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Let’s start with Wikipedia

In 1885, the German-Austrian pediatrician Theodor Escherich
discovered this organism in the feces of healthy individuals. He called it
Bacterium coli commune because it is found in the colon. Later the
organism was reclassified in the newly created genus Escherichia,

named after its original discoverer.
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In 1885, the German-Austrian pediatrician Theodor Escherich
discovered this organism in the feces of healthy individuals. He called it
Bacterium coli commune because it is found in the colon. Later the
organism was reclassified in the newly created genus Escherichia,

named after its original discoverer.

rey .

B FEAR SPREADS'
AFTER ALFRT ON
DANGER MERT

1996 E. coli food poisoning occurred in Wishaw, Scotland, killing 21 people
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Let’s start with Wikipedia

Olga Bochkareva, IB

In 1885, the German-Austrian pediatrician Theodor Escherich
discovered this organism in the feces of healthy individuals. He called it
Bacterium coli commune because it is found in the colon. Later the
organism was reclassified in the newly created genus Escherichia,
named after its original discoverer ...

WHEREIT HAS STRUCK NORWAY

SWEDEN /
&  {linfected (B infected

8 with HUS R’
RU

S with HUS I =5 flinfected

B Outbreak centre

B Suspected cases

| Other countries affected

% Casesof Ecoli

# Cases of haemolytic
uraemic syndrome (HUS)

A infected

‘ #infected

2011 Germany, Ecoli outbreak linked to organic fenugreek sprouts, killed 53 people.
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How bacteria evolve

Central dogma of molecular biology f“'-" %

replication
(DMNA -> DMNA)
DNA Polymerase

DOV o

transcription
{(DMNA -> RNA)

RNA Polymerase

WAL

translation
(RNA -> Protein)
Ribosome

O-0-0-0-0-0-0 Frrotein

Olga Bochkareva, 1B | 9
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Central dogma of molecular biology

replication
(DNA -> DMNA)
DMNA Polymerase

DX DDA dva

transcription
{DNA -> RNA)

RNA Polymerase

LA T

translation
(RMA -> Protein)
Ribosome

O-0-X-0-0-0-0 Protein
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How bacteria evolve

Central dogma of molecular biology

replication
(DNA -> DMNA)
DNA Polymerase

DX DDA dva

transcription
{DNA -> RNA)

RNA Polymerase

translation
(RMA -> Protein)
Ribosome

O-0-X-0-0-0-0 Protein
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How bacteria evolve

Transformation 1) Bacteria take up DNA from their
_ \\/V\ environment
% 2) Bacteria directly transfer genes to another
cell
Conjugation 3) Bacteriophages move genes from one cell

to another

Transduction

&

5

Olga Bochkareva, IB

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4536854/
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What makes Ecoli pathogenic

MG1655 (K-12) 12920/ CFT073
non-pathogenic S 1623\, Uropathogenic

0
7 6% 21.2%
2996
39.2%
514
204
6.7% 26%
1346
17.6%
Total proteins = 7638 }
2996 (39.2%) in all 3 ;
911 (11.9%) in 2 out of 3 EDL933 (0157'H7).
3554 (46.5%) in 1 out of 3 enterohaemorrhaglc

Variations in gene content
Venn diagram for 3 E.coli
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What makes Ecoli pathogenic

MG1655 (K-12) 193
; 2.5%
non-pathogenic

1623
0
7 6% 21.2%
2996
39.2%
2
a2 2.6%
1346
17.6%
Total proteins = 7638
2996 (39.2%) in all 3 ;
911 (11.9%) in 2 out of 3 EDL933 (0157'H7).
3554 (46.5%) in 1 out of 3 enterohaemorrhaglc

Variations in gene content
Venn diagram for 3 E.coli

Olga Bochkareva, IB

CFT073
uropathogenic
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@n
%
=
] 1000
[}
pe= |
Q
o
[=]
5
g 100
k]
o
=
E
=
=

10 +

Pan-genome approach

the entire set of genes from all strains within a clade

Core-genome
Variable-genome

Ty
Gene families shared
by all genomes

Gene families shared
by [2; n[ genomes

—

Genome specific genes

—

Number of straing which have a gane
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What makes Ecoli pathogenic

AIEC ETEC

7 CF LT and/or ST
stx2

) pAA
EPEC T ( Escherichia coli ) ;D EAEC -;P STEC O104:H4

LEE, nle,
bfp¥ Afa/Dr LEES, nles,
stx

DAEC STEC
Shigella PAls, pINV, stxt \
\ antivirulence genes, + Primarily S. dysenteriae 1
flagella/fimbria*, * Not all EIEC
catabolic genes § LEE-positive STEC
\ 1 Typical EPEC

EIEC/Shigella

Pathotypes:

enteropathogenic (EPEC) - Attaching and effacing lesions on intestinal epithelial cells
enterotoxigenic (ETEC) - Heat-stable and heat-labile enterotoxins

enteroinvasive (EIEC) - Colonocyte invasion

enteroaggregative (EAEC) - Aggregative adhesion on enterocytes

Shiga toxin-producing (STEC) - Shiga toxin

diffusely adherent (DEAC) -Diffuse adhesion on enterocytes

adherent invasive (AIEC) - Adhesion and invasion of intestinal epithelial cells

DOI: https://doi.org/10.1128/CMR.00022-13
Olga Bochkareva, IB | 15
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What makes Ecoli pathogenic

AIEC ETEC

7 CF LT and/or ST
stx2

] pAA
EPEC T ( Escherichia coli ) ;D EAEC -;P STEC O104:H4

LEE, nle,
bfp¥ Afa/Dr LEES, nles,
stx

DAEC STEC

Shigella PAls, pINV, stxt \

The genus Shigella is
antivirulence genes, + Primarily S. dysenteriae 1

\b flagella/fimbria*, * Not all EIEC named_ after_ Japa_‘nes_e
catabolic genes § LEE-positive STEC phy5|C|an KIyOShI Shlga,

\ 1 Typical EPEC

, who researched the cause
EIEC/Shigella

of dysentery. In 1897 Shiga

Pathotypes: studied 32 dysentery
patients and identify the

enteropathogenic (EPEC) - Attaching and effacing lesions on intestinal epithelial cells bacterium causing the

enterotoxigenic (ETEC) - Heat-stable and heat-labile enterotoxins disease. He continued to

enteroaggregative (EAEC) - Aggregative adhesion on enterocytes . . AT
Shiga toxin-producing (STEC) - Shiga toxin bacterium, identifying its
diffusely adherent (DEAC) -Diffuse adhesion on enterocytes _methO_dS of toxin production
adherent invasive (AIEC) - Adhesion and invasion of intestinal epithelial cells i.e Shiga toxin.

DOI: https://doi.org/10.1128/CMR.00022-13
Olga Bochkareva, IB | 16


https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://doi.org/10.1128/CMR.00022-13

What makes Ecoli pathogenic

Denmark

Strain E.coli 0104:H4

Baltic Sea

g

North Sea

3
mme

y . ",
tJ swig—Holstein y
~4000 people infected; 900 of those affected developed HUS, which was _ Y # WEeklenburg-vorpo
fatal for 54 individuals. - S i

Netherlands Poland

A combination of properties characteristic of EHEC, Stx2a production
(although not harbouring the LEE of EPEC) and EAEC-type adherence:

5

Brandenburg

Saxony-Anhalt

North Rhine—
Westphalia

- genes typical of enteroaggregative E. coli, such as attA, aggRr, aap, aggA,
and aggC, located on a virulence plasmid.

Rhineland-
Palatinate

- gene for a Shiga-toxin 2 variant (stx2a).

Czech Republic

Bavaria

- resistant to beta-lactam antibiotics (e.g., ampicillin) and third-generation
cephalosporins and are partially resistant to fluoroquinolones (nalidixic acid).

Baden-Wiirttemberg

Incidence per
100,000 population
[—10.00
[10.01-0.70
[0.71-2.50
[ 2.51-30.00
Switzerland

https://en.wikipedia.org/wiki/2011_Germany_E._coli_0104:H4_outbreak

Olga Bochkareva, IB | 17



How can we analyze it?

¢ Orthology prediction

d Alignment
Orthologue 1 Orthologue 2
Taxon 1 BGETAGTEGATCECGGAGCARARGH Taxon 1 GGATEETCAANGARAGETAT
Taxon1 GEEARGTEGHTCRGGCAGGAE- - Taxon 1 GGETEETGAGTGGGAREG- -
Taxon2 -1-1-1—1-_ Taxon 2 GEEEETEGHGTATEENNGET
A Taxon 3 EENTEETCEETACCCEEETT
AAGGREGGACEANAGOA Taxon 4 GGATEETARSTAGEAAGETT  marTHGHE:
AAGGTGEGAR Taxon 5 GTETTETGTGTAGEARGEAT Tixon 5 EGEGTTRGEZGH- .o ASGHGETEG

e ldentification of outliers Contamination

genome as an ordered set of genes and P &
regulatory network ) "

T T T2T3 T4 T5 75 T1 T2 T3 74 o on T4 T5 T3 5

2 DPDrheEe B REE]
Taxon 4 GGNTEGTRASTACEANENTT

=
S

Taxon 1 - S - S —
Dea e coDea o aD i e

Taxon3
Taxon4 @
Taxon5 mrm:

AACGEEGGAGEAAAGGAGEATI AT TARRGH
2 DBDDoe B - BT m w2 w3 AR AR T

Kapli, P., Yang, Z. & Telford, M.J. Phylogenetic tree building in the genomic age.
Nat Rev Genet 21, 428—-444 (2020). https://doi.org/10.1038/s41576-020-0233-0

f Alignment/site filtering

Taxon1 mem -1-

Concatenation

—_—

Olga Bochkareva, IB Papers: Seferbekova et al. Frontiers Microbiology 2021; Zabelkin et al. Bioinformatics 2021 | 18



How can we analyze It?

Tree scale: 0.01 —

Pipeline: Parallel Rearrangements and Breaks identification i
ylogroups

a) Input data: Phylogenetic tree and coordinates of synteny blocks D D (D1)
s [T 20— 50— 4 D O A .
a2 [>T = 414 Ecoli genomes
G - i Wil .mhhhul:/m// I,
sraing [ 1 >—3 | 4 6 >T{ s> I e2 \\\\\\\\\\\\\ : . iy, uty, /

/ Split blocks \ re:rﬂrzi‘en;eei‘s D B1 \\\\\\\\ : ’I'I/[/'//////

b) Common single-copy blocks ¢)CNV blocks (copy number variation) \
N

N
strain1 :}3 ]« 5> strain1 @ \\ ."0 ///%/
= \\N —
N\ ),

h t H
strain 2 /ﬁ 4 strain 2

iy

2/

h.. _h ot H H = N
i anl z I N =
suain + [P+ (D — D stain 4} D D = =
) = * =
Breakpoint graph _— . = ——3
decomposition (Highlighted for Adjacency Th-3t) = =
d) Character for each adjacency e) Character for each block = : —
—= ==
CHARACTER1 CHARACTER 2 CHARACTER1 CHARACTER 2 é %
Adjacency 1h-3t Adjacency 3h-4t Block 2 Block 6 ) §
Strain 1 has adjacency has adjacency Strain1 1copy 1copy //é— §
Strain 2 has adjacency has adjacency Strain 2 0 copies 1copy %/ §
Strain3 | inversion with 4h-5t has adjacency Strain3 1copy 2 copies /¢/ \§
Strain4 | inversion with 3h-4t inversion with 1h-3t |... Strain 4 0 copies 2 copies //% \§
Z
/ \

W

} } } } 2,

f) Mapping characters into tree

_,— strain 1 strain 1 strain 1 strain 1 Pathovars },,///7/0’ A | / \
5"3?” 2 S“af” 2 s:::: i ::: : 131‘21 2;:592”3 spp. ////y / T} ’ \\
o L /////////””'//////////:mmm|\\\\\\\\\\\\\\\\\§\\\

g) Consistency testing
,L i and parallelism score l l @ 3 AIEC
calculation O 3 EPEC
Consistent character Consistent character Inconsistent character Consistent character @ 2 EAEC

@ 1 EIEC

Olga Bochkareva, IB Papers: Seferbekova et al. Frontiers Microbiology 2021; Zabelkin et al. Bioinformatics 2021 | 19



Acquisition of invasion

Plasmid Chromosome
® g =

el
z 2 £
o3 o
=l

hoN2
F P ospB

osp!

virF

?\
ospG 5 \ \\ \ \‘4 H §\$P5
ospC2 AN \‘ I/// v, P
virulence plasmid L . /W///// ) 4 s W
ospD3 (220-260Kbp) phoN1 ‘ \\B\\\\\\\ L ,’U/W//I///// W 4 0 ™
oepet icsA /DaH3 ///2& ’ _ (P\EPP\S
0spC3 entry region 1 W
T ‘ e ORI
- 4’1« 1P =
“vug,, : S =
e Ay - —p oh T S
........ 6: (o %"3:‘:3; J—: HIJ"" Eo ~
o pg .................... // 4,//? o \
' 2., an® ~
\Qa\’\ //// 1 //l// 1 \\\\\ A\ rg/]ybp
Genetic map of the pINV. The red arrows 7. ol \ A\ “s

indicate major virulence determinants. | TR

Due to the variability in position and

. Q\‘O
number, the ipaH genes are not shown. >
Source: “The Intriguing Evolutionary Journey of QP‘ \ \
Enteroinvasive E. coli (EIEC) toward Pathogenicity” \QQ’ A ©
Q ©
I E 5 3
Q 2z

Olga Bochkareva, IB Paper: Seferbekova et al. Frontiers Microbiology 2021 | 20



Acquisition of invasion

Leucine-rich

virF
ospG
ospC2

virulence plasmid

p— (220-260Kbp) phoN1 pro(;z\tin
ospC1
icsA
entry region virA
o£pCs3 31 Kbp

P o

E3-ubiquitine ligase
(ipaH)

p o
29437"558 ipgDEF micH®

WP_134797310.441-547 1 MLE VP PL S TBNV
WP_000936833.1/4-568 1 MLP IMNN - FsLsaN
1
1
1

o L8 LPelPralkelnaBsiE - CBALPeLr vEILE i nUs oL r ALPELR AsLEY/inis oflHLEVLER 158
AL sLPELPABLE oA cBNrRLETLPELPASLKHLEVD NNE - LEMLPELPALLEYINADNNGL TMLPELP TSLEVLSVR LTFLPE 174

WP_139805789.1/1-583 MLPTHAN - HRL 1SN

18 - - AHn LB ey Tns\ss nfeTRF TR L ELElsERs LBLECLeUrRELF - rLronp eIV
1156/ - - T ADNF 8B welELreEnRNEAVSLLKEBL ELaLNRLNLESLPDNLPPITVLEN
YI\ITSRA ENfLTHWTEWK R cEECfo (AFoRLVSELG NL.LIELEL LP-E\PPaIKS\I\
R D
L o

o wx o=

WLEL I sPLPASLTOLNMS YRL I ELPALPOBLKLLNABHNE - L1 TLPTLR I BLKELHWsHHoLcELPVLPELLETLOMSCNBLAVLRR 176
WP_128880970.1/1-587 MR AHNE - ---BFFREFCELGCISRL E-QNITD IBnwAREGAAT TEAVRLLK I BLAFEEPALNLELLRLRELP - YLRRHIQEL ELRSLPELPPSLTVLKASENRLERLPALPPHLVALBYE L NrvLEcLPvLPSELESLSALLNSLETLPBELPPALEBKLSVE LEALRE 120
CDX08027. 1/1-503 M- LRNISSCLEPRH- - -« --oon.- ISTITSENH 5 EEGGLPE AVRRLRABLTSKEHKLBLRALALESLP - vLPACHKKLDM KL LTBLPE NI KEL 1 ARBNF LEH I SALr v TLDVEENE- LenLpLLP DRIk LsAE vMRLSELPSLP L NLKKLEMR LPS 169

WFP_134797310.1/1-547 157 LEMSLELLDAARNALEVIPDFPERDDHIL - - - - - - - - - - - - - - - - ---RIFWLNQNRITAIP ILGLSSDEVWNLR QLEPR 1M LL AQP GPRIYFSEM - L PLADAVTAWF P v 1 AF A FSAFL L VSAR 302
WP_000936833.1/1-568 175 LPESLEALDVETNLLESLPAVPVR . - - - . - - - H1EETEI -------- FFRERENRITHIPENILSLDPTER ! | LEBNPLSSR I RESL SE@TACPBYHGP R I ¥FSUSD - LHR/PLADAYTAWF P VSa IWHAF ANTFSAFLDRLSDTVSAR 323
WF_134805189.1/1-583 177 LPFSLBE | SAIGNLLSELPPLPHNIHS ITWA I DNMLIED |PYLPENL - - - RNGY¥FD | I SH TP ILNLRNEES I DS PL HAL LORL SP GPQIYFEM - L PLADAVTAWF P v 1 AF A FSAFL L WVSAR 333
WP_128860970.4/1-587 181 LPCEL@ELSAF DMRLEELPPLPONLRLLNVEENCLHRLPELPEARL - - - aSLY | PNNELN TLPBS IMNLH I YADWN I vNNPLSTRTLEALRLTESPDYHG PR | ¥FSMSD - LHRIPLADAVTAWF P VSa IWHAF ANTFSAFLDRLSDTVSAR 342
COX0BOZ7. 1/1-603 170 LESHLK | LkMAHNEL TELPRPLERRLeLLFAYSHRLENLENeEN I i mrrF EXMFENGIE TP THLERLCEHIE I El AnNPLE TLLF L) VENENGPoFRIELEBONRLFLReMLEQNLHSRH IRV I TEGGANF oI PP LEETYAAWF FEADR REVEToWREF s nErRAFSAF LERLSDTVSAR 355
WP_134797310.4/1-547 303 GF waAAWLERLSASAEL FAVAADATESCEDRVAL L LLVHEASEGLF GaLLSLGREMFRLE | LED | ARBRVETLHF vBE I EVVLAFETMLAERLELSTAVREMRF Yo vSe vTAND LRTAEAMY F FSLWG PWHAWVL ADRwAG A ML P 401
WP_D00936833.1/1-568 324 GF VAAWLEKLSTSAEL FAVAADATESCEDRVAL L LLVHOGASEGLF GALLSLGREMFRLEILEDIARDKVRTLHFVDEIEVYLAFQTMLAEKLALSTAVKEMRF Y6 VSGUTANDLRTAEAMY F FSLWG PWHAVL ADRWAQA ML 512
WP_134805189.4/1-583 330 GF WVAAWLEKLSASAEL FAVAADATESCEDRVAL L LLVHGASEGLF GALLSLGREMFRLEILEDIARDKVRTLHFVDEIEVYLAFOTMLAEKLOLSTAVKEMRF ¥6VSGYTANDLRTAEAMY F KDWF SLWG PWHAWL ADRWAGA ML P 527
WP_128860970.4/1-587 343 GF WVAAWLEKLSASAEL FAVAADATESCEDRVAL L LLVHGASEGLF GALLSLGREMFRLEILEDIARDKVRTLHFVDE IEVYLAFQTMLAEKLAOLSTAVKEMRF Y6 VSGUTANDLRTAEAMY F FSLWG PWHAVL ADRWAL A ML PE 531
CDX0BO27.1/1-803 350 GF VAAWL LSASAEL F.VAA Al c VAL L LLw Al GLF GALLSLG MFRLE I L 1A V] LHF WV ITEVYLAF MLA Lav AV MRF¥GVEGVTA L AEAMV| F FSLWGF AVL Al AlA ML PR 547
WP_134797310.4/1-547 402 AVABRLRASE LECBATAERE A AG N 1 LTDEvLALRLPENGSAL 547
WFP_000938833.1/1-568 513 [RVA LEASGLSGDADA AGAQVM 1 L VLALRL = G L . . - . 568
WP_134605189.1/%-583 520 RVADRLKASGLSGDADAEREAGAQVM 1 L VLALRLSENGSQOL Tsss eﬂ:ector E3 ub'qu't'n-prote'n I|gase IpaH 583
We_128850970.1/1-687 532 HVADRLKASG LSGBADAEREAG AG VM 1 LTDEVLALRLFENGSAL 587
CDX0B027. 1/1-603 545 BVADRLKASG L5GDADAEREAGAQVM 1 LTDEVLALRLPENGSAL 603

Olga Bochkareva, IB Papers: Seferbekova et al. Frontiers Microbiology 2021 | 21



Mess with gene names Be

School of molecular
and theoretical biology

Gene Size (bp) S. flexneri S. flexneri S. flexneri S. dysent. S. sonnei S. boydii
8401 301 24577 197 046 227
ipaHal 1764 ipaH7 ipaH1 ipaH1 (fs) ipaH1 ipaH1 ipaHé
ipaHa2 1764 - - - ipaH2 (IS) - -
ipaHb1 1827 ipaH1 ipaH2( fs) ipaH2 ipaH6 ipaH5 ipaH1
ipaHb2 1827 ipaHé ipaH7 ipaH7 - - -
ipaHc 1716 ipaH2 ipaH3 - ipaH4 ipaH3 ipaH4
ipaHd 1752 ipaH3 ipaH4 ipaH4 ipaH5 ipaH2 ipaH5
ipaHel 1644 ipaH4 ipaH5 (IS) ipaH5 ipaH3 (IS) ipaH4 ipaH2
ipaHe2 1644 ipaH5 ipaHé6 (IS) ipaHé6 (fs) - - ipaH3
®Names used to annotate the chromosomal ipaH genes in different genomes are indicated; in this study, we used the letter-based nomenclature indicated in the left
column. Genes inactivated by a frameshift mutation or an insertion sequence are indicated (fs) and (IS), respectively, and genes absent from a genome are indicated by
a hyphen.
doi:10.1371/journal.pone.0032862.t001

Olga Bochkareva, IB | 22



Now It's solved QO

School of molecular
and theoretical biology

Heatmap of identity level of (a) the ipaH genes; (b) their upstream sequences in Shigella.

a Chromosome b
1 1 Color Key
g -
2 2 g
EEs
o3
3 3 &
o
0 02 06 1
4 4 Value
! Color Key
5 ey
Plasmid E"O:
6 6 58
7 7 o
8 8 0 02 06 1
9 9 Value

Olga Bochkareva, IB Paper: Dranenko et al. SciRep 2022 | 23



And classified!

School of molecular
and theoretical biology

Composition of virulence genes in human-host pathogenic E.coli

Tree scale: 0.01 —————

Clades

D S. sonnei

D S. boydii and S. dysenteriae
. S. flexneri

D S. boydii and S. dysenteriae
D S. dysenteriae

D S. dysenteriae

[ ] eEc

ipaH
@ Class 1, chromosomal
. Class 2, chromosomal
@ Class 3, chromosomal
@ Class 4, chromosomal
O Class 5, chromosomal
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And classified!

School of molecular
and theoretical biology

Composition of virulence genes in human-host pathogenic E.coli And their copies
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But wait... what's about animals?

ipaH class Escherichia marmotae

(marmot) Genomic and molecular characterisation of Escherichia marmotae from

Non-human-host ipaH wild rodents in Qinghai-Tibet plateau as a potential pathogen. Sci Rep,

»’ Chromosome 2019
Human-host ipaH
Alignment of C-terminal domains
Shigella/EIEC PEM76 PEM148 Shigellacbomain GQQNTLERPLEBAVTAWFPE SDVSQIWHAFEHEEHANTFSAFLDRLEDTVSARNSG
(human) NonHumanCDomainl GQQHTSVRPLPEAVAAWFPQ SDVSQIWLAFEREEHANTFSAFLDRLADTVSARNAQG
Chromosome ' @ NonHumanCDomain2 GQQHTPVRSLPEAVAAWFPESLRSEVSQRWGAFTDEENAATFSAFLDRLADTVTARNAPG
15 . . .
ShigellaCDomain F LEKLSASBELRQQSFAVAADATESCEDRVAL TWNNLRKTEEVHQASEGLFD
NonHumanCDomainl FRQQVSAFLEKLSTSAELRQQSFAVAADATESCEDRVALTWNNLRKTLLVHQASEGLFD
NonHumanCDomain2 FAQQVSEFLEKLSRS! LRQQCFAVAADATRSgEDRVALTWNNLQKTYRVHQASEGEFDS

ShigellaCDomain |DTGALLSLGREMFRLEILEDIARDKVRTLHFVDEIEVYLAFQTMLAEKLQLSTAVKEMRF
NonHumanCDomaini |DTGALLSLGREMERLEILEDIARDKVRTLRFVDEIEVYLAFQTMLAEKLQLSTAVKEMRF
NonHumanCDomain2 [DLTGLLSLGREMYRLEVLEEIAREKVRTLHFVDEIEVYLAFQTMLAEKLEL STAVREMRF
pINV ShigellaCDomain YGVSGVTENDLRTA SREENEFTDWFELWGPWHAVLKRTEADRWAQAEEQKYEMLE
NonHumanCDomainl YGVSGVTENDLRTA SREENEFTDWFALWGPWHAVLKRTEADRWAQAEEQKYEMLE
NonHumanCDomain2 YGVSGVTEDDLSSALVRVLSREEREFAEWFARWSPWHAVLKRTEAERWARAEEKKYEMLE
ShigellaCDomain YPQRVADRLKASGLSGDADAEREAGAQVMRETEQQIYRQLTDE RLSENGE@LHH
NonHumanCDomainl NEYPQRVADRLKASGLSDDADAEREAGAQVMRETEQQIYRQLTDE RLPENGSRLHH
NonHumanCDomain2 REYPQRLAERLSALGLSGDGDAEREAGVRVMEEIETEIYROLTEEVSGERLAENRARXXX
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Oh... there are many others!

ipaH class Escherichia marmotae

Non-human-host ipaH (marmot)

Chromosome

Human-host ipaH

Shigella/EIEC PEM76 PEM148

(human)
Chromosome ’ @ @ '
15 L 4

Escherichia coli
(rat 1)

—@’—_@—l

_’—

Olga Bochkareva, IB

Escherichia coli
(sheep)

Chromosome

PRHBO4-C17 2

Escherichia coli
(rat 2)

e —

9.

Composition of ipaH genes
in Escherichia genomes
from different hosts.
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But how many?..

ipaH class Escheri(i:]':;arrmn;;rmotae Esch(e;:g:;:;n coli CompOSItlon Of IpaH genes
Non-human-host ipaH . . .
Chromosome Chromosome |n ESCheI’IChIa genomeS

4

120305 W W

Human-host ipaH

from different hosts.

Shigella/EIEC PEM76 PEM148 PRHB04-C17_2
(human) II2>
Chromosome ’
Escherichia coli Escherichia coli
(rat 1) (rat 2)

pINV

-
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