Genomic and evolutionary analysis of Clostridium difficile ST11: a
genetically diverse lineage of significant One Health importance
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BACKGROUND, STUDY AIMS AND STRAIN COLLECTION s g 8 Zggg‘gg;ngmme) e Gra,ﬂd(o/:)‘”a' METHODS
C. difficile sequence type (ST) 11 is a diverse evolutionary lineage comprising at least 5 | QX528 (A'B*CDT") 1 0 0 1(0.5) C. difficile culture, PCR ribotyping, toxin gene
PCR ribotypes (RTs) that contribute considerably to the global burden of C. difficile i ‘ RTO78 (WB'CDT)! 30 10 0 40(193) PCR, antimicrobial susceptibility testing (MIC)
_ _ _ _ _ _ _ _ B RT126 (A'B'CDT)* 58 11 O 69 (33.3) . .
1
Infection (CDI) in humans and production animals®. Increasing evidence of genetic Py ] RT127 (A'B7COT v 20 o 54 (261 and WGS (|IIum|ha) were per.formed as
overlap of RT 078, the most common ST11 sub-lineage, between humans and animals e | 0X360 (A'B*CDT") 1 0 o0 1(0.5) previously described*>. Detailed methods for
suggests that CDI may have a zoonotic or foodborne aetiology?23. However, almost SN QX399 (A'B°CDT) 1 0 0 1(05) the following bioinformatic analyses are
nothing is currently known about the phylogenomics of non-078 ST11 RTs 126, 127, 033 B ‘ ‘ QX009 (AB'CDT) i z 2 122 available in our recent publication®: in silico
— QX220 (A'B'CDT") : : :
and 288. Specifically, the exact evolutionary and epidemiological relationship between 7 ] oxaos WE'COTY 1 0 0 L 05 mU”.'?'OCUS sequence tying (MLST) and AMR
these RTs and RT078, and the antimicrobial resistance (AMR) repertoire and zoonotic — L ] QX124 (AB'CDT) 1 0 0 1(05) profiling (ResFinder, BIGSdb, SRST2); core
potential of these ST11 sub-lineages, remain open questions. - RT033 (AB'CDT') 16 7 5 280139 orthologous gene analysis (MAFFT, RAXML,
bes 8 RT288 (ABCDT) 40 > (24) GET_HOMOLOGUES, ClonalframeML,); core
Here, whole genome sequencing (WGS) and high-resolution core genome phylogenetics B — ‘B*CDT* 1 0 0 1(0.5) - _ ) _ g
J _ a 9 ) J o J _ PIYIog i 2O (A+B+CDT+) genome single nucleotide variant (SNV)
were used to examine relatedness and clonal transmission in a collection of 207 ST11 6 NI QX538 (A'BCDT) 00 103) _
. .. . . . . | QX149 (A'B*CDT) 1 0 0 1(0.5) analysis (SMALT, SAMtools, vcftools, SnpEff,
Isolates of clinical (n=150) and veterinary/environmental (n=57) origin from Australia and L . .
| | | | | | ] oxaeaBcoT) 1 0 o0 1(05) Gubbins and RAXML); pan-genome analysis
12 countries across Asia, Europe and North America (16 RTs including major ST11 sub- | - Total 150 525 207 (Roary and PanGP); prophage analysis
lineages 078, 126, 127, 033 and 288, Fig. 1). We also characterised the ST11 resistome,  Flgure 1 Molecular epidemiology of C. difficile strain population | | o
_ _ _ Dendrogram cluster analysis of 16s-23s rRNA intergenic spacer region (ISR) banding (PHASTER); and transposon characterisation
pan-genome, and prophage content in this population. patterns for 16 unique C. difficile ST11 RTs analysed in this study (n=207).

(MUMmer, Artemis, EasyFig).

Origin: CLIN, clinical; VET, veterinary; ENV, environmental.

Intra- and interspecies transmission of globally disseminated ST11 ST11 shows high levels of AMR mediated by DNA gyrase mutations and
clones provides compelling evidence that CDI may have a zoonotic or a diverse reservoir of clinically important transposable elements

foodborne aetiology Genotype Phenotype-genotype

Phenotype : d
AMR gene(s) N  Genomic context concoraance
© C083; Human, CDI; JPN; Tokyo; HCF27; 2010 Intrinsic
@ C086; Human, CDI; JPN; Tokyo; HCF27; 2010 ; :
_I.i. V046; Human, (asymp-otmatic farmer); NLD; Rijen; FRM15; 2011 .cosz; Human, CDI; JPN; Tokyo; HCF27; 2010 FluoquUI n0|0 ne gyrA 47 QRDR mUtatlon Thr82 | |e 0
C130; Human, CDI; NLD; Groningen; HCF49; 2007 @ Co85: Human, CDI: JPN: Tokyo: HCF27; 2010 . t 27 . 6 ] I I I I 100 /0
@ C113; Human, CDI; AUS; NSW; HCF03; 2011 i HER ; ; resistance .
B @ C036; Human, CDI; ITA; Lombardia; HCF31; 2013 @ C081; Human, CDI; JPN; Tokyo; HCF27; 2010 gyrB 6 QRDR mutations: Ser366Va ! Ser416A a, As p426Asn’ Glu466Va
@ C121; Human, CDI; AUS; QLD; HCF10; 2012 @ C084; Human, CDI; JPN; Tokyo; HCF27; 2010 i
@ €146 (QX528); Human, CDI; AUS; QLD; HCF10; 2015 C080; Human, CDI; ITA; Emilia Romagna; H;F:i?; 2001 Acquired
® 013:; :?::;a:?:;:er:r; )’Zf:::::;; :I;?:;::e;:r 1 FRM1S; 2011 V032; Porcine (pig), faeces; ITA; Emilia Romagna; FRM12; 2008 tetM 92 Tn6 190
|:. V043; Human, (asympotmatic farmer); NLD; Baarle-Nassau; FRM15; 2011 — (0 C075; Human, CDI; AUS; NSW; HCF03; 2006 . t t 44 6 T 6 164
—— @ C131; Human, CA-CDI; NLD; Zwolle; HCF55; 2007 | © C150 (QX538); Human, CDI; THA; Bangkok; HCF26; 2015 Tetracycll ne 427 et- n 100%
— @ C108; Human, CDI; AUS; WA; HCF19; 2016 C142 (QX216); Human, CDI; AUS; NSW; HCF03; 2015 . . . . 0
@ C135; Human, CDI; NLD; Rotterdam; HCF52; 2010 o caz _ )i Human o _ resistance tet-40 75 TMe asphaera elsdenii/Streptococcus suis
@ C149 (QX404); H CDI; TWN; T HCF28; 2011
i @ C127; Human, CDI; AUS; WA; HCF22; 2011 e (GX404); human, CDI; TWN; Tainan: ’
@ C122; Human, CDI; AUS; NSW; HCF03; 2012 @ €087; Human, CDI; TWN; Ta!nan; HCF28; 2011 tetO 1 TStreptococcus suis /Campylobacter jeju Ni
— @ C110; Human, CDI; AUS; WA; HCF19; 2016 @ c088; Human, CDI; TWN; Tainan; HCF28; 2012
| | @ C118; Human, CDI; AUS; WA; HCF22; 2006 C089; H , CDI; TWN; Taipei; HCF29; 2014 .
@ V042; Porcine (piglet), faeces; NLD; Heino; FRM15; 2011 ocis Qx:::-nu DL :Lp:_' WA: HOP19: 2012 M LSB resistance 38.9 ermB 27 Tn6194 36.1%
|. V048; Human, (asympotmatic farmer); NLD; Heino; FRM15; 2011 ( ); Human, ’ Y ’ P P + . . . .
| @ C148 (QX399); Human, CDI; NZL; Auckland; HCF25; 2012 @ €079; Human, CDI; AUS; WA; HCF22; 2005 aph3 -lll-sat4A-ant6-la 82 EryS|pe|0th rix rh US|0path lae
@ V047; Human, (asympotmatic farmer); NLD; Raamsdonksveer; FRM15; 2011 @ C073; Human, CDI; AUS; WA; HCF19; 2006 . . . T )
56133: Human, CDI; NLD; Breda; HCF48; 2008 © C068; Human, CDI; AUS; WA; HCF22; 2005 AmlnoegCOS|de " aaC6-aph2 4 Enterococcus faecalis f
@ C123; Human, CDI; AUS; NSW; HCF03; 2012 . el AL . . 100 N.A
@ C117; Human, CDI; AUS; VIC; HCF14; 2007 B e O et resistance 6-1 h2'-1b 2 T ; ; ; ; )
S = u = = = = - - -
e 011;; Huma;'l, CI:;I; AU,S; VI(,:: HCF1:,3; 2006 ® C139 (QX060); Human, CDI; AUS; NSW; HCF01; 2012 aac m ap Ente FOCOCCuUs faecal IS /ESChe”Ch Ia CO“
—— @ C107; Human, CA-CDI; AUS; VIC; HCF15; 2010 @ M120 ant6'|b'ant9'|a 6 Tn6164
n @ C120; Human, CDI; AUS; WA; HCF22; 2006
I—. C132; Human, CDI; NLD; Utrecht; HCF53; 2008 i
—— @ C026; Human, CDI; AUT; Unknown; HCF46; Unknown Tree C RT127 C I u Ster I Glycopeptlde O VanBz Operon 1 Tn1549 _|Ike (See Flg 3) O%
@ C048; Human, CDI; TWN; Tainan; HCF28; 2012 reS|Stance
| @ C019; Human, CDI; AUS; WA; HCF20; 2012
@ C024; Human, CDI; AUS; VIC; HCF13; 2007 @ C006; Human, CDI; AUS; NSW; HCF03; 2013 NS, non-susceptible; MLSB, macrolide-lincosamide-streptogramin-B phenotype; *c. difficile is inherently resistant to aminoglycosides; QRDR, quinolone resistance determining region; Tho discernible transposons were identified, gene(s) shared
@ C046; Human, CDI; TWN; Tainan; HCF28; 2011 @ V007; Bovine (calf), carcase washing; AUS; VIC; FRM09; 2013 100% homology with synonymous loci in other species
@ C015; Human, CDI; AUS; NSW; HCF03; 2013 @ V004; Bovine (calf), faeces; AUS; QLD; FRM04; 2012
@ C047; Human, CDI; TWN; Tainan; HCF28; 2012 _‘ @ V006; Bovine (calf), carcase washing; AUS; VIC; FRM09; 2013 ) . . .
| @ C009; Human, CDI; AUS; NSW; HCF04; 2012 @ V002; Bovine (calf), faeces; AUS; QLD; FRM04; 2012
T.Cﬂ’.&; Human, CDI; AUS; NSW; HCF09; 2007 @ V003; Bovine (calf), faeces; AUS; QLD; FRM04; 2012 Tablle 1 AMR IOCI 1 u nd.erlyl ng genom IC ConteXt and. aSSOCIated phenOtype ] .
@ V049; Porcine (piglet), faeces; NLD; Moergestel; FRM15; 2011 @ V005; Bovine (calf), faeces; AUS; VIC; FRMO08; 2012
o b vaas; Porcine (pglet, fasces; NLD; Woors L . Multiple AMR loci were identified and found to be carried on numerous conjugative transposons, many of which are
. , CDI; : Nlinois; : ® C140 (QX124); H , CDI; AUS; NSW; HCFO01; 2012 T o o L o o L : . T
@ oz, rumen, OOl USA linciay HoPaTi Unknewn [ @ Cr15; Human, DI, AUS; WA, HOR22: 2007 capable of transfer within C. difficile and between C. difficile and other species!:’. Non-synonymous mutations within gyrA
@ C044; H , CDL ITA; T ; HCF35; 2013 C074; Human, CDI; AUS; NSW; HCF03; 2005 T 1 1 T
o ot ot At o o : Go78: Human, GOI: AUS; WA: HGF23: 2006 and gyrB and the presence of tetR genes were both good predictors of antimicrobial phenotype. Conversely, the presence
@ C022; Human, CDI; AUS; NSW; HCF05; 2006 . @ V029; Bovine (calf), carcase washing; AUS; VIC; FRM10; 2013 . . . . . . . .
— : | © Vo15: Bovine (caf), fasces: AUS; VIC: FRHO0S; 2012 of ermB was a poor predictor of phenotype, indicating alternative mechanisms of MLSg resistance are in play.
_l. C005; Human, CDI; AUS; NSW; HCF03; 2012 E . C063; Human, CDI; AUS; NSW; HCF03; 2012
— @ V050; Porcine (piglet), faeces; NLD; Aaele-Rixtel; FRM15; 2011 : — @ C066; Human, CA-CDI; AUS; NSW; HCF03; 2013
— @ C025; Human, CDI (child); AUS; WA; HCF24; 2008 @ C059; Human, CDI; AUS; WA; HCF22; 2011
—— @ VO051; Human, (asympotmatic farmer); NLD; Houten; FRM15; 2011 H — @ C071; Human, CDI; AUS; NSW; HCF07; 2012
H @ C020; Human, CDI; AUS; NSW; HCF06; 2006 E @ V026; Bovine (calf), carcase washing; AUS; VIC; FRM09; 2013 . u u u . u
S i o s v e = | [ S e C. aifficile ST11 strain AlI0499 harbors a cryptic vanB2 resistance
. C008; Human, CDI; AUS; NSW; HCF03; 2013  aussuu=s E 6 SNVs . V028; Bovine (calf), carcase washing; AUS; VIC; FRM09; 2013 U
@ V045; Porcine (piglet), faeces; NLD; Hardenberg; FRM15; 2011 : @ V013; Bovine (calf), faeces; AUS; VIC; FRM10; 2012 . . .
| @ C114; Human, CDI; AUS: NSW: HOF08; 2012 : © V024; Bovine (calf), faeces; AUS; NSW; FRM03; 2012 t h f t h t f t h
@ C144; Human, CDI; AUS; NSW; HCF03; 2012 : @ co70; Human, CDI; AUS; NSW; HCF0S; 2012 O p e r O n y e I rS S u C re p O r O r I S S p eC I eS
@ C003; Human, CA-CDI; AUS; VIC; HCF13; 2011 E @ V017; Bovine (calf), faeces; AUS; VIC; FRM08; 2012
_I. C002; Human, CA-CDI; AUS; NSW; HCF02; 2011 : : 33:’:; :“"_‘a“=(c'?f'); ?Us? "Sx;:?:? ;l:iohl‘:o so12
@ C137; Human, CDI (strain M120); IRE; Dublin; HCF42; 2007 : BRI (1 ph USSR 5 \AEE ; . . .
@ M120; Human, CDI (strain M120); IRE; Dublin; HCF42; 2007 : L D all 2D L S e Fi g ure 3 Genetic arc h Itecture an d
@ C043; Human, CDI; ITA; Emilia Romagna ; HCF32; 2008 : @ Vo030; Bowr!e (calf), carcase washing; AUS; VIC; FRM10; 2013 . . .
® C126; Human, CDI; AUS; VIC; HGF14; 2012 : - ® 020; Bovine (caif, faccoe; AUS: VIC; FRIMOS; 2012 comparative analysis of Tn1549-like element o _
@ C109; Human, CDI; AUS; WA; HCF19; 2016 : _..vg:’:o'BH“_ma'("cig"fAus’W:l;:c;F;:\; 2:;302 2012 dff I + C. difficile strain Al0499
. =5 . . . : ; Bovine (calf), faeces; 0 c : -D-
—|: : ;lf ::2:: g;l_c::;;';ss’v‘:f ;:l,cn-::c:):z;;gm : " 'l.vozs; Bovine (calf), carcase washing; AUS; VIC; FRM09; 2013 C . lTiclie AI 0499 (RT0331 A B CDT ) was o o
; R ; ; ; : — @ V031; Bovine (calf), carcase washing; AUS; VIC; FRM10; 2013 - ol N - ~ ©
[ ® 0125 Human, GDI; AuS; NSw; Hora3; 2012 ; 1 Vi o o, s waaings A0S Vi, FS; 201 Isolated from a neonatal calf at an abattoir in o o o o
. ’ SR S : @ V023; Bovine (calf), faeces; AUS; NSW; FRMO03; 2012 : : 8 N~ A NR T o 2
@ C033; Human, CDI; ITA; Toscana; HCF35; 2013 H . Mi— . . . [so] (o] m mm m fan) m © o
L @crar (QX009); Human, CDI; AUS; NSW; HCF03; 2012 : .;,::7;;:,';':52;,?.'15;'1':}';’“3”@;::',2.’ :;,:24’ 2008 AUStraIIa In 2013°% Al 0499 harbou red a CI USter Of § § < § P‘é T2 % TQX 83 o
o o e S, Allorias HoR e O  Co64; Human, CDI; AUS; WA; HCF22; 2006 7 syntenic vancomycin resistance genes with < < IRafF EEIEEIRR NE
- T P = > : @ C055; Human, CDI; AUS; NSW; HCF03; 2006 1 sl : ‘ 3 3 v 3 om(wdmimi 242375bp
_720;’ Zzsn;?:u?nn;Ag;,. TJE::-, ul-:ﬁ::?; ic<,:1|=247- Unknown : @ V015; Bovine (calf), faeces; AUS; QLD; FRM04; 2012 >99% Seq I D tO VanXB, van B, van H B, VanW’ " "
’ ; ’ ; ’ ; : @ c058; Human, CDI; AUS; NSW; HCFO01; 2011
@ C010; Human, CDI; AUS; NSW; HCF04; 2012 . «‘ S o ’ o )
| @ C029; Human, CDI; ITA; Emilia Romagna ; HCF37; 2002 : @ vo1e; B‘:f‘é‘:‘:(galf?::aefcef’ fAUS! Qlfdgnrg:v,ingnim 2000 VanYB y Van S B y an d Van R B . 100%
1 —— @ C037; Human, CDI; ITA; Lombardia; HCF36; 2013 E .’M1q2l:; e (foal), faeces; ’ ’ ’
L — L @ C038; Human, CDI; ITA; Lombardia; HCF40; 2013 . . . .
@ CO52; Human, CDI; USA; linols; HOF47; Unknown ; Analysis of regions flanking the vanB gene

—| €049; Human, CDI; USA; lllinois; HCF47; Unknown : .
@ G004, Human, GDI} AUS, NoW: HOFo0; 2012 Tree D RT127 cluster Il cluster revealed a 43kbp element showing

@ C053; Human, CDI; USA; lllinois; HCF47; Unknown : . . . . . 70%
| @ C125; Human, CDI; IRE; Unknown; HGF43; Unknown : significant sequence identity and synteny with
—— @ C041; Human, CDI; ITA; Puglia; HCF34; 2010 : — ) ) ) ) ) . . . . 5 Kbp
| @ Coss; Human, CDI; ITA; Lombardia; HCF31; 2013 : 10'skvs [~ G069; Human, CDI; AUS; WA; HCF18; 2014 Tnl1549, a conjugative transposon linked with the
—— @ C141 (QX149); Human, CDI; AUS; WA; HCF19; 2015 _ @ C076; Human, CA-CDI; AUS; VIC; HCF16; 2006 . . .
@ C016; Human, CDI; AUS; WA; HCF17; 2012 : @ C057; Human, CA-CDI; AUS; VIC; HCF16; 2006 emergence and g IObaI d ISsem I natlon Of b 1 1 = 31 1 1 { =m:mi =33805bp
@ C013; Human, CDI; AUS; NSW; HCF03; 2012 : ] . . . M o m o 0
® C0s9; Human, CDI; ITA; Toscana; HOFS5; 2013 eeeeeeed ® w20 vancomycin-resistant enterococci®. TerTigr S
@ C030; Human, CDI; ITA; Toscana; HCF33; 2013 g (._E g § g > g
@ CO011; Human, CDI; AUS; WA; HCF17; 2012
| @ C012; Human, CDI; AUS; WA; HCF19; 2012 Tree E RT127 CI u Ster I I I I — f—
[ $ CO12: Human, CDI; AUS; WA HOF19; 2012 Notably, AlI0499 did not show any reduced Conjugation Vancomycin  Transposition
| @ C031; Human, CDI; ITA; Trentino Alto Adige; HCF39; 2013 ithili 1 1 i ( .
@ VO011; Leporine (hare), faeces; ITA; Veneto; FRM14; 2007 Susceptl blllty to VancomyCI n In Vltro M I C 1 (v;ﬁglgtosj;e(:;n)
@ C028; Human, CDI; FRA; Paris; HCF56; Unknown Study code Description ) I -
[ oo truman, ot 11A: Lommarcta: HoR30: 2008 mg/L), possibly due to an aberrant and non
@ V009; Porcine (pig), faeces; ITA; Emilia Romagna; FRM12; 2008 Isolate prefixes - .
@ V010; Bovine (calf), faeces; ITA; Umbria; FRM13; 2008 . RT126 C001-C150 Clinical isolates of C. difficile, CLIN, n=150 fu nCtIOnaI Van R B gene (frag mented by Bm3 R 1 E. faecahs Tn1549 (AF1 92329)
@ C042; Human, CDI; ITA; Lazio; HCF38; 2012 _ ; ; FFin - .
E. Human, GDI; ITA; Lombardia; HOF36; 2013 27 el Environmenta isolates of C. difiole, ENV. =5 and orf7). See Knight et al. 20161°.
@ C134; Human, CDI; NLD; Harderwijk; HCF50; 2009 . RTO78 ) elerinary Isolates ot &. dirrichie, ,N=
_|:.c1 29; Human, CDI; NLD; Leiden; HCF51; 2006 RT033.288 Institution prefixes®
@ C100 (RT033 outgroup) Other HCF01-HCF62 Healthcare facilities/hospital sites, n=62

FRMO0O1-FRM16 Farm/veterinary laboratories, n=16

Tree A RT078.126 cluster | ST11 is characterised by an Immense open pan-genome and a large

Figure 2 Core genome SNV analysis for 5 major ST11 clusters

{j.cm;Humm,cmus;wc;Hcmos Core genome SNV analysis (1076 non-recombinant sites) provided hetero geneous popu lation of tem perate prop h ages

® Co34; Human, CDI; AUS; VIC; HCF13; 2006 ultra-fine scale resolution of this population, revealing 5 major

@ C093; Human, CDI; AUS; VIC; HCF13; 2006

© C096; Human, CDI; AUS; VIC; HCF13; 1962 evolutionary clusters largely congruent with RT lineage and toxin C
_'.C‘éf,f,;f'g',';i"n}f35&3??555Eﬁflﬁn]f;fzm gene profile. This is in agreement with a second Maximum-Likelihood 2000 A 0 B o
e e e o phylogeny based on 1276 core orthologous genes (data not shown). — Pan-Genome Size

@ C090; Human, CDI; AUS; NSW; HCF03; 2012 10000 - pore Genome Size : 50 -
— @ C097; Human, CDI; AUS; VIC; HCF14; 2007 . . . . i |
| @ vo34; Bovine (cat), faeces; AUS; aLD; FRmos; 2012 The 5 clusters correspond to 3 internationally disseminated clusters ‘ o i i
e imepies it of RT078.126 (tree A), RT033.288 (tree B), and RT127 (tree C), as e g “©
L well as 2 Australian clusters of RT127 (trees D and E). i g . 30
- @ V039 (RT288); Bovine (calf), carcase washing; AUS; VIC; FRM09; 2013 g g
— @ V035; Bovine (calf), carcase washing; AUS; VIC; FRM10; 2013 . . 8000 1
—.ocosa;Human,cm;Aus;m;acﬁzz;m Importantly, in each of the 5 evolutionary clusters, there was a 20 -

V033; Bovine (calf), faeces; AUS; VIC; FRM10; 2012 . . . . .
||| e distinct absence of subpopulations that were exclusively associated o B . o |

o rone s with human, porcine or bovine hosts, meaning there was a significant

Tlm :‘E’gg::2::::‘;9(&:::;::1|f'la:2‘:.:I:Lgl:l:‘;!s;.:;‘;ihsn,ﬂjafr5 genetlc Overlap Of CIInICaI and Veterlnary ISOIateS Moreover’ In a” the - ""””“Il|l|l||||||||||||||||||||||||::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I::::r::'::" 0 0 -
) @ E003; Treated liquid effluent; AUS; SA; FRMOS; 2015 major ST11 RT Sub-llneages (treeS A-E), SNV anaIySIS identified 0 30 60 90 120 150 180 210 s a2 e s 105 18 w47 188 189 207 Qﬁn’ (DQ%@\Q & O‘T} Qﬁq’qﬁh‘ ,,303{0 N@@,\N v (QQG'\’ N Qﬁb‘
- @ C100; Human, CDI; FRA; Creteil; HCF57; 2012 ltiple i fi - di . | | N Genomes N Gonomes é\é\ & O\Z\ OQ'& O ’ég\\ %\é\ e QQ\ '&00 Qb?’ ’é\w\\
{.0101;Human,CDI;FFlA;VersaiIIes-; HCF58; 2012 mU tlp e |nStanceS O |ntra'3peC|eS a.n Inter'SpeCIeS C Ona grOUpS 1) L) O LN ) .&O £ @) L) 'Q() Q
e P (highlighted in grey), defined as 2 or more isolates differing by <2

A L, SNVs in their core genome—a signature of recent transmission®. Figure 4 Pan-genome, core genome and prophage analysis for 207 C. difficile ST11 genomes

; Human, CDI; ; Bourg-en-Bresse; - . . . . , ..

@ V041 (81209 Bovine cacarsse wshing; AUS: S RMT: 211 (A) The ST11 lineage is defined by a large ‘open’ pan-genome (10378 genes) comprising a core genome of 2058 genes

e orine () carase wasings AUS: SA; FRUTTS 201 Many of these clonal groups comprised isolates spread over a vast (accounting for only 19.8% of the total gene repertoire) and an accessory genome of 8320 genes. (B) At n=207, an
Tree B RT033.288 cluster _ge(_)gra_phic area (different states, co_untrie_s, a_nd continentg), average of 16 new ‘strain-_specific’ genes are contrib_uted to th_e_gene_pool. (C) Atotal of 221 in_tact prop_hages were

' Indicative of reciprocal long-range dissemination and possible identified, comprising 14 different types, many of which are clinically important and have putative roles in the fithess and
zoonotic or foodborne transmission. virulence of the host bacterium?.
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