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Supplementary Fig. 1 | Molecular networking analysis of LC-MS data from T. erinacei culture broth. Nodes within the network 
are represented as pie charts to visualize spectral count differences for each molecule between a pure standard of penicillin G (blue) 
and T. erinacei culture broth (green). The connected nodes corresponding to penicillin G and KPN are highlighted.
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Supplementary Fig. 2 | Phylogenetic tree of the type XI SCCmec element from 991 mecC-MRSA CC130, CC425, and CC1943 isolates. The undated ClonalFrameML phylogeny was estimated for 350 
high-quality core SNPs. The scale bar represents the number of nucleotide substitutions per site. The evolution of the type XI SCCmec elements could be traced back to seven nodes that were connected to each 
other on a long backbone (black branches). Each of the backbone nodes and its orthologous descendants received the same letter designation to reflect their genetic relationship (A to G). Tips are illustrated by filled 
circles coloured to indicate the type XI SCCmec variant. Manual mapping of the tips onto the CC130, CC425, and CC1943 phylogenies, and vice versa, enabled us to assign the mecC-MRSA isolates to 16 
monophyletic lineages harbouring orthologous type XI SCCmec elements (Supplementary Figs. 3-5).
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Supplementary Fig. 3 | Phylogenetic tree of 853 S. aureus CC130 isolates. The undated ClonalFrameML phylogeny was built from a core-genome SNP alignment (34,117 SNPs). The tree was rooted at the most recent common ancestor (MRCA) of S. aureus CC130 (see Methods). The scale bar 
represents the number of nucleotide substitutions per site. Manual mapping of the type XI SCCmec variants (Supplementary Fig. 2) onto the phylogeny enabled us to assign the 786 mecC-MRSA CC130 isolates to ten monophyletic lineages harbouring orthologous type XI SCCmec elements (CC130:A1 
through CC130:A10). The CC130:A10 isolates forming a distinct sublineage (CC130:A10.1) are also displayed (see Results and Figs. 3 and 4). The MRCA of each lineage are illustrated by filled circles coloured to indicate the type XI SCCmec variant. Presence and absence of antibiotic resistance 
genes (ARGs) and mobile genetic elements (MGEs) encoding human- and ruminant-specific immune modulators involved in host switching events are shown as black and white boxes, respectively.
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Supplementary Fig. 4 | Phylogenetic tree of 144 S. aureus CC425 isolates. The undated ClonalFrameML phylogeny was built from a core-genome SNP alignment (14,472 SNPs). The tree was rooted at the most recent common ancestor (MRCA) of S. aureus CC425 (see 
Methods). The scale bar represents the number of nucleotide substitutions per site. Manual mapping of the type XI SCCmec variants (Supplementary Fig. 2) onto the phylogeny enabled us to assign the 76 mecC-MRSA CC425 isolates to three monophyletic lineages harbouring 
orthologous type XI SCCmec elements (CC425:B1 through CC425:B3). The CC425:B3 isolates forming a distinct sublineage (CC425:B3.1) are also displayed (see Results and Figs. 3 and 4). The MRCA of each lineage are illustrated by filled circles coloured to indicate the type XI 
SCCmec variant. Presence and absence of antibiotic resistance genes (ARGs) and mobile genetic elements (MGEs) encoding human- and ruminant-specific immune modulators involved in host switching events are shown as black and white boxes, respectively.

MGEs

Type XI SCCmec variant
A
B
C
D

E
F
G
Negative



27A-75

8913

10-3514-K

55-118-019

85389

55-118-172

52544-A

11-02449

55-118-143

55-121-631

55-118-057

107704

3F-118

83074

55-118-126

26B-73

45899

55-118-027

55-121-580

55-118-029

55-118-050
61701

55-118-015

55-118-112

55-121-351

55-118-071

55-121-350

55-118-041

55-118-024

55-118-081

55-121-372

57362

12-01592

55-121-343

55012

55-121-573

08-02734

101599

55-118-101

55-118-055

55-118-026

3B-120

Sa08337-A

92399

55-118-175

12-1970-J

55-118-176

55-121-295

46-27A

76918

55-118-095

55-121-344

55-118-064

55-118-134

109878

55-118-083

55-118-056

55-118-102

55-121-630

55-121-589

55-121-632

82452

55-121-366

55-118-061

52520

55-118-181

55-118-094

3N-121

110045

55-121-572

H105140339

47434

47777

41764

55-118-088

55-118-133

11C-130

57147

12-02875

61647

81936

55-118-177

77964

55-118-108

55-118-049

55-121-387

Sa13337

83417

55-118-043

55-118-039

95183

55-121-289

55-118-111

19A-136

55-121-345

88203

55-121-369

55-121-349

94689
103596

71803

55-118-107

55-118-190

CBLA15

55-121-352

07-5078-A

55-118-179

55-118-014

55-118-106

82223

55-121-588

55-121-368

77950

87784

103913

55-121-571

55-118-188

Sa13563

18B-179

55-118-036

55-118-148

89101

26A-185

55-118-154

55-118-118

95614

55-121-342

104611

55-118-135

Sa12532

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Human

Human

Human

Human

Human

Hedgehog

Human

Dog

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Human

Hedgehog

Human

Human

Hedgehog

Human

Human

Human

Human

Hedgehog

Hedgehog

Hedgehog

Human

Human

Hedgehog

Hedgehog

Hedgehog

Human

Human

Hedgehog

Hedgehog

Human

Hedgehog

Human
Human

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Human

Human

Human

Human

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Human

Hedgehog

Hedgehog

Human

Human

Hedgehog

Human

Human

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Human

Human

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Cattle

Human

Hedgehog

Human

Hedgehog

Hedgehog

Human

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Hedgehog

Human

Hedgehog

Hedgehog

Hedgehog

Denmark

England

Denmark

Denmark

Denmark

Denmark

England

Scotland

England

Denmark

England

Denmark

Denmark

Denmark

Denmark

Denmark

England

England

Denmark

Denmark

Denmark

England

England

Denmark

England

Denmark

Denmark

England

Denmark

Denmark

Denmark

Denmark

Denmark
Denmark

Wales

Denmark

Denmark

Denmark

Denmark

England

Sweden

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Germany

Denmark

Denmark

Germany

Denmark

Denmark

Denmark

Scotland

Denmark

Denmark

Denmark

England

Denmark

Denmark

England

England

Denmark

Denmark

England

Denmark

Denmark

Wales

Denmark

Denmark

Denmark

Sweden

Denmark

Denmark

England

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

England

Denmark

Denmark

Denmark

Denmark

Denmark

Denmark

England

Denmark

Sweden

England

Denmark

Wales

Denmark

England

Denmark

Denmark

Scotland

Denmark

England

Denmark

Denmark

Denmark

Denmark

England

Denmark

Denmark

Denmark

Wales

Denmark

Sweden

Denmark

Denmark

Germany

Germany

England

Denmark

England

Denmark

Denmark
Denmark

Denmark

Denmark

Denmark

Denmark

Funen

Zealand

Jutland

Jutland

Powys

Zealand

Unknown

Zealand

Northumberland

Zealand

Zealand

Jutland

Cornwall

Zealand

Jutland

Jutland

Central

Funen

Zealand

Zealand

Northumberland

Zealand

Jutland

Zealand

Zealand

Lower Saxony

Northumberland

Zealand

Berlin

Jutland

Jutland

Zealand

Northumberland

Jutland

Jutland

Zealand

Funen

Zealand

Jutland

Zealand

Northumberland

Zealand

Bornholm

Unknown

Jutland

Jutland

Zealand

Powys

Bornholm

Zealand

Northumberland

Dyfed

Jutland

Unknown

Berkshire

Zealand

Jutland

Berkshire

Jutland

Jutland

Jutland

Zealand

Bornholm

Jutland

Jutland

Bornholm

Schleswig-Holstein

Jutland

Zealand

Jutland

Lower Saxony

Zealand

Zealand

Jutland

Northumberland

Unknown

Zealand

Jutland

Jutland

Powys

Jutland

Dorset

Jutland

Jutland

Zealand

Suffolk

Berkshire

Zealand

Zealand

Zealand

Berkshire

Jutland

Strathclyde

Zealand

Zealand

Zealand

Zealand

Zealand

Jutland

Northumberland

Jutland

Cambridgeshire

Northumberland

Jutland

Unknown

Zealand

Jutland

Northumberland

Zealand

Jutland

Jutland

Zealand
Zealand

Cornwall

Zealand

Zealand

Zealand

Jutland

Jutland

Jutland

Berkshire

Jutland

Northumberland

Northumberland

Jutland

Funen

Berkshire

Northumberland

Zealand

Jutland

CC1943:C2

CC1943:C2

CC1943:C1

CC1943:C1

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C2

CC1943:C3
CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C2

CC1943:C3

CC1943:C1

CC1943:C2

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C2

CC1943:C1

CC1943:C2

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C2

CC1943:C1

CC1943:C2

CC1943:C1

CC1943:C1

CC1943:C3

CC1943:C1

CC1943:C2

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C2

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C3

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C1

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C2

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C2

CC1943:C1

CC1943:C1

CC1943:C2

CC1943:C2

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C1

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C2

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C3
CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C3

CC1943:C1

CC1943:C1

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C2

CC1943:C3

CC1943:C1

CC1943:C3

CC1943:C2

CC1943:C3

CC1943:C1

CC1943:C2

vw
b Sa

PI

IE
C

-1

m
ec

C
bl

aZ
LG

A2
51

bl
aZ

ca
t(p

C
22

1)
er

m
(C

)
m

sr
(A

)
st

r
te

t(K
)

te
t(L

)

0.00001 Ty
pe

 X
I S

C
C

m
ec

 v
ar

ia
nt

St
ud

y 
na

m
e

m
ec

C
-M

R
SA

 li
ne

ag
e

C
ou

nt
ry

So
ur

ce

R
eg

io
n

AMR genes

C1

C2

C3

Supplementary Fig. 5 | Phylogenetic tree of 130 S. aureus CC1943 isolates. The undated ClonalFrameML phylogeny was built from a core-genome SNP alignment (7,234 SNPs). The tree was rooted at the most recent common ancestor (MRCA) of S. aureus 
CC1943 (see Methods). The scale bar represents the number of nucleotide substitutions per site. Manual mapping of the type XI SCCmec variants (Supplementary Fig. 2) onto the phylogeny enabled us to assign the 129 mecC-MRSA CC1943 isolates to three 
monophyletic lineages harbouring orthologous type XI SCCmec elements (CC1943:C1 through CC1943:C3). The MRCA of each lineage are illustrated by filled circles coloured to indicate the type XI SCCmec variant. Presence and absence of antibiotic resistance 
genes (ARGs) and mobile genetic elements (MGEs) encoding human- and ruminant-specific immune modulators involved in host switching events are shown as black and white boxes, respectively.
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Supplementary Fig. 6 | BactDating genealogy of 853 S. aureus CC130 isolates. The genealogy was built from the 
recombination-corrected ClonalFrameML tree (Supplementary Fig. 3). Blue and red bars show the 95% confidence intervals for 
ancestral dates and unknown sampling dates, respectively.



Supplementary Fig. 7 | treedater genealogy of 853 S. aureus CC130 isolates. The genealogy was built 
from the recombination-corrected ClonalFrameML tree (Supplementary Fig. 3).
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Supplementary Fig. 8 | BactDating genealogy of 144 S. aureus CC425 isolates. The genealogy was built from the 
recombination-corrected ClonalFrameML tree (Supplementary Fig. 4). Blue and red bars show the 95% confidence intervals for 
ancestral dates and unknown sampling dates, respectively.
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Supplementary Fig. 9 | treedater genealogy of 144 S. aureus CC425 isolates. The genealogy was built from the 
recombination-corrected ClonalFrameML tree (Supplementary Fig. 4).
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Supplementary Fig. 10 | BactDating genealogy of 130 S. aureus CC1943 isolates. The genealogy was built from the 
recombination-corrected ClonalFrameML tree (Supplementary Fig. 5). Blue and red bars show the 95% confidence intervals 
for ancestral dates and unknown sampling dates, respectively.
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Supplementary Fig. 11 | treedater genealogy of 130 S. aureus CC1943 isolates. The genealogy was built from the 
recombination-corrected ClonalFrameML tree (Supplementary Fig. 5).


	Emergence of methicillin resistance predates the clinical use of antibiotics


