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Abstract
Escherichia coliO157:H7 is a human pathogen that has emerged from its less pathogenic
progenitor, E. coli O55:H7, to form the EHEC 1 clade. In its emergence, E. coli O157:H7 formed
three distinct clusters, each of which exists today. Sequencing and SNP analysis of Cluster 1 of
this clade demonstrated constrained radiation from the cluster founder. Here we investigated the
diversity of Cluster 2 strains by sequencing signature SNPs in six strains collected throughout
Washington State. Our results suggest that successful Cluster 2 strains have radiated on only two
branches from their founder; one of these two branches leads to Cluster 3. Constrained radiation
appears to be a common theme among this pathogenic clade.
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INTRODUCTION
Extant pathogenic Escherichia coli O157:H7 belong to three sequentially emerged clusters
(Shaikh and Tarr, 2003; Shaikh, et al., 2007; Leopold, et al., 2009) and are members of the
well-characterized EHEC 1 clade. Recently we analyzed backbones of representative E. coli
O157:H7 and other members of the EHEC 1 clade (the probable progenitor, E. coli O55:H7,
and sorbitol fermenting E. coli O157:H−) to precisely characterize this descent (Leopold, et
al., 2009). Our analysis demonstrated that Cluster 1 O157:H7 exhibit constrained and highly
non-random radiation from a postulated cluster founder. Cluster 1’s age and many available
isolates from around the world particularly enabled us to localize wild-type E. coli O157:H7
to one of only two branches emanating from the Founder with reasonable confidence within
this cluster. Cluster 3, which is the most recently emerged E. coli O157:H7 cluster, is also
well represented in strain set collections. We sampled intra-cluster (radial) synonymous
SNPs in six Cluster 3 E. coli O157:H7, and determined that many of these mutations were
shared, suggesting that the concept of constrained radiation applies to that cluster, too. Our
study did not address the concept of constrained radiation within Cluster 2 because isolates
belonging to this cluster are under-represented among strain sets. However, radiation from a
founder was demonstrated for one of its members, strain 86-24, and six of strain 86-24’s
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radial SNPs were also found in strain 87-23, a non-toxigenic E. coli O157:H7 Cluster 2
isolate (Tarr, et al., 1989; Békássy et al., in press). This result was expected because strains
86-24 and 87-23 were each recovered from patients infected during the same outbreak in the
same city (Tarr, et al., 1989). Here, we study a larger collection of Cluster 2 E. coli O157:H7
to determine if there is evidence for constrained radiation in these organisms, too.

MATERIALS AND METHODS
We studied all Cluster 2 E. coli O157:H7 in our collection. Six were from Washington State,
collected over a span of nearly two decades (Table 1). To determine if these strains radiated
in a constrained pattern from their founder, we used all 14 synonymous and 18
nonsynonymous radial SNPs that are present in the chromosomal backbone of strain 86-24
but not in any other E. coli O157:H7 (strain 86-24 was the only Cluster 2 strain sequenced
by us in the initial communication) (Table 2).

Each strain was verified as a Cluster 2 strain according to a set of characteristic Shiga toxin
bacteriophage insertion sites as well as a FimH polymorphism (Table 3). PCR amplification
was performed using primer pairs as described (Shaikh, et al., 2007).

Primer pairs were designed to span each of these 32 SNPs using strain 86-24 as a reference
(Table 1). DNA flanking and including each SNP was PCR amplified and Sanger
sequenced. Additionally, primer pairs were designed to span all 11 linear SNPs (six
synonymous and five nonsynonymous) that were identified lead to Cluster 3 strains, using
strain O157 Sakai as a reference (Tables 1 and 2) (Leopold, et al., 2009).

The resulting sequence data at the sites that contained radial or linear SNPs were overlaid on
the previously determined Cluster 2 topology.

RESULTS AND DISCUSSION
Strain 86-28, isolated in the same year and state as strains 86-24 and strain 87-23, appears
isogenic with these two Cluster 2 strains, in that it possesses the variant nucleotides at all 32
radial sites. Strain 86-17 possess 21 of the 32 radial SNPs. Strain 87-07 possesses 20 of 31
radial SNPs (one nonsynonymous SNP site did not PCR amplify, despite repeated attempts).
Both strains had ancestral nucleotides at the remaining five synonymous and five
nonsynonymous SNP sites. (Table 2)

Three strains Cluster 2 strains (defined by toxin genotyping, bacteriophage insertion sites,
and FimH polymorphisms), EK15, EK28, and U-39, possess the ancestral version (the
nucleotide designation shared by all other EHEC 1 strains as determined in a previous study,
Leopold, et al., 2009) of the SNPs at all 32 interrogated sites (i.e., they had none of the
radial SNPs identified in strain 86-24). To determine if strains EK15, EK28, and U-39 are
offshoots of the branch leading from Cluster 2 to the Founder of Cluster 3, we sequenced all
11 “linear” SNPs between the founders of Clusters 2 and 3 (Leopold, et al., 2009). EK29
possesses six of these 11 SNPs, and EK15 and U39 possess 10 of these 11 linear SNPs
(Figure 1, Table 2). The SNPs that define the intra-cluster 2 topology are listed in Table 4.

Though this study interrogated all members of this group in our collection, the number of
Cluster 2 isolates we analyzed is small. For this reason, we cannot state with complete
confidence that we have determined the degree of constraint of radiation from a founder
within Cluster 2, and anticipate extended analysis as additional Cluster 2 isolates are
identified. Nonetheless, the data from these isolates are consistent with a pattern of
constrained radiation that was observed previously in Cluster 1, and was suggested in
Cluster 3 (Leopold, et al., 2009). Logically, we would have expected a much greater
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diversity of backbone SNPs among unrelated extant pathogens, but instead we found that all
strains could be categorized into two main branches, one containing five of the strains
interrogated and another leading to Cluster 3.

Our work has additional implications. The putative isogenicity of strains 86-28, 86-24 and
87-23 is consistent with a deduced statewide outbreak of O157:H7 infections in Washington
State in the mid 1980’s caused by an organism resembling strain 86-24 (Ostroff, et al.,
1990). The overall paucity of Cluster 2 isolates in our collection is also noteworthy. It is
possible that the viability of this pathogenic set of E. coli O157:H7 is limited, and that this
subgroup is becoming extinct. Strain 86-24 has been used in many pathogenesis
experiments, and in view of the rarity of members of its subgroup in human collections, it is
not clear that this isolate is a good representative of pathogenic E. coli O157:H7. It is also
interesting to note only two time clusters (“blooms”) of Cluster 2 of E. coli O157 in the
State of Washington since our collecting began in 1984: the first consisted of strains 86-17,
86-24, 86-28, 87-07, and 87-23 (which radiated on one branch from the Cluster 2 Founder
and which were recovered in the mid 1980’s); the second consisted of strains EK15, EK28,
and U39, each of which is on, or an offshoot of, the branch leading to Cluster 3, and which
were recovered over a decade later.

In summary, Cluster 2 E. coli O157:H7 portray limited radiation from the Cluster founder.
The cluster’s limited SNP repertoire also strengthens our conclusion, and the conclusion of
others (Holt, et al., 2008), that bacterial pathogens have small effective population sizes, and
that their survival is highly fortuitous. The rarity of Cluster 2 E. coli O157:H7 suggests that
they might not be as viable as the more mature and widely disseminated Cluster 1 O157:H7.
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Figure 1. Cluster 2 model of radiation from cluster founder
Blue circle outlines the boundaries of bacteria belonging to Cluster 2. The red oval depicts
the postulated Founder of Cluster 2 and the white oval is a bacterium on the path evolving to
Cluster 3. Numeric key refers to each E. coli strain analyzed in this study. The green oval
represents the position of strains 6 and 7, which are phylogenetically on, or slightly
divergent from, the branch leading from Cluster 2 to Cluster 3. Leopold et al. (2009) Figures
1 and S1 describe an expanded version of the EHEC 1 clade lineage.

Leopold et al. Page 5

Infect Genet Evol. Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Leopold et al. Page 6

Ta
bl

e 
1

St
ra

in
s 

us
ed

 in
 th

is
 s

tu
dy

.

St
ra

in
C

lu
st

er
P

la
ce

Y
ea

r
So

ur
ce

R
ef

er
en

ce
R

ol
e 

in
 S

tu
dy

86
-1

7
2

Is
ol

at
ed

 W
as

hi
ng

to
n

Is
ol

at
ed

 1
98

6
H

um
an

, A
pp

ar
en

t S
po

ra
di

c 
Is

ol
at

e
(T

ar
r,

 e
t a

l.,
 1

98
9)

9 
of

 1
4 

sy
no

ny
m

ou
s 

an
d 

12
 o

f 
18

 n
on

sy
no

ny
m

ou
s 

ra
di

al
 S

N
Ps

sh
ar

ed
 w

ith
 8

6-
24

86
-2

4
2

W
al

la
 W

al
la

, W
as

hi
ng

to
n

19
86

H
um

an
, O

ut
br

ea
k 

Is
ol

at
e

(G
ri

ff
in

, e
t a

l.,
 1

98
8;

T
ar

r,
 e

t a
l.,

 1
98

9)
Py

ro
se

qu
en

ce
d 

(G
S2

0)

86
-2

8
2

W
as

hi
ng

to
n

19
86

H
um

an
, A

pp
ar

en
t S

po
ra

di
c 

Is
ol

at
e

(T
ar

r,
 e

t a
l.,

 1
98

9)
14

 o
f 

14
 s

yn
on

ym
ou

s 
an

d 
18

 o
f 

18
 n

on
sy

no
ny

m
ou

s 
ra

di
al

SN
Ps

 s
ha

re
d 

w
ith

 8
6-

24

87
-0

7
2

W
as

hi
ng

to
n

19
87

H
um

an
, A

pp
ar

en
t S

po
ra

di
c 

Is
ol

at
e

(T
ar

r,
 e

t a
l.,

 1
98

9)
9 

of
 1

4 
sy

no
ny

m
ou

s 
an

d 
11

 o
f 

17
 n

on
sy

no
ny

m
ou

s*
 r

ad
ia

l
SN

Ps
 s

ha
re

d 
w

ith
 8

6-
24

87
-2

3
2

W
al

la
 W

al
la

, W
as

hi
ng

to
n

19
86

H
um

an
, O

ut
br

ea
k 

Is
ol

at
e

(T
ar

r,
 e

t a
l.,

 1
98

9)
14

 o
f 

14
 s

yn
on

ym
ou

s 
an

d 
18

 o
f 

18
 n

on
sy

no
ny

m
ou

s 
ra

di
al

SN
Ps

 s
ha

re
d 

w
ith

 8
6-

24

E
K

15
2

Se
at

tle
, W

as
hi

ng
to

n
19

99
H

um
an

, E
m

er
ge

nc
y 

D
ep

t. 
Is

ol
at

e
(K

le
in

, e
t a

l.,
 2

00
2)

0 
of

 3
2 

ra
di

al
 S

N
Ps

 s
ha

re
d 

w
ith

 8
6-

24
10

 o
f 

11
 li

ne
ar

 S
N

Ps
 s

ha
re

d 
w

ith
 O

15
7 

Sa
ka

i

U
39

2
Y

ak
im

a,
 W

as
hi

ng
to

n
20

00
C

hi
ld

, R
eg

io
n-

 W
id

e 
H

U
S 

St
ud

y
(C

or
ni

ck
, e

t a
l.,

 2
00

2)
0 

of
 3

2 
ra

di
al

 S
N

Ps
 s

ha
re

d 
w

ith
 8

6-
24

10
 o

f 
11

 li
ne

ar
 S

N
Ps

 s
ha

re
d 

w
ith

 O
15

7 
Sa

ka
i

E
K

28
2

Se
at

tle
, W

as
hi

ng
to

n
20

00
H

um
an

, E
m

er
ge

nc
y 

D
ep

t. 
Is

ol
at

e
(K

le
in

, e
t a

l.,
 2

00
2)

0 
of

 3
2 

ra
di

al
 S

N
Ps

 s
ha

re
d 

w
ith

 8
6-

24
7 

of
 1

1 
lin

ea
r 

SN
Ps

 s
ha

re
d 

w
ith

 O
15

7 
Sa

ka
i

O
15

7 
Sa

ka
i

3
Sa

ka
i, 

Ja
pa

n
19

96
H

um
an

, O
ut

br
ea

k 
Is

ol
at

e
(H

ay
as

hi
, e

t a
l.,

 2
00

1)
Pu

bl
is

he
d 

G
en

om
e

* SN
P 

si
te

 2
39

28
26

 d
id

 n
ot

 a
m

pl
if

y 
by

 P
C

R
 in

 th
is

 s
tr

ai
n.

 T
hi

s 
si

te
 w

as
 n

ot
 in

cl
ud

ed
.

Infect Genet Evol. Author manuscript; available in PMC 2013 August 13.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Leopold et al. Page 7

Ta
bl

e 
2

SN
P

 C
ha

ra
ct

er
is

ti
cs

 a
nd

 P
ri

m
er

s

SN
P 

lo
ca

tio
ns

 (
ba

se
d 

up
on

 O
15

7 
Sa

ka
i c

hr
om

os
om

e)
, a

m
in

o 
ac

id
 c

ha
ng

e,
 a

nd
 S

N
P 

ty
pe

 a
re

 li
st

ed
. T

he
 c

or
re

sp
on

di
ng

 b
as

es
 a

s 
de

te
rm

in
ed

 b
y 

se
qu

en
ci

ng
ar

e 
lis

te
d 

fo
r 

ea
ch

 s
tr

ai
n 

an
d 

ar
e 

co
lo

r-
co

de
d 

to
 d

en
ot

e 
th

e 
an

ce
st

ra
l (

bl
ue

) 
or

 v
ar

ia
nt

 (
or

an
ge

 f
or

 r
ad

ia
l S

N
Ps

, g
re

en
 f

or
 li

ne
ar

 S
N

Ps
) 

de
si

gn
at

io
n.

 A
n 

‘X
’

at
 s

tr
ai

n 
87

-0
7’

s 
si

te
 2

39
28

96
 in

di
ca

te
s 

ou
r 

in
ab

ili
ty

 to
 a

m
pl

if
y 

by
 P

C
R

 a
t t

hi
s 

si
te

. P
ri

m
er

s 
us

ed
 f

or
 P

C
R

 a
m

pl
if

ic
at

io
n 

of
 th

e 
ea

ch
 S

N
P 

ar
e 

re
po

rt
ed

.

L
oc

at
io

n
A

m
in

o 
A

ci
d 

C
ha

ng
e

SN
P

 T
yp

e
86

-1
7

86
-2

4
86

-2
8

87
-0

7
87

-2
3

U
-3

9
E

K
15

E
K

28
O

15
7 

Sa
ka

i
F

or
w

ar
d 

P
ri

m
er

R
ev

er
se

 P
ri

m
er

37
98

Sy
no

ny
m

ou
s

R
ad

ia
l

G
T

T
G

T
G

G
G

G
A

A
T

G
A

G
C

A
G

G
T

C
A

G
C

T
T

T
G

C
G

A
C

A
T

C
G

C
T

T
T

C
A

A
C

A
T

T
G

G

50
58

38
Sy

no
ny

m
ou

s
R

ad
ia

l
T

T
T

T
T

A
A

A
A

T
T

C
T

T
C

G
G

T
A

C
G

T
T

T
G

A
G

C
A

T
C

A
T

C
A

A
C

C
T

C
C

A
T

C
A

G
T

G
C

79
58

01
Sy

no
ny

m
ou

s
R

ad
ia

l
T

T
T

T
T

C
C

C
C

A
T

G
G

T
C

A
A

C
A

T
T

C
C

C
T

G
C

A
C

G
G

A
G

T
C

T
G

C
G

T
G

T
G

C
A

A
A

T
A

10
98

38
2

Sy
no

ny
m

ou
s

R
ad

ia
l

T
T

T
T

T
C

C
C

C
T

T
G

T
C

G
T

G
G

T
T

G
G

T
A

A
T

C
T

C
A

C
C

T
G

A
C

G
A

T
T

A
C

C
G

C
A

T
C

A
A

C
T

G
A

C

18
94

26
0

Sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
T

T
T

T
C

G
C

C
T

G
T

T
C

A
A

G
C

T
G

G
T

A
T

T
G

G
C

G
T

A
A

A
G

A
T

A
T

C
C

G
G

T
C

A

19
77

26
1

Sy
no

ny
m

ou
s

R
ad

ia
l

T
T

T
T

T
G

G
G

G
C

C
A

T
C

A
C

T
A

C
C

A
A

G
G

C
C

A
T

A
A

T
G

A
A

G
A

A
G

T
G

G
T

T
G

A
T

G
A

A
T

T
G

C

23
88

58
0

Sy
no

ny
m

ou
s

R
ad

ia
l

C
T

T
C

T
C

C
C

C
A

T
G

G
T

G
A

A
G

A
T

A
A

G
C

G
A

C
T

G
T

T
G

G
T

T
G

C
C

G
C

T
G

G
T

C
T

G
A

T
A

G
A

T
G

24
36

19
9

Sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
G

G
G

G
G

G
C

G
C

A
C

A
A

C
T

G
A

C
A

T
T

T
A

T
C

G
G

T
T

A
A

A
G

G
T

C
A

G
C

G
A

C
A

G
G

29
84

97
4

Sy
no

ny
m

ou
s

R
ad

ia
l

C
A

A
C

A
C

C
C

C
A

A
A

A
T

G
G

C
T

C
C

T
T

G
T

T
G

T
G

G
T

G
G

T
T

G
A

A
G

C
C

T
T

T
C

G
T

A
G

G

42
58

11
4

Sy
no

ny
m

ou
s

R
ad

ia
l

G
G

G
G

G
A

A
A

A
C

C
C

T
G

A
A

A
T

T
T

G
A

C
C

T
G

C
T

G
C

C
A

T
G

G
A

A
C

A
A

C
C

G
T

T
A

C
A

G

42
59

16
4

Sy
no

ny
m

ou
s

R
ad

ia
l

G
G

G
G

G
A

A
A

A
G

G
T

T
T

T
A

C
C

G
T

T
G

G
T

T
T

T
G

C
A

A
T

C
A

G
C

G
T

A
G

C
C

A
T

T
A

C
C

G

51
53

03
8

Sy
no

ny
m

ou
s

R
ad

ia
l

C
T

T
C

T
C

C
C

C
A

T
G

A
C

G
C

C
T

G
A

A
C

A
T

A
C

C
A

G
C

T
A

C
T

A
T

A
C

G
G

A
A

G
C

C
A

C
A

G
T

C
G

G

52
34

15
0

Sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
C

C
C

C
T

C
A

A
T

G
C

T
G

A
A

C
C

A
C

A
C

A
G

C
G

T
T

T
G

G
C

C
T

G
A

A
C

C
C

A
G

A
G

T

53
91

61
8

Sy
no

ny
m

ou
s

R
ad

ia
l

C
A

A
C

A
C

C
C

C
A

A
A

A
T

G
G

C
T

C
C

T
T

G
T

T
G

T
G

G
T

G
G

T
T

G
A

A
G

C
C

T
T

T
C

G
T

A
G

G

30
47

7
N

on
sy

no
ny

m
ou

s
R

ad
ia

l
T

T
T

T
T

C
C

C
C

A
C

G
C

T
A

A
A

A
C

T
C

G
A

C
G

A
T

G
G

A
T

G
C

T
G

A
T

A
G

C
G

C
G

G
T

C
T

A
C

79
30

7
N

on
sy

no
ny

m
ou

s
R

ad
ia

l
T

A
A

T
A

T
T

T
T

A
T

A
T

C
G

C
G

G
G

T
A

C
G

A
C

A
G

A
G

A
A

A
A

G
G

T
G

A
A

A
G

C
G

A
T

C
T

G
G

57
14

78
N

on
sy

no
ny

m
ou

s
R

ad
ia

l
A

G
G

A
G

A
A

A
A

T
G

A
T

T
C

A
G

G
A

G
C

T
G

C
A

A
C

A
G

C
A

C
C

G
G

A
A

T
C

A
G

C
T

G
G

T
A

G
T

13
30

84
8

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
G

G
G

G
C

C
G

C
C

A
A

C
A

A
T

C
C

A
C

A
T

A
A

T
C

A
T

C
C

C
T

C
A

G
G

C
T

A
A

A
G

A
C

A
A

14
80

42
9

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

C
C

C
C

C
T

T
T

T
A

T
T

C
G

A
G

G
T

T
C

A
A

T
G

C
G

T
T

T
G

C
G

A
A

T
T

G
A

A
G

T
C

A
C

C
A

T
A

G
C

14
92

37
2

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
G

G
A

G
A

A
A

A
A

T
G

C
A

G
A

T
C

A
A

C
C

T
G

A
A

T
T

C
C

A
G

C
A

G
C

A
G

T
T

G
G

G
T

T
T

G
T

T
C

G
T

T
G

23
92

89
6

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
X

A
T

T
T

A
G

C
A

A
T

G
T

G
T

G
G

T
T

G
A

G
A

T
C

G
T

G
C

A
T

C
G

T
G

C
C

T
A

T
C

T
T

T
C

A

24
22

21
8

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
T

T
T

A
C

G
C

A
G

A
T

T
A

A
T

G
C

T
G

A
A

G
A

G
G

T
T

A
G

T
G

A
A

G
A

A
T

C
C

G
G

T
A

A
T

G
G

30
06

72
0

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
C

C
C

A
A

T
A

C
A

C
A

A
G

C
T

T
T

G
C

G
A

G
T

A
A

C
A

A
G

A
G

T
T

G
T

G
T

G
G

C
T

T
C

T
T

G
C

37
14

79
4

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
G

G
G

A
T

T
C

A
A

C
G

C
G

T
T

A
G

A
G

A
A

C
A

A
T

C
A

A
T

G
C

A
G

C
G

C
A

A
A

G
A

A
T

A
G

A

Infect Genet Evol. Author manuscript; available in PMC 2013 August 13.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Leopold et al. Page 8

L
oc

at
io

n
A

m
in

o 
A

ci
d 

C
ha

ng
e

SN
P

 T
yp

e
86

-1
7

86
-2

4
86

-2
8

87
-0

7
87

-2
3

U
-3

9
E

K
15

E
K

28
O

15
7 

Sa
ka

i
F

or
w

ar
d 

P
ri

m
er

R
ev

er
se

 P
ri

m
er

40
07

88
3

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

T
C

C
T

C
T

T
T

T
T

C
C

T
T

C
T

G
T

C
A

T
G

A
T

C
C

G
A

A
T

C
C

A
T

A
C

C
T

G
G

T
G

C
T

A
G

T
G

C
T

T
C

G

43
78

66
0

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

T
T

T
T

T
C

C
C

C
T

C
G

C
T

G
A

T
G

C
T

G
T

A
G

A
G

G
T

G
T

C
T

T
T

C
T

G
A

A
C

T
G

G
G

C
A

A
C

C

46
78

68
1

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

G
A

A
G

A
G

G
G

G
G

A
T

T
A

T
A

C
A

G
G

T
T

G
G

C
G

A
T

A
A

G
C

G
A

C
A

T
C

A
A

G
C

G
C

A
T

A
C

T
C

G
A

C

49
12

16
6

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
G

G
G

A
A

T
C

G
A

A
A

G
T

A
G

G
G

G
C

T
C

C
A

G
C

A
G

T
G

A
G

A
A

A
A

G
C

A
C

C
A

G
C

A

50
94

37
5

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

G
G

G
G

G
A

A
A

G
A

T
T

C
G

A
G

G
T

T
C

A
A

T
G

C
G

T
T

T
G

C
G

A
A

T
T

G
A

A
G

T
C

A
C

C
A

T
A

G
C

51
03

32
4

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
G

G
G

G
G

A
A

C
C

A
G

G
C

G
T

G
A

T
G

A
G

T
G

A
A

C
T

T
T

C
C

G
T

G
T

C
G

T
T

G
A

G
C

51
55

03
1

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

A
A

A
A

A
G

G
G

G
T

A
G

C
G

A
T

T
C

A
G

C
G

T
C

G
A

G
T

A
A

A
C

G
C

T
G

T
G

G
T

G
T

A
T

C
G

T
T

G

52
86

62
5

N
on

sy
no

ny
m

ou
s

R
ad

ia
l

G
C

C
G

C
G

G
G

G
T

G
G

T
G

A
T

G
T

T
G

T
A

T
G

T
G

A
A

T
C

C
T

G
A

T
G

A
C

C
T

G
A

T
G

G
A

T
C

A
C

A
T

C

35
86

36
N

on
sy

no
ny

m
ou

s
L

in
ea

r
G

G
A

G
A

C
T

C
A

C
C

T
T

C
A

T
A

G
C

G
G

A
A

A
G

A
G

A
C

G
G

A
G

T
G

T
A

G
A

T
T

A
G

T
C

A
A

C

20
30

05
0

N
on

sy
no

ny
m

ou
s

L
in

ea
r

A
A

G
A

A
T

T
A

C
G

A
C

A
T

C
A

T
T

C
T

C
C

G
C

A
A

A
G

G
T

T
T

G
T

C
G

T
G

G
A

C
G

T
G

23
73

42
1

N
on

sy
no

ny
m

ou
s

L
in

ea
r

A
A

A
A

A
T

A
T

G
A

T
G

A
T

G
G

G
T

G
G

A
C

T
G

G
A

C
T

G
T

G
G

C
G

G
A

T
A

G
G

A
T

A
A

G
C

46
60

18
4

N
on

sy
no

ny
m

ou
s

L
in

ea
r

G
G

G
G

T
C

T
C

T
G

A
C

T
T

T
G

G
A

T
G

A
A

C
G

G
T

C
A

C
T

C
A

C
A

T
T

C
A

T
C

A
C

G
A

T
G

G

47
57

97
9

N
on

sy
no

ny
m

ou
s

L
in

ea
r

T
T

T
T

A
A

C
C

T
G

A
A

C
G

A
C

G
A

C
G

A
T

T
A

C
A

T
C

G
T

G
T

C
G

G
T

T
T

G
T

T
G

A
C

A
G

42
17

47
Sy

no
ny

m
ou

s
L

in
ea

r
T

T
C

T
A

T
A

A
T

A
T

C
G

G
T

T
G

C
G

G
A

G
G

T
G

A
T

C
C

T
C

T
G

C
A

T
G

G
T

C
A

G
G

T
C

21
00

06
2

Sy
no

ny
m

ou
s

L
in

ea
r

A
A

A
A

T
G

T
A

G
A

G
A

C
T

C
A

G
C

A
T

T
G

C
T

T
A

G
T

A
C

A
G

A
T

A
A

C
C

C
T

G
A

C
C

A
A

C
G

30
08

91
3

Sy
no

ny
m

ou
s

L
in

ea
r

A
A

A
A

T
A

C
A

G
A

T
T

T
C

C
T

G
G

T
C

A
T

C
G

G
T

C
T

A
C

T
C

T
C

C
C

T
G

T
T

G
T

C
T

G
G

41
43

19
0

Sy
no

ny
m

ou
s

L
in

ea
r

T
T

T
T

G
A

T
G

A
C

C
G

T
G

C
A

G
T

T
T

A
T

C
G

G
T

A
T

G
C

G
G

C
A

G
G

C
C

T
A

T
A

A
C

49
62

48
6

Sy
no

ny
m

ou
s

L
in

ea
r

T
T

C
T

T
T

C
T

C
G

A
A

A
C

C
A

T
T

A
C

C
T

G
C

C
T

C
T

T
C

A
C

T
A

T
C

C
A

G
C

A
G

T
A

C
G

53
03

29
4

Sy
no

ny
m

ou
s

L
in

ea
r

C
C

C
T

A
A

G
C

A
A

T
T

T
A

G
C

G
C

T
C

G
A

C
A

C
T

T
G

G
T

C
A

T
C

C
A

G
T

G
A

C
T

G
T

T
G

Infect Genet Evol. Author manuscript; available in PMC 2013 August 13.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Leopold et al. Page 9

Table 3
E. coli O157:H7 Cluster Identification

The status of each of the determinant sites is determined by PCR amplification of key sites. The presence
Shiga toxin genes (stx), and the occupation of the yehV site by the stx1 bacteriophage or wrbA by the stx2

bacteriophage are markers in the emergence of these three clusters. A subset of Cluster 1 strains located on a
branch that leads to Clusters 2 and 3 have been observed to have sustained an N to K mutation in FimH.

Determinant Cluster 1 Cluster 1* Cluster 2 Cluster 3

stx1 − − − +

stx2 + + + +

yehV Occupied Occupied Occupied Occupied

wrbA Unoccupied Unoccupied Occupied Occupied

FimH Asp Lys Lys Lys

*
These isolates have characteristics (FimH allele) typical of Cluster 2
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Table 4
Phylogenetically Informative SNP Sites

Key SNP sites at which the topology is assigned for each set of strains are listed. Bases associated with each
site are reported within parentheses. Sets 1 and 2 list radial SNPs only. Sets 3 and 4 list key linear SNPs only.

Sets Strains Sites at Which SNPs Assign Topology

1 86-17, 87-07 3798(G), 79307(T), 571478(A), 1492372(A), 1894260(A), 2388580(C), 2984974(C), 4007883(T), 4678681(G),
5153038(C), 5286625(G), 5391618(C)

2 86-24, 86-28, 87-23 3798(T), 79307(A), 571478(G), 1492372(G), 1894260(A), 2388580(T), 2984974(A), 4007883(C), 4678681(A),
5153038(T), 5286625(C), 5391618(A)

3 EK28 358636(A), 421747(C), 2030050(G), 4962486(C), 5303294(C)

4 EK15, U39 5303294(C)

Infect Genet Evol. Author manuscript; available in PMC 2013 August 13.


