3B PRINA117 SRR31116 SAMN444515155 B1l 2 0 1085 Chicken
EC180HW043 PRINA117 SRR31116 SAMN444515155 B1 2 0 1085 Chicken
EC180HM014 PRINAL117 SRR31116SAMN4445151611 Bl 2 0 1085 Chicken
EC180HW024 PRIJNA117 SRR31115SAMN444515438 A 2 0 1085 Chicken
EC180H 034 PRIJNAL117 SRR31115SAMN44451548 A 2 0 1085 Chicken
EC18®HO0OI5 PRINAL117 SRR31115SAMN444515117 G 2 0 1085 Chicken
EC180HW05 PRIJNA117 SRR31115SAMN44451569 D 2 0 1085 Chicken
EC18®H0O3 PRINAL117 SRR31115SAMN444515101 B1l 2 0 1085 Chicken
EC180QHW045 PRINA117 SRR31115SAMN444515117 G 2 0 1085 Chicken
EC18®0©HWO016 PRINA117 SRR31115SAMN4445151640 E 2 0 1085 Chicken
EC180HMW026 PRINA117 SRR31115SAMN4445151 No\VA 2 0 1085 Chicken
EC180OHMW03 PRINAL117 SRR31115SAMN4445151485 F 2 0 1085 Chicken
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Appendi X Accession nf ormation, multilocus sequence types,
the 1,067 Ecchplrétcéemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1

accessio Accessi on Col |l ect ¢

EC1 PRIJINAL117/ AMN4 445151 A 1085 I cken
EC18OH 017 5SAMN44451558 B1 2 0 1085 Chicken
EC18OH 027 5SAMN4445151148 B1 2 0 1085 Chicken
EC18 ©OH 0637 5SAMN4445151148 B1 2 0 1085 Chicken
EC18OH 047 5SAMN44451558 B1 2 0 1085 Chicken
EC18 ©H 018 5SAMN44451588 C 2 0 1085 Chicken
EC18 OH 028 5SAMN44451510 A 2 0 1085 Chicken
EC18OH 638 5SAMN4445151148 B1 2 0 1085 Chicken
EC18OH 048 5SAMN44451538 D 2 0 1085 Chicken
EC18@©H 019 5SAMN444515140 B2 2 0 1086 Chicken
EC18 OH 069 5SAMN44451557 E 2 0 1086 Chicken
EC18 OH 0639 5SAMN44451523 C 2 0 1086 Chicken
EC18OH %10 5SAMN4445151146 B1 2 0 2087 Chicken
EC180©H 120 5SAMN4445161844 Bl 2 0 2087 Chicken
EC18©H 130 5SAMN444516106 D 2 0 2087 Chicken
EC18OH 140 5SAMN4445162001 D 2 0 2087 Chicken
EC180H 111 5SAMN4445163090 B1l 2 0 1088 Chicken
EC180H 121 5SAMN44451610 A 2 0 1088 Chicken
EC180©H 131 5SAMN44451610 A 2 0 1088 Chicken
EC180OH 141 5SAMN4445163858 B1 2 0 1088 Chicken
EC180OH 112 5SAMN444516117 G 2 0 1088 Chicken
ECl180H 12 5SAMN444516398 A 2 0 1088 Chicken

=0=



Appendi X

nformati on, | ocus

the 1,067 Ecchplréetcéemomesi gener ated

Accession

sequence
study

Genome

EC1 14

Bi oprojecAccessi oBi osampl e

accessio Accessi on

Phyl ogr Dat e
Coll ect €

PRIJNA117Y AMN4 4451

i3

EC180OH 113

SAMN4 445

2 0 1088

EC180OH 123

SAMN4 445

2 0 1088

EC18©H 143

SAMN4 445

2 0 1088

EC180OH 114

SAMN4 445

2 0 1088

EC180OH 124

SAMN4 445

2 0 1088

EC180OH 13#4

SAMN4 445

2 0 1088

EC180H 14

SAMN4 445

2 0 1088

EC18©OH 115

SAMN4 445

2 0 1088

EC180OH 125

SAMN4 445

2 0 1088

EC180OH 135

SAMN4 445

2 0 1088

EC180OH 116

SAMN4 445

2 0 1089

EC180OH 117

SAMN4 445

2 0 1089

EC180OH 118

SAMN4 445

2 0 1089

EC18 OH 119

SAMN4 445

2 0 1089

EC180OH 212

SAMN4 445

2 0 1089

EC180OH 213

SAMN4 445

2 0 1089

EC18OH 245

SAMN4 445

2 0 1089

EC18 OH 216

SAMN4445

2 0 1089

EC18©OH 236

SAMN4 445

2 0 1089

EC18OH 228

SAMN4 445

2 0 1089

EC18 OH 229
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Appendi X Accession nf ormation, multilocus sequence types,
the 1,067 Ecchplrétcéemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1

accessio Accessi on Col |l ect ¢

EC1 PRIJINAL117/ AMN4 4451675 A 1 I cken
EC18OH 249 5SAMN444516117 G 2 0 1089 Chicken
EC180OH 320 5SAMN4445162 No\vE 2 0 1089 Chicken
EC18OH 330 5SAMN4445161485 F 2 0 1089 Chicken
EC18OQH 340 5SAMN444516224 B1 2 0 1089 Chicken
EC18OH 323 5SAMN4445161163 G 2 0 1089 Chicken
EC18OH 410 5SAMN444516641 B1 2 0 1180 Chicken
EC18OH 420 5SAMN444516155 B1 2 0 3180 Chicken
EC180OH 411 5SAMN4445163234 B1 2 0 3180 Chicken
EC180OH 421 5SAMN444516212 B1 2 0 1180 Chicken
EC18 OH 518 5SAMN444516117 G 2 0 3180 Chicken
EC18OH 528 5SAMN4445164674 G 2 0 1180 Chicken
EC18 OH 519 5SAMN444516117 G 2 0 3180 Chicken
EC18 OH 59 5SAMN444516609 D 2 0 1180 Chicken
EC18@©H 616 5SAMN444516155 B1 2 0 1180 Chicken
EC18OQH 626 5SAMN4445161172 B1 2 0 3180 Chicken
EC180©H 617 5SAMN444516442 B1l 2 0 3180 Chicken
EC18 QW 627 5SAMN444516162 B1 2 0 3180 Chicken
EC18OH 618 5SAMN4445161304 B1 2 0 1180 Chicken
EC18OH 628 5SAMN4445163 NovB1 2 0 3180 Chicken
EC18 QW 716 5SAMN44451623 C 2 0 3181 Chicken
EC180OH 726 5SAMN444516117 G 20 1181 Chicken




Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 7 PRINATI1L17Y RR31115SAMN444516114 B 1181 I cken
EC180OHW 727 PRINA117 SRR31115SAMN444516135 B2 2 0 1181 Chicken
EC180OHW 810 PRINA117 SRR31115SAMN444516117 G 2 0 1181 Chicken
EC180HW 80 PRINA117 SRR31115SAMN4445161172 B1 2 0 1181 Chicken
EC180H 811 PRINA117 SRR31115SAMN4445165203 B1 2 0 1181 Chicken
EC180HW 81 PRIJNA117 SRR31115SAMN444516162 B1 2 0 1181 Chicken
EC180H 813 PRINAL117 SRR31115SAMN4445166286 G 2 0 1181 Chicken
EC180HW 83 PRIJNA117 SRR31115SAMN444516155 B1 2 0 1181 Chicken
EC180OHW910 PRIJNA117 SRR31115SAMN4445161276 F 2 0 1181 Chicken
EC180OH 92 PRIJNA117 SRR31115SAMN4445164 NovB1 2 0 1181 Chicken
EC180HW911 PRIJNA117 SRR31115SAMN4445161485 F 2 0 3181 Chicken
EC180HMW921 PRIJNA117 SRR31115SAMN444516117 G 20 1181 Chicken
EC180HW912 PRINA117 SRR31116SAMN4445161485 F 2 0 3181 Chicken
EC180HM922 PRJIJNA117 SRR31116 SAMN4445167414 A 20 1181 Chicken
EC18®0®HMWI913 PRINA117 SRR31116 SAMN4445162792 E 20 1181 Chicken
EC180HW92 PRIJNA117 SRR31116 SAMN4445162792 E 2 0 3181 Chicken
EC180©HW924 PRIJNA117 SRR31116 SAMN44451695 B2 20 1181 Chicken
EC180HW924 PRIJNA117 SRR31116 SAMN4445161485 F 2 0 3181 Chicken
EC18®0©HW919 PRIJNA117 SRR31116 SAMN4445164 NowvB1 2 0 1182 Chicken
EC180HW929 PRIJNA117 SRR31116 SAMN4445161775 E 2 0 3182 Chicken
EC18®H 0610 PRINA117 SRR31116SAMN4445161483 B1 2 0 3182 Chicken
EC18®H 020 PRIJNA117 SRR31116 SAMN4445161775 E 2 0 1182 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 H PRIJINAL117/ RR3111 AMN4 44516117 1 I cken
EC180®H 0283 PRINA117 SRR31116 SAMN4445162705 A 2 0 1182 Chicken
EC18®H 016 PRINA117 SRR31116 SAMN4445162772 B1 2 0 1182 Chicken
EC18©®H 026 PRIJNA117 SRR31116 SAMN444516665 A 2 0 3182 Chicken
EC18®H 017 PRINA117 SRR31116 SAMN444516154 B1 2 0 1182 Chicken
EC18©®H 0627 PRINA117 SRR31116 SAMN444516154 B1 2 0 3182 Chicken
EC18®H 210 PRIJNA117 SRR31116 SAMN4445161011 D 2 0 1001 Chicken
EC18®H 220 PRIJNA117 SRR31116 SAMN4445161775 E 2 0 1091 Chicken
EC18®H 211 PRIJNA117 SRR31116 SAMN444516135 B2 2 0 1091 Chicken
EC18®H 221 PRIJNA117 SRR31116 SAMN44451610 A 2 0 1001 Chicken
EC18®H 212 PRINA117 SRR31116 SAMN444516752 A 2 0 2091 Chicken
EC18®0H 22 PRIJNA117 SRR31116 SAMN444516135 B2 2 0 1091 Chicken
EC18®H 223 PRIJNA117 SRR31116SAMN4445161049 B1 2 0 2091 Chicken
EC18®0®H 224 PRIJNA117 SRR31116SAMN4445162171 F 2 0 1091 Chicken
EC18®H 216 PRINA117 SRR31116 SAMN4445162599 B1 2 0 1091 Chicken
EC18®H 227 PRINA117 SRR31116 SAMN4445163509 B1 2 0 2091 Chicken
EC18®H 218 PRINA117 SRR31116SAMN4445161286 A 2 0 1091 Chicken
EC18®H 228 PRIJNA117 SRR31115SAMN4445165796 G 2 0 2091 Chicken
EC18®H 310 PRINA117 SRR31115SAMN444516117 G 2 0 1091 Chicken
EC18®H 320 PRIJNA117 SRR31115SAMN4445164162 B1 2 0 2091 Chicken
EC18®H 312 PRINA117 SRR31115SAMN4445161844 B1 2 0 2091 Chicken
EC18®0H 32 PRJIJNA117 SRR31115SAMN4445161844 B1 2 0 1091 Chicken

=0z



Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 H PRIJINAL117/ RR31115SAMN444516114 B1 1091 I cken
EC18®H 35 PRIJNA117 SRR31115SAMN44451640 B1 2 0 1001 Chicken
EC18®H 327 PRINA117 SRR31115SAMN4445161011 D 2 0 1092 Chicken
EC18®H 318 PRINA117 SRR31115SAMN444517117 G 2 0 X092 Chicken
EC18®H 328 PRIJNA117 SRR31115SAMN4445174993 D 2 0 1092 Chicken
EC18®H 319 PRINA117 SRR31115SAMN444517117 G 2 0 092 Chicken
EC18®H 320 PRIJNA117 SRR31115SAMN44451758 B1 2 0 1092 Chicken
EC18®H 410 PRINA117 SRR31115SAMN44451710 A 2 0 X092 Chicken
EC18®H 420 PRIJNA117 SRR31115SAMN44451710 A 2 0 092 Chicken
EC18®H 421 PRIJNA117 SRR31115SAMN444517117 G 2 0 1092 Chicken
EC18®H 414 PRINA117 SRR31115SAMN4445175 No\vG 2 0 092 Chicken
EC18®H 424 PRIJNA117 SRR31115SAMN444517297 B1l 2 0 2092 Chicken
EC18®H 418 PRINA117 SRR31115SAMN44451710 A 2 0 092 Chicken
EC18®H 428 PRIJNA117 SRR31115SAMN444517162 B1l 2 0 2092 Chicken
EC18®H 419 PRIJNA117 SRR31115SAMN44451758 B1l 2 0 2092 Chicken
EC18®H 429 PRIJNA117 SRR31115SAMN4445171286 A 2 0 092 Chicken
EC18®H 514 PRIJNA117 SRR31115SAMN444517162 B1l 2 0 2092 Chicken
EC18®H 524 PRIJNA117 SRR31115SAMN444517162 B1 2 0 092 Chicken
EC18®H 515 PRIJNA117 SRR31115SAMN444517174 G 2 0 2092 Chicken
EC18®H 55 PRIJNA117 SRR31115SAMN444517457 F 2 0 092 Chicken
EC18®H 76 PRINA117 SRR31115SAMN444517350 E 2 0 1094 Chicken
EC18®H #26 PRJNA117 SRR31115SAMN444517355 B2 2 0 1094 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 H PRIJNAL11 RR AMNA4 1 NoO\ 1095 I cken
EC180OH 92 PRIJNA110 SRR28893SAMN41200010 A 2 0 1095 Chicken
EC18®H 932 PRIJNA110 SRR28893SAMN41200010 A 2 0 1095 Chicken
EC18®H 942 PRIJNA110 SRR28893SAMN4120001485 F 2 0 095 Chicken
EC18®H 915 PRIJNA110 SRR28893SAMN412000117 G 2 0 1095 Chicken
EC18®H 925 PRIJNA110 SRR28893SAMN41200057 E 2 0 095 Chicken
EC18®H 9% PRIJNA110 SRR28893SAMN412000117 G 2 0 1095 Chicken
EC18®H 945 PRIJNA110 SRR28893SAMN4120007 NovB1 2 0 095 Chicken
EC180R011 PRINA110 SRR28893SAMN412000117 G 2 0 096 Chicken
EC180R 021 PRINA110 SRR28893SAMN412000355 B2 2 0 1096 Chicken
EC18@0©R 063 PRIJNA110 SRR28893SAMN4120004038 B1 2 0 2096 Chicken
EC18@0©R 04 PRINA110 SRR28893SAMN4120003006 A 2 0 1096 Chicken
EC180R 012 PRINA110 SRR28893SAMN41200088 C 2 0 2096 Chicken
EC180OR 02 PRIJINA110 SRR28893SAMN4120004162 B1 2 0 1096 Chicken
EC180OR 032 PRINA110 SRR28893SAMN41200088 C 2 0 1096 Chicken
EC180R 112 PRINA110 SRR28893SAMN4120008 NoVA 2 0 2096 Chicken
EC180R 12 PRIJNA110 SRR28893SAMN4120008 NoVA 2 0 1096 Chicken
EC180R 32 PRIJNA110 SRR28893SAMN4120008 NoVA 2 0 2096 Chicken
EC180R 142 PRIJNA110 SRR28893SAMN412000155 B1l 2 0 X096 Chicken
EC18®R 115 PRINA110 SRR28893SAMN4120003514 F 2 0 096 Chicken
EC180R 15 PRIJNA110 SRR28893SAMN4120001844 B1 2 0 096 Chicken
EC18®0R 135 PRINA110 SRR28893SAMN412000354 F 2 0 1096 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 45 PRJIJNAILIL RR AMNA4 1 114 B1 1 I cken
EC18®R 116 PRINA110 SRR28893SAMN4120001163 G 2 0 1096 Chicken
EC180R 126 PRIJNA110 SRR28893SAMN412000101 B1 2 0 1096 Chicken
EC180OR 136 PRIJNA110 SRR28893SAMN412000117 G 2 0 X096 Chicken
EC180OR 146 PRIJNA110 SRR28893SAMN412000117 G 2 0 1096 Chicken
EC180R 212 PRINA117 SRR31115SAMN444517162 B1 2 0 X096 Chicken
EC180R 22 PRIJNA117 SRR31115SAMN444517101 B1 2 0 1096 Chicken
EC18®R 213 PRINA110 SRR28893SAMN4120001485 F 2 0 X096 Chicken
EC180R 223 PRIJNA110 SRR28893SAMN4120001485 F 2 0 096 Chicken
EC180R 233 PRIJINA110 SRR28893SAMN4120001170 B2 2 0 1096 Chicken
EC180R 243 PRIJNA110 SRR28893SAMN4120001485 F 2 0 2096 Chicken
EC18®R 214 PRIJNA110 SRR28893SAMN412000101 B1l 2 0 2097 Chicken
EC180R 224 PRIJNA110 SRR28893SAMN412000101 B1 2 0 X097 Chicken
EC180R 234 PRIJINA110 SRR28893SAMN412000101 B1 2 0 1097 Chicken
EC18®0®R2 24 PRIJNA110 SRR28893SAMN412000101 B1l 2 0 2097 Chicken
EC18®R 215 PRINA117 SRR31115SAMN444517401 A 2 0 X097 Chicken
EC180R 25 PRIJNA117 SRR31115SAMN444517401 A 2 0 2097 Chicken
EC180R 312 PRINA110 SRR28893SAMN41200088 C 2 0 X097 Chicken
EC180OR 32 PRIJNA110 SRR28893SAMN412000117 G 2 0 1097 Chicken
EC180R 32 PRIJNA110 SRR28893SAMN412000117 G 2 0 X097 Chicken
EC180R 342 PRIJNA110 SRR28893SAMN4120002722 B1 2 0 X097 Chicken
EC18®R 314 PRINA117 SRR31115SAMN4445172280 B1 2 0 097 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 4 PRJIJNAI17Y RR31115SAMN444517 B1 1097 I cken
EC18®©R 315 PRINA110 SRR28893SAMN4120001844 B1 2 0 1097 Chicken
EC180OR 35 PRIJINA110 SRR28893SAMN4120001844 B1 2 0 1097 Chicken
EC180R 3% PRIJNA110 SRR28893SAMN4120001844 B1 2 0 X097 Chicken
EC180R 34 PRINA110 SRR28893SAMN412000115 D 2 0 1097 Chicken
EC180R 412 PRIJNA117 SRR31115SAMN4445171140 D 2 0 2098 Chicken
EC180R 42 PRIJNA117 SRR31115SAMN44451710 A 2 0 1008 Chicken
EC180R 413 PRIJNA110 SRR28893SAMN412000540 A 2 0 2098 Chicken
EC180R 423 PRIJNA110 SRR28893SAMN41200010 A 2 0 2098 Chicken
EC180R 433 PRINA110 SRR28893SAMN4120001684 A 2 0 1008 Chicken
EC180R 4483 PRIJNA110 SRR28893SAMN41200088 C 2 0 2098 Chicken
EC18®R2 415 PRIJNA110 SRR28893SAMN412000155 B1l 2 0 1008 Chicken
EC180R 45 PRIJNA110 SRR28893SAMN412000162 B1 2 0 2098 Chicken
EC180OR 435 PRIJNA110 SRR28893SAMN412000212 B1 2 0 1008 Chicken
EC18®R 445 PRINA110 SRR28893SAMN41200093 A 2 0 1008 Chicken
EC180R 418 PRINA117 SRR31115SAMN44451710 A 2 0 2098 Chicken
EC180®R2 428 PRIJNA117 SRR31115SAMN4445179 NowvB1 2 0 2008 Chicken
EC180R 419 PRIJNA117 SRR31115SAMN444517117 G 2 0 2098 Chicken
EC180R 420 PRIJNA117 SRR31115SAMN444517533 B1l 2 0 1008 Chicken
EC18@0R 511 PRIJNA110 SRR28893SAMN4120001214 B1 2 0 1098 Chicken
EC180R 521 PRIJNA110 SRR28893SAMN4120001214 B1 2 0 2098 Chicken
EC18®R 531 PRINA110 SRR28893SAMN41200057 E 2 0 1008 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchplrétcéemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1

accessio Accessi on Col |l ect ¢

EC1 541 PRJNAT11 RR AMNA4 1 117 1 I cken
EC180OR52 PRIJNA117 SRR31115SAMN444517117 G 2 0 1008 Chicken
EC180OR523 PRINA117 SRR31115SAMN444517101 B1 2 0 1008 Chicken
EC180R514 PRINA117 SRR31115SAMN44451710 A 2 0 2098 Chicken
EC180R524 PRINA117 SRR31115SAMN444517156 B1 2 0 1008 Chicken
EC18@0R 515 PRINA117 SRR31115SAMN44451710 A 2 0 2098 Chicken
EC180OR55 PRIJNA117 SRR31115SAMN444517224 B1 2 0 1008 Chicken
EC180R516 PRIJNA117 SRR31115SAMN444517212 B1 2 0 2099 Chicken
EC180R 526 PRIJNA117 SRR31115SAMN4445176635 A 2 0 X099 Chicken
EC18®R517 PRINA117 SRR31115SAMN4445171276 F 2 0 1099 Chicken
EC180R 527 PRINA117 SRR31115SAMN44451710 A 2 0 X099 Chicken
EC18®R 518 PRINA117 SRR31115SAMN44451788 C 2 0 2099 Chicken
EC180R528 PRIJNA117 SRR31115SAMN44451788 C 2 0 X099 Chicken
EC180R 529 PRIJNA117 SRR31115SAMN44451769 D 2 0 2099 Chicken
EC18®0R 610 PRINA117 SRR31115SAMN4445175375 D 2 0 2099 Chicken
EC180R 620 PRIJNA117 SRR31115SAMN444517117 G 2 0 X099 Chicken
EC18®0®R 611 PRINA117 SRR31115SAMN444517442 B1l 2 0 2099 Chicken
EC180R 621 PRINA117 SRR31115SAMN444517155 B1 2 0 X099 Chicken
EC18®0R 612 PRINA117 SRR31115SAMN444517297 B1l 2 0 2099 Chicken
EC180R 62 PRINA117 SRR31115SAMN444517297 B1 2 0 1099 Chicken
EC180R613 PRINA117 SRR31115SAMN44451758 B1 2 0 1099 Chicken
EC180R 623 PRIJNA117 SRR31115SAMN444517602 B1l 2 0 2099 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 14 PRIJNAILI1L RR AMNA4 1 51 B1 1 I cken
EC180R 624 PRINA110 SRR28893SAMN4120002973 A 2 0 1099 Chicken
EC180R 634 PRINA110 SRR28893SAMN4120001158 E 2 0 1099 Chicken
EC180R 64 PRIJNA110 SRR28893SAMN412000117 G 2 0 X099 Chicken
EC18®0©R 615 PRINA117 SRR31115SAMN4445171011 D 2 0 1099 Chicken
EC180R 625 PRIJNA117 SRR31115SAMN44451757 E 2 0 X099 Chicken
EC180R 616 PRINA110 SRR28893SAMN412000648 F 2 0 1099 Chicken
EC180R 626 PRIJNA110 SRR28893SAMN412000101 B1 2 0 2099 Chicken
EC180R 63 PRIJNA110 SRR28893SAMN412000135 B2 2 0 X099 Chicken
EC180R 646 PRINA110 SRR28893SAMN412000648 F 2 0 1099 Chicken
EC180R 617 PRINA117 SRR31115SAMN44451710 A 2 0 X099 Chicken
EC180R 627 PRINA117 SRR31115SAMN44451710 A 2 0 2099 Chicken
EC180R 619 PRINA117 SRR31115SAMN44451757 E 2 0 X099 Chicken
EC180R 62 PRIJNA117 SRR31115SAMN444517117 G 2 0 2099 Chicken
EC18®R 710 PRIJNA110 SRR28893SAMN41200023 C 2 0 1099 Chicken
EC180R 70 PRIJNA110 SRR28893SAMN412000101 B1 2 0 X099 Chicken
EC18®R 70 PRIJNA110 SRR28893SAMN41200023 C 2 0 1099 Chicken
EC180R 7400 PRIJNA110 SRR28893SAMN41200023 C 2 0 X099 Chicken
EC18®0OR 711 PRJIJNA117 SRR31115SAMN444517162 B1l 2 0 2099 Chicken
EC180R 721 PRIJNA117 SRR31115SAMN444517162 B1 2 0 X099 Chicken
EC180OR 713 PRIJNA110 SRR28893SAMN4120003549 B1 2 0 X099 Chicken
EC180OR 73 PRIJNA110 SRR28893SAMN41200057 E 2 0 1099 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 Y PRIJNAL11 RR AMNA4 1 57 E 1 I cken
EC180R 743 PRIJNA110 SRR28893SAMN41200057 E 2 0 1099 Chicken
EC180OR 714 PRIJNA117 SRR31115SAMN44451769 D 2 0 1099 Chicken
EC180R 74 PRIJNA117 SRR31115SAMN4445172473 B1 2 0 X099 Chicken
EC18®R 715 PRINA117 SRR31115SAMN444517162 B1 2 0 1099 Chicken
EC180R 75 PRIJNA117 SRR31115SAMN444517348 B1 2 0 X099 Chicken
EC18®R 716 PRIJNA110 SRR28893SAMN4120006664 D 2 0 1099 Chicken
EC180R 76 PRIJNA110 SRR28893SAMN412000602 B1 2 0 2099 Chicken
EC180R 736 PRIJNA110 SRR28893SAMN412000665 A 2 0 X099 Chicken
EC180OR 746 PRIJNA110 SRR28893SAMN412000155 B1 2 0 1099 Chicken
EC180R 719 PRIJNA110 SRR28893SAMN4120001775 E 2 0 X099 Chicken
EC180OR 79 PRIJNA110 SRR28893SAMN412001373 A 2 0 1099 Chicken
EC180R 739 PRIJNA110 SRR28893SAMN4120011551 E 2 0 X099 Chicken
EC18®R 749 PRIJNA110 SRR28893SAMN412001847 B1l 2 0 2099 Chicken
EC18®©R 810 PRINA110 SRR28893SAMN4120011049 B1 2 0 1190 Chicken
EC180R 80 PRIJNA110 SRR28893SAMN412001117 G 2 0 3190 Chicken
EC180©R 80 PRINA110 SRR28893SAMN412001665 A 2 0 1190 Chicken
EC180©R 81 PRINA117 SRR31115SAMN444517677 B1 2 0 3190 Chicken
EC18@0©R 82 PRIJNA110 SRR28893SAMN412001117 G 2 0 1190 Chicken
EC180R 82 PRIJNA110 SRR28893SAMN412001117 G 2 0 3190 Chicken
EC180R 82 PRIJNA110 SRR28893SAMN412001117 G 2 0 3190 Chicken
EC180R 82 PRIJNA110 SRR28893SAMN4120011594 A 2 0 1190 Chicken
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
ECI1 PRIJNAI1I1Y RR3I1115SAMN444517/7/01 A 11 I cken
EC18®©R 88 PRIJNA110 SRR28893SAMN412001744 A 2 0 3190 Chi cken
EC18©R 88 PRIJNA110 SRR28893SAMN4120012040 A 2 0 3190 Chi cken
EC18®©R 88 PRIJINA110 SRR28893SAMN412001744 A 2 0 1190 Chicken
EC18®©R 848 PRIJNA110 SRR28893SAMN4120012599 B1 2 0 3190 Chi cken
EC18®R 913 PRIJNA110 SRR28893SAMN4120018874 B2 2 0 1190 Chicken
EC18®©R 923 PRIJNA110 SRR28893SAMN4120018874 B2 2 0 3190 Chi cken
EC18®0®R 933 PRJNA110 SRR28893SAMN4120018874 B2 2 0 1190 Chicken
EC18®R 943 PRJNA110 SRR28893SAMN412001135 B2 2 0 1190 Chicken
EC18©B 0612 PRIJNA110 SRR28893SAMN412001117 G 2 0 1191 Chi cken
EC180OB 062 PRIJNA110 SRR28893SAMN412001117 G 2 0 1191 Chicken
EC18©B 0632 PRIJNA110 SRR28893SAMN4120018611 B2 2 0 1191 Chi cken
EC180OB 0642 PRIJNA110 SRR28893SAMN412001117 G 2 0 1191 Chicken
EC18®©B 0616 PRINA110 SRR28893SAMN41200110 A 2 0 1191 Chi cken
EC18©B 0626 PRIJNA110 SRR28893SAMN41200110 A 2 0 1191 Chi cken
Novel
EC18©B 0636 PRIJNA110 SRR28893SAMN41200110 A 2 0 1191 Chi cken
Novel
EC18®0B 046 PRIJNA110 SRR28893SAMN412001206 A 2 0 1191 Chicken
EC18®OB 110 PRIJNA110 SRR28893SAMN4120018611 B2 2 0 1191 Chicken
EC180©B 120 PRJNA110 SRR28893SAMN41200157 E 2 0 1191 Chicken
EC18®0OB 130 PRIJNA110 SRR28893SAMN412001131 B2 2 0 1191 Chicken
EC18®0©B 111 PRIJNA110 SRR28893SAMN41200148 A 2 0 1191 Chicken

=nn



Appendi X

nformati on,
the 1,067 Ecchplréetcéemomesi gener ated

Accession

| ocus
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within study
Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Col |l ect ¢
EC1 1 PRJNAL11Y RR3111 AMN4 44517 o/ B1 i3 Ceaty. G
EC1800G1383 PRINA117 SRR31116 SAMN444517937 B1 2 0 1088 Leafy _ Gi
EC1800G143 PRINA117 SRR31116 SAMN444517937 B1 2 0 1088 Leafy _ Gi
EC1800G114 PRINA117 SRR31116 SAMN444517906 B1 2 0 1088 Leafy_ Gi
EC1800G124 PRINA117 SRR31115SAMN444517906 B1 2 0 1088 Leafy G
EC18006G14 PRINA117 SRR31115SAMN444517906 B1 2 0 1088 Leafy_ Gi
EC18006G14 PRINA117 SRR31115SAMN444517906 B1 2 0 1088 Leafy _ Gi
EC1800G116 PRINA117 SRR31115SAMN4445172144 B1 2 0 1089 Leafy_Gi
EC18006G126 PRIJNA117 SRR31115SAMN44451769 D 2 0 1089 Leafy_ Gi
EC1800G1 PRINA117 SRR31115SAMN444517349 D 2 0 1089 Leafy _ Gi
EC1800G146 PRIJNA117 SRR31115SAMN444517349 D 2 0 1089 Leafy_Gi
EC1806G117 PRIJNA117 SRR31115SAMN44451711 D 2 0 1089 Leafy _ Gi
Novel
EC1800G127 PRINA117 SRR31115SAMN44451711 D 2 0 1089 Leafy_Gi
Novel
EC18406813% PRIJNA117 SRR31115SAMN44451711 D 2 0 1089 Leafy _ Gi
Novel
EC1800G147 PRINA117 SRR31115SAMN44451711 D 2 0 1089 Leafy_Gi
Novel
EC18106G118 PRIJNA117 SRR31115SAMN4445181148 B1 2 0 1089 Leafy _ Gi
EC18006G128 PRIJINA117 SRR31115SAMN4445181148 B1 2 0 1089 Leafy _Gi
EC18106138 PRIJNA117 SRR31115SAMN4445181148 B1 2 0 1089 Leafy _ Gi
EC1800G148 PRIJINA117 SRR31115SAMN4445181148 B1 2 0 1089 Leafy _Gi
EC1800G119 PRINA117 SRR31115SAMN4445181049 B1 2 0 1089 Leafy _Gi
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study
Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Col |l ect ¢
EC1 10 PRINATTLY RR31115SAMN44451 B1 i3 Ceaty. G
EC18006G220 PRIJNA117 SRR31115SAMN444518906 B1 2 0 1089 Leafy _ Gi
EC1800G23 PRIJNA117 SRR31115SAMN444518906 B1 2 0 1089 Leafy _ Gi
EC18006G240 PRIJNA117 SRR31115SAMN44451812 B1 2 0 1089 Leafy_ Gi
Novel
EC1800G211 PRINA117 SRR31115SAMN4445181730 B1 2 0 1089 Leafy _ Gi
EC18006G2221 PRINA117 SRR31115SAMN4445184038 B1 2 0 1089 Leafy_ Gi
EC18006G23 PRINA117 SRR31115SAMN44451813 B1 2 0 1089 Leafy G
Novel
EC18006G24 PRIJNA117 SRR31115SAMN4445182005 B1 2 0 1089 Leafy_ Gi
EC181068212 PRIJNA117 SRR31115SAMN4445182602 B1l 2 0 1089 Leafy _ Gi
EC18006G214 PRINA117 SRR31115SAMN444518219 E 2 0 1089 Leafy_Gi
EC1810868224 PRIJNA117 SRR31115SAMN444518219 E 2 0 1089 Leafy _ Gi
EC1810824 PRIJNA117 SRR31115SAMN4445181858 B2 2 0 1089 Leafy _ Gi
EC18006G24 PRIJNA117 SRR31115SAMN444518219 E 2 0 1089 Leafy_Gi
EC18106216 PRIJNA117 SRR31115SAMN4445184197 E 2 0 1089 Leafy _ Gi
EC18006G2%6 PRIJNA117 SRR31115SAMN44451814 A 2 0 1089 Leafy_Gi
Novel
EC18106823% PRJIJNA117 SRR31115SAMN4445181049 B1 2 0 1089 Leafy _ Gi
EC1800G246 PRIJNA117 SRR31115SAMN4445184197 E 2 0 1089 Leafy _Gi
EC18406218 PRINA117 SRR31115SAMN4445182161 Bl 2 0 1089 Leafy _ Gi
EC18108228 PRJIJNA117 SRR31115SAMN4445182161 Bl 2 0 1089 Leafy Gi
EC18006G238 PRIJINA117 SRR31115SAMN4445182161 B1 2 0 1089 Leafy _Gi

=NT



Appendi x 2: Accession informati on, multil ocus sequence types,

the 1,067 Ecchplrétcéemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1

accessio Accessi on Coll ect €

ECI1 PRIJNAI1I1Y RR31115SAMN44451 161 B1 ! Leafy_g

EC1808219 PRINA117 SRR31115SAMN444518641 B1 2 0 1089 Leafy _ Gi

EC18068229 PRIJNA117 SRR31115SAMN444518641 B1 2 0 1089 Leafy _ Gi

EC18408823 PRIJNA117 SRR31115SAMN444518641 B1 2 0 1089 Leafy Gi

EC1808249 PRIJNA117 SRR31115SAMN444518641 B1 2 0 1089 Leafy G

EC1806310 PRIJNA117 SRR31115SAMN4445183167 B1 2 0 1089 Leafy Gi

EC18068320 PRIJNA117 SRR31115SAMN4445183167 B1 2 0 1089 Leafy _ Gi

EC18088330 PRIJINA117 SRR31115SAMN44451869 D 2 0 1089 Leafy Gi

EC1808340 PRIJNA117 SRR31115SAMN44451869 D 2 0 1089 Leafy Gi

EC18006G312 PRIJNA117 SRR31115SAMN44451815 B1 2 0 1089 Leafy _ Gi
Novel

EC180832 PRIJNA117 SRR31115SAMN44451815 B1 2 0 1089 Leafy Gi
Novel

EC18008332 PRIJNA117 SRR31115SAMN44451815 B1 2 0 1089 Leafy _ Gi
Novel

EC1808342 PRIJNA117 SRR31115SAMN44451815 B1 2 0 1089 Leafy Gi
Novel

EC18400G317 PRIJNA117 SRR31115SAMN4445184118 D 2 0 1089 Leafy _ Gi

EC1808327 PRINA117 SRR31115SAMN4445184118 D 2 0 1089 Leafy Gi

EC18008G337 PRIJNA117 SRR31115SAMN4445184118 D 2 0 1089 Leafy _ Gi

EC1808347 PRIJNA117 SRR31115SAMN4445184118 D 2 0 1089 Leafy _Gi

EC18100839 PRIJNA117 SRR31115SAMN44451816 A 2 0 1089 Leafy _ Gi
Nov el

=ny



Appendi X

nformati on,
the 1,067 Ecchplréetcéemomesi gener ated
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Appendi x 2: Accession information, multilocus sequence types,

the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Col |l ect ¢

EC1 16 PRINALI1L1Y RR31115SAMN444518131 B 1 Ceaty. G

EC1800G917 PRINA117 SRR31115SAMN4445182973 A 2 0 1182 Leafy _ Gi

EC1800G927 PRINA117 SRR31115SAMN444518130 E 2 0 1182 Leafy _ Gi

EC180G010 PRINA117 SRR31115SAMN4445185765 B1 2 0 3182 Leafy_ Gl

EC180G012 PRINA117 SRR31115SAMN444518602 B1 2 0 1182 Leafy G

EC180G02 PRIJNA117 SRR31115SAMN444518602 B1 2 0 3182 Leafy_ Gl

EC180@013 PRINA110 SRR28893SAMN41200123 C 2 0 1096 Leafy _ Gi

EC180@017 PRINA110 SRR28893SAMN412001111 B1 2 0 X096 Leafy_Gi

EC180@30627 PRINA117 SRR31115SAMN444518111 B1 2 0 096 Leafy_ Gl

R

EC1840@063% PRIJNA117 SRR31115SAMN4445181148 B1 2 0 2096 Leafy _ Gi

R

EC1810G047 PRIJNA117 SRR31115SAMN444518111 B1l 2 0 X096 Leafy _ Gi

R

EC180@018 PRINA117 SRR31115SAMN444518191 A 2 0 2096 Leafy _ Gi

R

EC1810G028 PRIJNA117 SRR31115SAMN444518191 A 2 0 X096 Leafy _ Gi

R

EC180@30638 PRIJNA117 SRR31115SAMN4445181017¢B1 2 0 2096 Leafy _ Gi

R

EC1810G111 PRIJNA110 SRR28893SAMN4120012522 B1 2 0 X096 Leafy _ Gi

EC180@121 PRIJINA110 SRR28893SAMN4120012522 B1 2 0 1096 Leafy Gi

EC180@13 PRIJNA110 SRR28893SAMN4120016603 B2 2 0 1096 Leafy _Gi

EC1810G141 PRJNA110 SRR28893SAMN4120012522 B1 2 0 X096 Leafy Gi

=PM



Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1

accessio Accessi on Col |l ect ¢
EC1 116 PRIJNAII1L RR AMNA4 1 1357 B1 1 Ceaty Gl
EC180@126 PRIJNA110 SRR28893SAMN4120013576 B1 2 0 1096 Leafy _ Gi
EC180@13% PRIJINA110 SRR28893SAMN4120013576 B1 2 0 1096 Leafy _ Gi
EC180@1%8 PRINA110 SRR28893SAMN41200110 A 2 0 X096 Leafy_ Gl
EC180@128 PRIJNA110 SRR28893SAMN4120012973 A 2 0 1096 Leafy G
EC180@138 PRIJNA110 SRR28893SAMN4120011514 B1 2 0 X096 Leafy_ Gl
EC180@148 PRIJINA110 SRR28893SAMN41200157 E 2 0 1096 Leafy _ Gi
EC180@3212 PRINA110 SRR28893SAMN4120015478 B1 2 0 X096 Leafy_Gi
EC180@322 PRIJNA110 SRR28893SAMN4120013568 cl adel | 20 1096 Leafy_ Gl
EC180@232 PRIJINA110 SRR28893SAMN4120015478 B1 2 0 1096 Leafy _ Gi
EC1840@313 PRINA110 SRR28893SAMN4120011684 A 2 0 X097 Leafy _ Gi
EC1810&E323 PRIJNA110 SRR28893SAMN4120015614 B1 2 0 2097 Leafy _ Gi
EC180@33383 PRIJINA110 SRR28893SAMN4120015156 F 2 0 X097 Leafy _ Gi
EC1840G319 PRINA110 SRR28893SAMN412001642 B1l 2 0 2097 Leafy _ Gi
EC1840G329 PRIJNA110 SRR28893SAMN412001642 B1l 2 0 2097 Leafy _ Gi
EC180@333% PRIJNA110 SRR28893SAMN412001642 B1 2 0 X097 Leafy _ Gi
EC1810G39 PRIJNA110 SRR28893SAMN412001642 B1l 2 0 2097 Leafy _ Gi
EC1840@417 PRIJNA110 SRR28893SAMN4120011167 B1 2 0 2098 Leafy _ Gi
EC1840@&510 PRIJNA117 SRR31115SAMN4445184038 B1 2 0 1008 Leafy _ Gi
EC180@520 PRIJNA117 SRR31115SAMN4445184038 B1 2 0 1098 Leafy_ Gi
EC180@514 PRINA110 SRR28893SAMN41200118 E 2 0 2098 Leafy _ Gi
Novel

=PN



Appendi x 2: Accession information, multil ocus sequence types,

the 1,067 Ecchplrétcéemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1

accessio Accessi on Coll ect ¢

EC1 524 PRJNA11 RR AMNA4 1 11 E 1 Leafy_g
Novel

EC1810@534 PRIJNA110 SRR28893SAMN41200118 E 2 0 1098 Leafy Gl
Novel

EC1810@615 PRINA110 SRR28893SAMN4120016188 B1 2 0 1099 Leafy Gi

EC1810@625 PRIJNA110 SRR28893SAMN412001196 D 2 0 1099 Leafy _ Gi

EC1810@63 PRIJNA110 SRR28893SAMN4120016188 B1 2 0 1099 Leafy Gi

EC1810@645 PRIJNA110 SRR28893SAMN41200128 B2 2 0 1099 Leafy Gi

EC1840G71 PRIJNA117 SRR31115SAMN444518297 B1 2 0 1099 Leafy _ Gi

EC1810C721 PRIJNA117 SRR31115SAMN444518297 B1 2 0 1099 Leafy Gi

EC180@74 PRINA110 SRR28893SAMN41200119 B1 2 0 1099 Leafy Gl
Novel

EC1810C7%24 PRIJNA110 SRR28893SAMN41200119 B1 2 0 1099 Leafy Gi
Novel

EC1840C %34 PRINA110 SRR28893SAMN412001109 B1 2 0 1099 Leafy _ Gi
Novel

EC1810C74 PRJIJNA110 SRR28893SAMN41200119 B1 2 0 1099 Leafy Gi
Novel

EC1840G*7#17 PRINA110 SRR28893SAMN4120011844 B1 2 0 1099 Leafy _ Gi

EC1840@813 PRIJINA110 SRR28893SAMN4120011514 B1 2 0 1190 Leafy Gi

EC18402823 PRIJNA110 SRR28893SAMN4120011514 B1 2 0 3190 Leafy Gi

EC1840283 PRIJNA110 SRR28893SAMN4120011514 B1 2 0 3190 Leafy Gi

EC1840@843 PRIJNA110 SRR28893SAMN4120011514 B1 2 0 1190 Leafy Gi

EC180G87 PRINA110 SRR28893SAMN41200156 B1 2 0 1190 Leafy Gi

11
T



Appendi x 2: Accession informati on, multil ocus sequence types,
the 1,067 Ecchplrétcéemomes i generated within this study
Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
ECI1 7 PRIJINAII1 RR AMNA4 1 15 B1 11 Leafy_g
EC180@83% PRIJNA110 SRR28893SAMN41200156 B1 2 0 3190 Leafy _ Gi
EC1840@917 PRIJNA110 SRR28893SAMN412001196 B1 2 0 1191 Leafy _ Gi
EC1840G3927 PRINA110 SRR28893SAMN41200134 A 2 0 1191 Leafy Gi
EC1840@937 PRIJNA110 SRR28893SAMN41200120 B1 2 0 1191 Leafy G
Novel
EC1840G918 PRIJNA110 SRR28893SAMN412001448 B1 2 0 1191 Leafy Gi
EC180@928 PRJNA110 SRR28893SAMN412001448 B1 2 0 1191 Leafy G
EC180G012 PRIJNA117 SRR31115SAMN4445185328 B2 2 0 1191 Leafy Gi
EC180G02 PRIJNA117 SRR31115SAMN4445185328 B2 2 0 1191 Leafy _ Gi
EC18PK0OI2 PRINA117 SRR31115SAMN444518625 B2 2 0 1085 Por k
EC18PK02 PRIJNA117 SRR31115SAMN444518710 A 2 0 1085 Por k
EC18PKR0O3x2 PRIJNA117 SRR31115SAMN4445181434 A 2 0 1085 Por k
EC18PK042 PRINA117 SRR31115SAMN4445181434 A 2 0 1085 Por k
EC18PKROI3 PRINA117 SRR31115SAMN44451810 A 2 0 1085 Por k
EC18PKO023 PRINA117 SRR31115SAMN44451810 A 2 0 1085 Por k
EC18PKRO3 PRINA117 SRR31115SAMN44451821 A 2 0 1085 Por k
Novel
EC18PKO043 PRINA117 SRR31115SAMN44451810 A 2 0 1085 Por k
EC18PKO17 PRINA117 SRR31115SAMN444518345 B1 2 0 1085 Por k
EC18PKR0O2Z7 PRIJINA117 SRR31115SAMN444518345 B1 2 0 1085 Por k
EC18PK0O37 PRINA117 SRR31115SAMN44451823 C 2 0 1085 Por k
EC18PKR0O4/ PRINA117 SRR31115SAMN44451823 C 2 0 1085 Por k

=PO



Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study
Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Col |l ect ¢
EC1 PRIJINAL117/ RR31115SAMN4445181011 D 1085 Por k
EC18PKO028 PRINA117 SRR31115SAMN444518155 B1 2 0 1085 Por k
EC18PKO0O3B PRINA117 SRR31115SAMN4445181148 B1 2 0 1085 Por k
EC18PK0648 PRINA117 SRR31115SAMN444518155 B1 2 0 1085 Por k
EC18PKII0 PRINAL117 SRR31115SAMN444518942 B1 2 0 1087 Por k
EC18PK 120 PRIJNA117 SRR31115SAMN4445181434 A 2 0 2087 Por k
EC18PK 10 PRINA117 SRR31115SAMN4445181434 A 2 0 1087 Por k
EC18PK 140 PRIJNA117 SRR31115SAMN4445181434 A 2 0 2087 Por k
EC18PK 11 PRIJNA117 SRR31115SAMN4445182531 A 2 0 1088 Por k
EC18PK 121 PRIJNA117 SRR31115SAMN4445192531 A 2 0 1088 Por k
EC18PK 31 PRIJNA117 SRR31115SAMN44451982531 A 2 0 1088 Por k
EC18PKR 14 PRIJNA117 SRR31115SAMN4445192531 A 2 0 1088 Por k
EC18®PK 2 PRINA117 SRR31115SAMN444519891429 A 2 0 1088 Por k
EC18PKR1I2 PRINA117 SRR31115SAMN4445191429 A 2 0 1088 Por k
EC18PKR1Ix2Z PRINAL117 SRR31115SAMN4445191429 A 2 0 1088 Por k
EC18®PK 3 PRINA117 SRR31115SAMN44451910 A 2 0 1088 Por k
EC18PKR1I2Z PRINA117 SRR31115SAMN4445191972 A 2 0 1088 Por k
EC18PK 13 PRINA117 SRR31115SAMN44451981972 A 2 0 1088 Por k
EC18PKR 143 PRIJNA117 SRR31115SAMN444519216 A 2 0 1088 Por k
EC18PK 14 PRINAL117 SRR31115SAMN4445194704 A 2 0 1088 Por k
EC18PK 124 PRINAL117 SRR31115SAMN4445194704 A 2 0 1088 Por k
EC18PR1IH4A PRINAL117 SRR31115SAMN4445194704 A 2 0 1088 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC 1L T4 PRINALL/ SRRS111I5SAMNA445194704 A 20 1088 POTr K
EC18PKR1IS PRINAL117 SRR31115SAMN444519111 B1 2 0 1088 Por k
EC18PKR1Ix5 PRINAL117 SRR31115SAMN4445191214 B1 2 0 1088 Por k
EC18PKR PRIJNA117 SRR31115SAMN444519111 B1 2 0 1088 Por k
EC18PKR 116 PRINAL117 SRR31115SAMN444519216 A 2 0 1089 Por k
EC18PKR1I26 PRIJNA117 SRR31115SAMN444519216 A 2 0 1089 Por k
EC18PKR 136 PRIJNAL117 SRR31115SAMN444519216 A 2 0 1089 Por k
EC18PKIM6 PRIJNA117 SRR31115SAMN444519216 A 2 0 1089 Por k
EC18PKI1I7 PRINA117 SRR31115SAMN444519101 B1 2 0 1089 Por k
EC18PKR 127 PRINAL117 SRR31115SAMN444519101 B1 2 0 1089 Por k
EC18PKRI3Y PRINA117 SRR31115SAMN444519101 B1 2 0 1089 Por k
EC18PKR M4/ PRIJNA117 SRR31115SAMN444519101 B1 2 0 1089 Por k
EC18PKI18 PRIJNA117 SRR31115SAMN444519541 A 2 0 1089 Por k
EC18PKR 48 PRIJNA117 SRR31115SAMN444519131 B2 2 0 1089 Por k
EC18PKR 19 PRIJNA117 SRR31115SAMN4445191718 A 2 0 1089 Por k
EC18PK 1V PRINA117 SRR31115SAMN4445191718 A 2 0 1089 Por k
EC18PKR 149 PRIJNA117 SRR31115SAMN4445191718 A 2 0 1089 Por k
EC18PK210 PRINA117 SRR31115SAMN444519399 A 2 0 1089 Por k
EC18PK211 PRIJINA117 SRR31115SAMN4445195474 B1 2 0 1089 Por k
EC18PKR221 PRIJINA117 SRR31115SAMN4445195474 Bl 2 0 1089 Por k
EC18PKR231 PRINA117 SRR31115SAMN4445195474 Bl 2 0 1089 Por k
EC18PK241 PRIJNA117 SRR31115SAMN4445195474 Bl 2 0 1089 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
ECI1 PRIJNAI1I1Y RR31115SAMN44451 i B1 ! Por k
EC18PK229 PRIJNA117 SRR31115SAMN444519677 B1 2 0 1089 Por k
EC18PK239 PRIJNA117 SRR31115SAMN444519677 B1 2 0 1089 Por k
EC18PK249 PRIJNA117 SRR31115SAMN444519635 A 2 0 1089 Por k
EC18PK310 PRIJNA117 SRR31115SAMN4445191434 A 2 0 1089 Por k
EC18PK320 PRIJNA117 SRR31115SAMN44451923 A 2 0 1089 Por k
Novel
EC18PK330 PRIJNA117 SRR31115SAMN44451923 A 2 0 1089 Por k
Novel
EC18PK340 PRINA117 SRR31115SAMN4445191434 A 2 0 1089 Por k
EC18PKR312 PRINA117 SRR31115SAMN44451910 A 2 0 1089 Por k
EC18PK32 PRINA117 SRR31115SAMN44451910 A 2 0 1089 Por k
EC18PKR3x2 PRINA117 SRR31115SAMN44451910 A 2 0 1089 Por k
EC18PKR342 PRIJNA117 SRR31115SAMN44451910 A 2 0 1089 Por k
EC18PK3I13 PRINA117 SRR31115SAMN444519201 B1 2 0 1089 Por k
EC18PKR32Z3Z PRINA117 SRR31115SAMN4445191248 B1 2 0 1089 Por k
EC18PK3xB PRINA117 SRR31115SAMN4445191079 B1 2 0 1089 Por k
EC18PKR343 PRIJINA117 SRR31115SAMN4445191079 B1 2 0 1089 Por k
EC18PK35 PRINA117 SRR31115SAMN4445195082 B1 2 0 1089 Por k
EC18PK3% PRIJINA117 SRR31115SAMN4445192178 B1 2 0 1089 Por k
EC18PKR3x5 PRINA117 SRR31115SAMN444519648 F 2 0 1089 Por k
EC18PK34% PRIJNA117 SRR31115SAMN4445195082 B1 2 0 1089 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC 1L 16 PRINALL/’ SRRO1110SAMNZ4451 Z A 20 1089 POl K
Novel
EC18PKR326 PRIJNAL117 SRR31115SAMN444519635 A 2 0 1089 Por k
EC18PKR336 PRINA117 SRR31115SAMN44451924 A 2 0 1089 Por k
Novel
EC18PKR346 PRIJNA117 SRR31115SAMN444519214 A 2 0 1089 Por k
Novel
EC18PK38 PRINA117 SRR31115SAMN444519641 B1 2 0 1089 Por k
EC18PKR3I28 PRINAL117 SRR31115SAMN444519641 B1 2 0 1089 Por k
EC18PKR3I3 PRINAL117 SRR31115SAMN444519641 B1 2 0 1089 Por k
EC18PKR34 PRIJNA117 SRR31115SAMN444519641 B1 2 0 1089 Por k
EC18PKR410 PRIJNA117 SRR31115SAMN4445191684 A 2 0 13180 Por k
EC18PKR420 PRJIJNA117 SRR31115SAMN444519101 B1 2 0 1180 Por k
EC18PKR411 PRIJNA117 SRR31115SAMN4445195474 Bl 2 0 3180 Por k
EC18PKR421 PRIJNA117 SRR31115SAMN4445191204 D 2 0 1180 Por k
EC18PK518 PRIJINA117 SRR31115SAMN444519971 B1 2 0 1180 Por k
EC18PKR528 PRINA117 SRR31115SAMN44451990 C 2 0 3180 Por k
EC18PK519 PRIJINA117 SRR31115SAMN444519101 B1 2 0 1180 Por k
EC18PKR5209 PRIJNA117 SRR31115SAMN444519409 A 2 0 3180 Por k
EC18PKR614 PRINA117 SRR31115SAMN4445194247 E 2 0 1180 Por k
EC18PKR624 PRIJNA117 SRR31115SAMN4445194247 E 2 0 3180 Por k
EC18PKR65 PRIJINA117 SRR31115SAMN4445196745 E 2 0 3180 Por k
EC18PKR65S PRINAL117 SRR31115SAMN44451910 A 2 0 1180 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect ¢

EC1 16 PRIJNAI1I17Y RR31115SAMN444519101 B1 1 Por k

EC18PKR617 PRINA117 SRR31115SAMN444519131 B2 2 0 3180 Por k

EC18PKR627 PRINA117 SRR31115SAMN444520131 B2 2 0 3180 Por k

EC18PKR619 PRINA117 SRR31115SAMN444520131 B2 2 0 1180 Por k

EC18PKR629 PRINA117 SRR31115SAMN444520131 B2 2 0 3180 Por k

EC18PK 710 PRIJNA117 SRR31115SAMN44452025 B1 2 0 1180 Por k
Novel

EC18PR 7?70 PRIJNA117 SRR31115SAMN44452025 B1 2 0 3180 Por k
Novel

EC18PK 711 PRIJNA117 SRR31115SAMN44452026 B1 2 0 1180 Por k
Novel

EC18PKR 721 PRINA117 SRR31115SAMN44452026 B1 2 0 1180 Por k
Novel

EC18PK 713 PRIJNA117 SRR31115SAMN44452027 B1 2 0 1181 Por k
Novel

EC18PKR %23 PRINA117 SRR31115SAMN44452027 B1 2 0 1181 Por k
Novel

EC18PK 7?14 PRIJNA117 SRR31115SAMN444520401 A 2 0 1181 Por k

EC18PKR 7724 PRINA117 SRR31115SAMN444520401 A 2 0 1181 Por k

EC18PK %5 PRIJNA117 SRR31115SAMN444520361 A 2 0 1181 Por k

EC18PR?5 PRIJNA117 SRR31115SAMN44452010 A 2 0 1181 Por k

EC18#PK 716 PRINA117 SRR31115SAMN44452013 B1 2 0 1181 Por k

EC18PK %26 PRIJNA117 SRR31115SAMN44452013 B1 2 0 1181 Por k

EC18#PKR 717 PRINA117 SRR31115SAMN44452010 A 2 0 1181 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
EC1 72/ PRONALL’ SRR3I1110PSAMNA425 1 A 20 1181 Por K
EC18PK78 PRINA117 SRR31115SAMN44452010 A 2 0 1181 Por k
EC18PK?78 PRIJNA117 SRR31115SAMN44452028 A 2 0 1181 Por k
Novel
EC18PKR 719 PRIJNA117 SRR31115SAMN4445201244 A 2 0 1181 Por k
EC18PKR %2 PRJIJNA117 SRR31115SAMN4445201244 A 2 0 1181 Por k
EC18PKRB80 PRIJNA117 SRR31115SAMN4445206150 A 2 0 1181 Por k
EC18PKR811 PRINA117 SRR31115SAMN444520348 B1 2 0 1181 Por k
EC18PK81 PRIJNA117 SRR31115SAMN444520348 B1 2 0 1181 Por k
EC18PKR82 PRIJNA117 SRR31115SAMN44452010 A 2 0 1181 Por k
EC18PKR82 PRIJNA117 SRR31115SAMN44452010 A 2 0 1181 Por k
EC18PK84 PRINA117 SRR31115SAMN444520345 B1 2 0 1181 Por k
EC18PKR84 PRIJNA117 SRR31115SAMN444520847 B1 2 0 1181 Por k
EC18PKRB85 PRIJINA117 SRR31115SAMN44452058 B1 2 0 1181 Por k
EC18PKR85 PRIJNA117 SRR31115SAMN44452058 B1 2 0 1181 Por k
EC18PKB6 PRIJNA117 SRR31115SAMN444520101 B1 2 0 1181 Por k
EC18PKR87 PRINA117 SRR31115SAMN44452075 B1 2 0 1181 Por k
EC18PKR877 PRINA117 SRR31115SAMN44452075 B1 2 0 1181 Por k
EC18PKB88 PRIJINA117 SRR31115SAMN44452010 A 2 0 1181 Por k
EC18PKR88 PRIJNA117 SRR31115SAMN44452024 A 2 0 1181 Por k
Novel
EC18PKR8B89 PRIJNA117 SRR31115SAMN444520165 A 2 0 1181 Por k
EC18PKR89 PRIJNA117 SRR31115SAMN444520453 B1 2 0 1181 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
ECI1 10 PRINA11Y RR31115SAMN4445 101 B1 1181 Por k
EC18#PK920 PRIJNA117 SRR31115SAMN444520101 B1 2 0 3181 Por k
EC18PK911 PRIJNA117 SRR31115SAMN444520101 B1 2 0 3181 Por k
EC18PK921 PRIJNA117 SRR31115SAMN444520101 B1 2 0 1181 Por k
EC18PK918 PRIJNA117 SRR31115SAMN4445202628 B1 2 0 3182 Por k
EC18PK928 PRIJNA117 SRR31115SAMN4445204580 B1 2 0 1182 Por k
EC18PK919 PRIJNA117 SRR31115SAMN444520216 A 2 0 3182 Por k
EC18PKR92 PRIJNA117 SRR31115SAMN4445204994 cl adel 20 1182 Por k
EC18PK0O17 PRINA117 SRR31115SAMN444520216 A 2 0 1182 Por k
EC18®PK129 PRIJNA117 SRR31115SAMN44452029 A 2 0 1001 Por k
Novel
EC18#P#K 210 PRINA117 SRR31115SAMN44452088 C 2 0 1091 Por k
EC18PH 220 PRIJNA117 SRR31115SAMN444520410 C 2 0 1091 Por k
EC18#PK 211 PRINA117 SRR31115SAMN444520117 G 2 0 1091 Por k
EC18PH 221 PRIJNA117 SRR31115SAMN444520117 G 2 0 1091 Por k
EC18#PK212 PRINA117 SRR31115SAMN444520117 G 2 0 1091 Por k
EC18PH 22 PRIJNA117 SRR31115SAMN444520117 G 2 0 1091 Por k
EC18PH 213 PRIJINA117 SRR31115SAMN44452010 A 2 0 1091 Por k
EC18PK 223 PRINA117 SRR31115SAMN4445206778 A 2 0 1091 Por k
EC18PH 214 PRINA117 SRR31115SAMN44452030 B1 2 0 1091 Por k
Novel
EC18PK 224 PRINA117 SRR31115SAMN44452030 B1 2 0 1091 Por k
Novel

=2N



Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 K26 PRJNALLY/ RR31115SAMN4445 5474 Bl 1091 Por k
EC18PH 26 PRINA117 SRR31115SAMN444520635 A 2 0 1001 Por k
EC18PH 217 PRINA117 SRR31115SAMN444520131 B2 2 0 1001 Por k
EC18PK 227 PRINA117 SRR31115SAMN444520101 B1 2 0 1001 Por k
EC18PH 218 PRINA117 SRR31115SAMN444520567 B2 2 0 1001 Por k
EC18RPKH 28 PRIJNA117 SRR31115SAMN44452010 A 2 0 1001 Por k
EC18PH 30 PRINAL117 SRR31115SAMN444520448 B1 2 0 1001 Por k
EC18PKH 320 PRIJNA117 SRR31115SAMN44452058 B1 2 0 1001 Por k
EC18PHK 311 PRIJNAL117 SRR31115SAMN44452031 B1 2 0 1001 Por k
Novel
EC18PH 321 PRIJNA117 SRR31115SAMN44452031 B1 2 0 1001 Por k
Novel
EC18PH 312 PRINAL117 SRR31115SAMN44452031 B1l 2 0 1091 Por k
Novel
EC18PKH32 PRIJNA117 SRR31115SAMN4445201308 B1 2 0 1001 Por k
EC18PHK 313 PRINA117 SRR31115SAMN444520542 A 2 0 1001 Por k
EC18PH 323 PRINA117 SRR31115SAMN44452046 A 2 0 1091 Por k
EC18PKH 314 PRINA117 SRR31115SAMN44452010 A 2 0 1001 Por k
EC18PH 324 PRINA117 SRR31115SAMN44452010 A 2 0 1091 Por k
EC18®PHK 315 PRIJNA117 SRR31115SAMN444520542 A 2 0 1001 Por k
EC18PH 35 PRINAL117 SRR31115SAMN444520542 A 2 0 1091 Por k
EC18#PH 316 PRINAL117 SRR31115SAMN4445202705 A 2 0 2092 Por k
EC18PKH326 PRIJNA117 SRR31115SAMN4445202705 A 2 0 092 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
ECI1 K3/ PRINAL11Y RR31115SAMN4445 5 B1 ! Por k
EC18®PHK 327 PRINA117 SRR31115SAMN44452010 A 2 0 1092 Por k
EC18#PHK 318 PRINA117 SRR31115SAMN444520351 B1 2 0 1092 Por k
EC18PK 410 PRIJNA117 SRR31115SAMN444520446 B1 2 0 1092 Por k
EC18PK 420 PRIJNA117 SRR31115SAMN4445201431 B1 2 0 1092 Por k
EC18PK 411 PRIJNA117 SRR31115SAMN444520446 B1 2 0 1092 Por k
EC18®PK 421 PRIJNA117 SRR31115SAMN444520446 B1 2 0 1092 Por k
EC18#PK 412 PRINA117 SRR31115SAMN4445201434 A 2 0 1092 Por k
EC18PK 42 PRIJNA117 SRR31115SAMN4445201434 A 2 0 1092 Por k
EC18®PHK 413 PRIJNA117 SRR31115SAMN444520101 B1 2 0 1092 Por k
EC18PK 423 PRIJNA117 SRR31115SAMN444520101 B1 2 0 1092 Por k
EC18PH 414 PRIJNA117 SRR31115SAMN444520131 B2 2 0 1092 Por k
EC18#PK 418 PRINA117 SRR31115SAMN44452058 B1 2 0 1092 Por k
EC18PH 428 PRIJNA117 SRR31115SAMN44452093 A 2 0 1092 Por k
EC18PH 419 PRIJNA117 SRR31115SAMN4445202705 A 2 0 1092 Por k
EC18PK 420 PRIJNA117 SRR31115SAMN444520847 B1 2 0 1092 Por k
EC18PH513 PRINA117 SRR31115SAMN444520108 D 2 0 1092 Por k
EC18PK523 PRIJNA117 SRR31115SAMN444520398 A 2 0 1092 Por k
EC18PH514 PRINA117 SRR31115SAMN44452032 B1 2 0 1092 Por k
Nov el
EC18PK524 PRINA117 SRR31115SAMN44452032 B1 2 0 1092 Por k
Novel
EC18#PR013 PRINA110 SRR28893SAMN4120012967 A 2 0 X096 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
"ECLOPROB PRIJNALLIO SRR2O0B0ASAMNALI200129067 A 20 1006 POl K
EC18PR0O33 PRIJNA110 SRR28893SAMN4120012967 A 2 0 X096 Por k
EC18®#R 210 PRINA117 SRR31115SAMN444520101 B1 2 0 1096 Por k
EC18PR220 PRIJNA117 SRR31115SAMN444520101 B1 2 0 1096 Por k
EC18®PR211 PRIJNA110 SRR28893SAMN4120012035 A 2 0 X096 Por k
EC18PR221 PRINA110 SRR28893SAMN41200133 A 2 0 1096 Por k
Novel
EC18#PR 231 PRIJNA110 SRR28893SAMN4120015409 B1 2 0 X096 Por k
EC18PR 241 PRIJNA110 SRR28893SAMN412001898 A 2 0 1096 Por k
EC18®PR 214 PRINA117 SRR31115SAMN444520540 A 2 0 1097 Por k
EC18PR224 PRIJNA117 SRR31115SAMN444521847 B1 2 0 1097 Por k
EC18PR215 PRINA110 SRR28893SAMN41200134 E 2 0 1097 Por k
Novel
EC18PR25 PRIJNA110 SRR28893SAMN412001215 A 2 0 1097 Por k
EC18PR23%5 PRIJINA110 SRR28893SAMN41200110 A 2 0 1097 Por k
EC18PR 2456 PRIJINA110O SRR28893SAMN41200110 A 2 0 1097 Por k
EC18P$PR 310 PRINA110 SRR28893SAMN41200110 A 2 0 1097 Por k
EC18®P#R320 PRIJNA110 SRR28893SAMN41200110 A 2 0 x097 Por k
EC18P$PR 330 PRINA110 SRR28893SAMN41200210 A 2 0 1097 Por k
EC18PR 340 PRINA110 SRR28893SAMN41200210 A 2 0 1097 Por k
EC18#PR315 PRINA110 SRR28893SAMN412002196 B1 2 0 X097 Por k
EC18PR35 PRIJNA110 SRR28893SAMN412002847 B1 2 0 1097 Por k
EC18PR335 PRIJNA110 SRR28893SAMN412002847 B1 2 0 1097 Por k

=20



Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accessi on Coll ect €
ECI1 45 PRINAITIL RR AMNA4 1 1 B1 1007 Por k
EC18®PR 410 PRIJNA110 SRR28893SAMN412002165 A 2 0 1098 Por k
EC18®PR420 PRIJNA110 SRR28893SAMN412002165 A 2 0 1098 Por k
EC18PR 430 PRIJNA110 SRR28893SAMN412002165 A 2 0 1098 Por k
EC18PR 440 PRIJNA110 SRR28893SAMN412002165 A 2 0 1098 Por k
EC18PR 412 PRINA110 SRR28893SAMN41200210 A 2 0 1098 Por k
EC18PR42 PRIJNA110 SRR28893SAMN41200210 A 2 0 1098 Por k
EC18PR 432 PRIJNA110 SRR28893SAMN41200248 A 2 0 1098 Por k
EC18PR 442 PRIJNA110 SRR28893SAMN41200210 A 2 0 1098 Por k
EC18®PR 413 PRINA117 SRR31115SAMN44452135 A 2 0 1098 Por k
Novel
EC18PR 423 PRIJNA117 SRR31115SAMN44452135 A 2 0 1098 Por k
Novel
EC18PR510 PRIJINA117 SRR31115SAMN44452110 A 2 0 1098 Por k
EC18PR520 PRIJNA117 SRR31115SAMN444521641 B1 2 0 1098 Por k
EC18PR511 PRIJINA117 SRR31115SAMN444521349 D 2 0 1098 Por k
EC18PR521 PRINA117 SRR31115SAMN44452110 A 2 0 1098 Por k
EC18PR515 PRIJNA110 SRR28893SAMN4120021434 A 2 0 1098 Por k
EC18PR518 PRINA117 SRR31115SAMN444521472 A 2 0 1099 Por k
EC18PR519 PRINA117 SRR31115SAMN444521641 B1 2 0 1099 Por k
EC18PR509 PRIJNA117 SRR31115SAMN444521101 B1 2 0 1099 Por k
EC18PR624 PRIJNA117 SRR31115SAMN444521101 B1 2 0 1099 Por k
EC18PR615 PRIJINA117 SRR31115SAMN4445211308 B1 2 0 1099 Por k
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Appendi x 2: Accession information, multilocus sequence types,
the 1,067 Ecchelretc@gemomes i generated within this study

Genome Bi oprojecAccessi oBi osample ST Phyl ogr Dat e Commodi 1
accessio Accession Col |l ect ¢
EC1 PRIJINAL117/ RR31115SAMN4445211 B1 1 Por k
EC18PR616 PRINAL110 SRR28893SAMN412002162 B1 2 0 1099 Por k
EC18PR626 PRINA110 SRR28893SAMN4120022967 A 2 0 1099 Por k
EC18PR63 PRINA110 SRR28893SAMN41200258 B1 2 0 X099 Por k
EC18PR617 PRINAL117 SRR31115SAMN4445212967 A 2 0 1099 Por k
EC18PR627 PRINA117 SRR31115SAMN4445212967 A 2 0 X099 Por k
EC18PR 712 PRINA110 SRR28893SAMN4120021844 B1 2 0 1099 Por k
EC18BR 72 PRIJNA110 SRR28893SAMN4120021844 B1 2 0 2099 Por k
EC18BR 72 PRIJNA110 SRR28893SAMN4120021125 B1 2 0 X099 Por k
EC18PR 75 PRINA110 SRR28893SAMN412002410 C 2 0 1099 Por k
EC18BR75 PRIJNA110 SRR28893SAMN412002410 C 2 0 X099 Por k
EC18PR80 PRINA110O SRR28893SAMN4120021020 B1 2 0 1190 Por k
EC18®R80 PRINA110 SRR28893SAMN412002131 B2 2 0 3190 Por k
EC18PR80V PRINA110 SRR28893SAMN412002131 B2 2 0 1190 Por k
EC18PR85 PRIJNA117 SRR31115SAMN44452124 A 2 0 3190 Por k
Novel

EC18PR92 PRIJNA117 SRR31115SAMN444521361 A 2 0 3190 Por k
EC18PR912 PRINA110 SRR28893SAMN412002164 B1 2 0 1190 Por k
EC18®R016 PRINA110 SRR28893SAMN412002399 A 2 0 3191 Por k
EC18PR026 PRINA110 SRR28893SAMN412002399 A 2 0 1191 Por k
EC18PRO0O11 PRINA117 SRR31115SAMN444521226 A 2 0 1085 Prawns
EC18PR0O2L PRINA117 SRR31115SAMN4445211079 B1l 2 0 1085 Prawns
EC18®RO031 PRINA117 SRR31115SAMN444521607 A 2 0 1085 Prawns
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