
Figure S6. Exchange of Cu-ATPases among several α-, β- and γ- Proteobacteria and Bacteroidetes species. The foreign 

origin of 30 putative recently transferred genes coding for Cu-ATPases identified in members of Rhizobiales order (see 

text) was tested with a phylogenetic approach comparing the species' phylogeny, inferred from 16S rRNA genes (A) with 

+
the phylogeny inferred from homologous Cu -ATPase coding genes (B). The incongruent phylogenetic relationship amog 

Cu-ATPases (B) support the hypothesis that those genes have been exchanged among distantly related species. The branch 

support value (Bootstrap) of each phylogenetic group is indicated at the nodes. The scale bars for 16S rDNA gene and 

CopA phylogenies indicate 0.1 and 0.3 expected changes per nucleotide or amino acid under the applied model, 

respectively.

Ahrensia kielensis IAM12618 (D88524)

Agrobacterium radiobacter  K84 (NC_011985)

Rubellimicrobium sp. MSL20 (EF547368)

Oligotropha carboxidovorans OM4 (CP002821)

B. bronchiseptica ATCC 19395 (U04948)

A. fabrum C58 (NC_003304)

Brevundimonas diminuta a236 (EU434459)

Ochrobactrum anthropi ATCC 49188 (NC_009667)

S. meliloti 2011 (CP004140)

Aureimonas sp. AU20 (CP006375)

Ahrensia sp. DFL-13 (AJ582084)

Pelagibacterium halotolerans B2 (NR_102924)

Brevundimonas terrae CCM17B (FN433028)

P. syringae Lz4W (AJ576247)

M. nodulans ORS 2060 (NC_011894)

S. liquefaciens CIP 103238 (NR 042062)

Salinibacter ruber DSM 13855 (AF323500)

B. thiooxidans BI-42 (AF508803)

S. marcescens MG1 (AY498856)

Hoeflea sp. IMCC20628 (NZ_CP011479)

T. denitrificans NCIMB 9548 (AJ243144)

Citreimonas salinaria CL-SP20 (NR_043303)

B. pertussis Tohama I (BX6408)

Stenotrophomonas maltophilia KB2 (DQ230920)

Pseudoxanthomonas spadix BD-a59 (CP003093)

A. ferrivorans SS3 (CP002985)

Nitrosospira multiformis Nl13 (AY123807)

B. vesii 34635 (AF288306)

Citreimonas sp. FB01 (KX922680)

M. parjimensis MCS 25 (NR_025323)

Methylobacterium radiotolerans JCM 2831 (NC_010505)

S. meliloti SM11 (CP001830)

Pseudomonas fluorescens ATCC 49642 (AF094732)

Aeromonas culicicola CECT 5761 (AY347680)

Ahrensia sp. DFL-42 (AJ582086)

S. ruber C5 (AY5234)

M. extorquens DM4 (NC_012988)

M. extorquens AM1 (NC_012808)

N. eutropha C91 (AY123795)

Serratia liquefaciens OTU-b25 (KJ147071)

Brevundimonas sp. Tibet-IBa1 (D08394)

A. kielensis B9 (NR_025886)

Acidithiobacillus thiooxidans ATCC 19377 (AY552087)

R. thermophilum C-lvk-R2A-2 (NR 042346)

A. enteropelogenes CECT 4487 (EF465529)

S. liquefaciens ATCC 27592 (CP006252)

Bosea sp. PAMC 26642 (CP014301)

Thiobacillus denitrificans ATCC 25259 (NC_007404)

S. liquefaciens JCM1245 (NR 112008)

B. petrii PLLA-3 (EF4429)

Methylobacterium sp. 4-46 (NC_010511)

M. virginensis VC 5 (NR_025444)

Sinorhizobium meliloti 1021 (NR_074279)

M. chloromethanicum CM4 (NC_011757)

Stenotrophomonas maltophilia ATCC 13637 (NR 112030)

Martelella mediterranea 2PR55-7 (EU440955)

B. diminuta ATCC 11568 (FR7754)

N. eutropha NSW4 (KF618626)

M. extorquens PA1 (NC_010172)

Chelativorans sp. BNC1 (NC_008254)

P. avellanae PD 2378 (HF558391)

Martelella mediterranea MARC4H (DQ768639)

Nitrosomonas aestuarii Nm36 (FR828476)

N. halophila Nm1 (FR828475)

T. denitrificans ME16 (EU5430)

S. meliloti CCNWNX0020-1 (EU333839)

Nitrosospira briensis C-128 (L35505)

Polymorphum gilvum SL003B-26A1 (CP002568)

Maricaulis salignorans MCS 18 (NR_025322)

M. populi BJ001 (NC_010725)

Roseomonas terrae DS-48 (EF3636)

B.  bronchiseptica S1 (E06073)

Bordetella avium AU9795 (EU0856)

A. ferrivorans NO-37 (AF376020)

Maricaulis sp. MCS31 (AJ301666)

Rhodothermus marinus DSM 4252 (AF7494)

B. hinzii AU12584 (EU0870)

96

100

100

97

100
94

100

100

100

100

100
100

100

100

92

100

98

97

100

100

100

100

100

100

98

97

99

95

100

96

100

100

96

100

100

100

100

100

0.1

P. gilvum
 SL003B-26A1

 (YP_004305520)

Chelativorans sp. BNC1 (Q11G30)

A
u

re
im

o
n

a
s
 s

p
. 
 A

U
2
0
 (W

P
_
0
6
1
9
7
3
1
5
9
)

M. extorquens AM1 (C5AWI8)

N
itr

os
om

on
as

 e
ut

ro
ph

a 
C

91
 (
Y
P
_7

46
32

0)

M
. e

xt
orq

uen
s 

A
M

1 
(C

5B
00

2)

P
se

u
d
o
xa

n
th

o
m

o
n
a
s sp

a
d
ix B

D
-a

5
9
 (Y

P
_
0
0
4
9
2
9
4
5
9
)

Acidithiobacillus ferrivorans SS3 (YP_004783336)

A
g

ro
b

a
c
te

riu
m

 ra
d

io
b

a
c
te

r K
8
4
 (B

9
J
J
7
5
)

Agrobacterium radiobacter K84 (B9JNC3)

Serratia liquefaciens ATCC 27592 (WP_020827080)

Aureimonas sp. AU20 (M673_21640)

Hoeflea sp. IMCC20628 (IMCC20628_04834)

M
ethylobacterium

 nodulans O
RS2060 (B8IN84)

S
. m

el
ilo

ti 
S
M

11
 (Q

1W
L
83

)

Ahrensia sp. 13 GOM-1096m (WP_051540975)

M
. e

x
to

rq
u

e
n

s
 A

T
C

C
 1

4
7
1
8

 (C
5
B

3
T

2
)

S
. 
m

e
li
lo

ti
 S

M
2
0
11

 (M
4
M

P
E

7
)

Pelagibacteriu
m haloto

lera
ns B

2 (G
4REK2)

Brevundimonas diminuta (WP_003165014)

M
ar

te
le

lla
 s

p.
 A

D
-3

 (A
ZF

01
_0

10
65

)

M
. 
n

o
d

u
la

n
s
 O

R
S

2
0
6
0
 (B

8
IW

I5
)

C
h
el

at
iv

o
ra

n
s 

sp
. B

N
C

1 
(Q

11
B

G
5)S. liquefaciens (WP_048758721)

A
u

re
im

o
n

a
s
 s

p
. 
A

U
2
0
 (M

6
7
3
_
0
1
9
2
0
)

Roseomonas sp. (WP_019460575)
C

h
elativo

ran
s sp

. B
N

C
1 (Q

11B
I2)

P
se

u
d
o
m

o
n
a
s a

ve
lla

n
a
e
 B

P
IC

6
3
1
 (W

P
_
0
0
5
6
2
1
9
4
0
)

Rhodothermaceae bacterium RA (WP_068126289)

Polym
orphum

 gilvum
 (W

P_013653937)

Polym
orphum

 gilvum
 (W

P_013654525)

M
e
th

y
lo

b
a
c
te

riu
m

 e
x
to

rq
u

e
n

s
 D

M
4
 (C

7
C

E
Y

4
)

Methylobacterium
 sp. 4-46 (B0UGH1)

M
. e

x
to

rq
u

e
n

s
 A

T
C

C
 1

4
7
1
8
 (C

5
A

S
D

8
)

M
. 
e
x
to

rq
u

e
n

s
 D

M
4
 (C

7
C

8
F

4
)

Hoeflea sp. IMCC20628 (IMCC20628_04449)

T
hiobacillus denitrificans (W

P
_018078629)

B
o
rd

e
te

lla
 p

e
rt

u
ss

is
 I
9
7
9
 (A

L
X

2
6
9
1
7
)

S
. 
m

e
li
lo

ti
 G

R
4
 (M

4
IK

T
8
)

M
. exto

rq
u
en

s D
M

4 (C
7C

F
45)

Maricaulis sp. JL2009 (WP_022697385)

Methylobacterium extorquens AM1 (C5ASH0)

Citreimonas salinaria DSM 26880 (SDY81891)

A
. f

ab
ru

m
 C

58
 (A

9C
JP

7)

S
. m

el
ilo

ti
 C

C
N

W
S

X
00

20
 (H

0F
V

P
1)

Methylobacterium populi BJ001 (B1ZBA0)

Hoeflea sp. IMCC20628 (IMCC20628_04629)
H

oeflea sp. IM
C

C
20628 (IM

C
C

20628_04815)

Pseudomonas syringae Lz4W (WP_003444258)

M
 e

xto
rq

uens D
M

4 (C
7CG78)

M
e
th

y
lo

b
a
c
te

ri
u

m
 n

o
d

u
la

n
s
 O

R
S

2
0
6
0

 (
B

8
IV

D
2
)

M
. e

x
to

rq
u

e
n

s
 C

M
4

 (B
7
K

Q
J
2
)

Agro
bacte

riu
m

 fa
bru

m
 C

58 (A
9CJP7)

Bosea sp. PAMC26642 (AXW83_04575)

M. e
xtorquens CM4 (B7KQY2)

M
. ra

d
io

to
le

ra
n

s
 J

C
M

2
8
3
1

 (B
1
L

U
X

6
)

M
e
th

y
lo

b
a
c
te

ri
u

m
 p

o
p

u
li
 B

J
0
0
1
 (B

1
Z

D
Q

2
) M

. e
x
to

rq
u

e
n

s
 A

T
C

C
 1

4
7
1
8
 (C

5
A

U
M

6
)

M
e
th

y
lo

b
a
c
te

riu
m

 s
p

. 4
-4

6
 (B

0
U

Q
2
3
)

M
. exto

rq
u
en

s
 A

T
C

C
 14718 (C

5B
1T

2)

S
in

o
rh

iz
o

b
iu

m
 m

e
li
lo

ti
 1

0
2
1
 (Q

9
2
Z

6
0
)

M. extorquens DM4 (C7CHN0)

S. liquefaciens ATCC 27592 (YP_008230540)

Stenotro
phomonas m

alto
philia

 PML168 (W
P_019184655)

Ochrobactrum
 anthropi ATCC 49188 (A6X3Y7)

R
ubellim

icrobium
 therm

ophilum
 (W

P
_021099112)

Meth
ylobacteriu

m sp. 4
-46 (B

0UBJ9)

100

100

1
0

0

100

1
0
0

1
0
0

100

1
0
0

99100

1
0
0

100

1
0
0

100

100

100

100

10
09

9

100

100

10
0

99

10
0

100100

99

100

100

100

10
0

100
1
0
0

100

100

10
0

1
0
0

100
100

96

1

A B

M
et

hy
lo

ba
ct

er
iu

m
 r
ad

io
to

le
ra

ns
 A

TC
C
 2

73
29

 (B
1M

10
5)

α-Proteobacteria
β-Proteobacteria
γ-Proteobacteria
Bacteroidetes

Phylum


	Página 1

