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Figure S1: A maximum likelihood tree of the 39 ribosomal proteins L31 sharing one 

protein family at T60.  

Including 12 Betaproteobacteria (magenta), 20 Gammaproteobacteria (yellow), 6 
Deltaproteobacteria (cyan) and the unclassified proteobacteria Magnetococcus MC-1. Clades 
containing more than one specie of the same proteobacterial class are shown collapsed. 
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Figure S2: A maximum likelihood  tree of the 124 asparaginyl-tRNA synthatase proteins 

sharing one proteine family at T55.  

Including 110 Gammaproteobacteria (yellow) and 14 Deltaproteobacteria (cyan). Clades 

containing more than one specie of the same proteobacterial class are shown collapsed. 
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 Figure S3: Boxplots of the ancestral geneome sizes calculated with the rRNA reference 

tree. 

Calculated for the whole Dataset (A), the five proteobacterial classes (B-F) and the tree 

species E. coli (G), F. tularensis (H) and Y.pestis (I) allowing different ammounts of LGT. 
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Figure S4: Gene content reference tree of 329 proteobacterial species.  

Containing 82 alphaproteobacteria (green), 52 betaproteobacteria (magenta), 157 

gammaproteobacteria (yellow), 18 deltaproteobacteria (cyan), 19 epsilonproteobacteria 

(purple) and the unclassified proteobacteria Magnetococcus MC-1. 

!"
#$%
&'(
)*+)
',(
$%-
.+)#

,/)
%0"
1*'

+'$
-2

.3
45

6,
(7

,"
.-

1)+
8#

,#
.1

'
9'

0$
"#

:

5;,;<4,)"%8'0,)1$="=,+">?.*'%879.@,.)+">?.*'">'+71'%)#7A

4B
C,

#)
#1

"
9$

D+
'*

,E
.+

'(
)1

.?
%F

,C.%9'1"%%.,>872)9$+)$9,GH4

I
">
28
%'
*.
?>
"+
)$
9
,J
,J
<

,A#?2"+)?2).,?'%),CA@A@,CIC,K,L

AL
LG

A6
I,

#1
"?

$0
'+7

)?)
1)?

?$
#,

.)
9)"

21
1.

I

L6#)6,#)+>#$%.7,#.1'
9'0$"#7'0'2

M

6$
+D2
'%0
"+).

,9$
%>)(
'+.
1#,
FH
@@
,N5
<N<

,@'E
)"%%.,

*$+1"
>))

#)(',.%%"?$+6

A7#)%'17+'>"'
*.?>"+).,@.9

78%'*.?>"+,="=
$1),MIN44N

,O.1>2'9'1.#,?.97"#>+)#

,C.%9'1"%%.,"1>"+)?.,#"+'(.+,:.+.>872),6,C:65

NP6
IF,

9$?)>"1-.
9,

9$%%)+)7#'>"1-.
I

Q
'%*.?2).,"10'#89*)'1>,'&,6+$-).,9.%.8),HMC

R.
11
.#
?2
).,
@@
CN

N.%$
?"9

"H,.
#')0)

>#.&
,.%%"

%8O

S
)>+
'*
.?
>"
+,2
.9

*$
+-
"1
#)
#,
ON
J

5P
M

I,
.%%

"1
.T

"2
C

,F"+'9'1.#,#.%9'1)?)0.,FJJ;

,G"-)'1
"%%.,71

"$9'7
2)%.,G"

1#

60
"%%'

()*
+)'
,*.
?>"
+)'
('+
$#

LL
NC

U,
.?)

>%
.*

,.
%%

"1
.T

"2
C

6+
$?
"%%
.,
?.
1)#
,F
H@
@,
4K
K<
L

A7#)%'
17+'>"

'*.?>"
+).,F+?

'*.?>"
+,*$>V

%"+),MI
JWN3

,X"+#)1).,7"#>)#,:"#>')0"#,Y

F1
."
+'9

8E'
*.
?>"
+,Y
TN
W;
PL

6$
+D2
'%0
"+)
.,K
3K

?<
H,

.?)
>1

.%>
.,

#.
1'

9'
+"

>%.
'0

$"
#:

6'
+0
">
"%%
.,
7.
+.
7"
+>$
##
)#

,A#?2"+)?2).,?'%),BN4

6+
$?
"%%
.,
.*
'+
>$
#,;
P;
JN

:"%'
*.?

>"+,?
.+*)

1'%)
?$#

M)?D">>#).,*"%%)),U
CZ,3LPK3;

6$
+D2
'%0
"+)
.,7
#"
$0
'9
.%%
"),
<<
3

3N6#)6,#)+>#$%.7,#.1'
9'0$"#7'0'2

M

I
"#
'+
2)
V'
*)
$9

,%'
>)

,Y+.1
?)#"%

%.,>$
%.+"1

#)#,>$
%.+"1

#)#

,C'0.%)#
,-%'##)1

)0)$#,9'
+#)>.1#

,F?)1">'*.?>"+,#7,F!:N

2>.6,#$>.%$#7.?,#$??'?'%82>"
I

M)?D">>#).,?'1'+))

,X"+#)1).,7"#>)#,*)'(.+,I"0)."(.)%#

,Y+.
1?)#

"%%.
,>$%.

+"1
#)#,

2'%.
+?>)?

.,Y
HF

6$
+D2
'%0
"+
).,
9.
%%"
),S
@H
@,
NW
4J
5

M'
#"
'*
.?
>"+
,0"
1)>
+)&)
?.
1#
,U
@2
,NN
J

6$
+D2
'%0
"+)
.,9

.%%
"),
S@
H@
,NW
44
;

6$
+D2
'%0
"+).

,()"
>1.
9)"

1#)
#,[

J

\89
'9

'1.#,9
'*)%)#,\I

J
C)%
)?)
*.
?>"
+,7
'9
"+'
8),
!C
CP
K

J6
A,

QF
/,

#)
#1

"E
.&)

%.
2,

.%%
"1

.T
"2

C

,Y+.
1?)#

"%%.
,>$%.

+"1#
)#,2

'%.+
?>)?

.

,A#?2"+)?2).,?'%),UNL5/5,A!G;KK

!"
?2
%'
+'
9
'1
.#
,.
+'
9
.>
)?
.,
M@

6

,B%"*#)"%%.,71"$9'1).",I[/,53L53

,O.1>2'9'1.#,?.97"#>+)#,("#)?.>'+).,3LPNW

M2
'0
'&
"+
.E
,&"
++)
+"
0$
?"
1#
,H
NN
3

6+
$?
"%%
.,
#$
)#,
FH
@@
,4
KJ
JL

,C2)-"%%.,&%"E1"+),L,3JWN

,X"+#)1).,7"#>)#,F1-'%.

:.
+.
?'
??
$#
,0"
1)>
+)&
)?.
1#
,:
!N
44
4

I
">
28
%)*
)$
9
,7
">
+'
%"
)7
2)
%$
9
,:
I
N

M2
'0
'*
.?
>"+
,#7
2.
"+'
)0"
#,F
H@
@,
N5
W4
;

,C2"T.1"%%.,*.%>)?.,UCN;L

NY,.0)>$7,#.1'
9'0$"#:

I
"#
'+
2)
V'
*)
$9

,6
S@

N

C81
>+'7

2$#
,.?)

0)>+'
72)?

$#,C
6

,])*+)',&)#?2"+),ACNNJ

A7#)%'1
7+'>"'*

.?>"+).,
H2)'9)?

+'#7)+.,
0"1)>+)&)

?.1#,FH
@@,KK3

3;

;N<
Q,.0)>$7,#.1'

9'0$"#:

,C2"T.1"%%.,7$>+"&.?)"1#,@SPK4

]"
+9
)1
"7
2+
'*
.?
>"
+,"
)#
"1
).
",
AY
WN
P4

,@.10)0.>$#,6%'?29.11).,7"11#8%(.1)?$#,6:AS

A7#)%
'17+'

>"'*.
?>"+).

,/"%)?
'*.?

>"+,78
%'+),4

<<;L

,@2+'9'2.%'*.?>"+,#.%"E)-"1#,!CI,KWJK

N
Q

M,
))

2?
)>>

)
T,

#.
1'

9'
-1

)2
7C

N[F:/,)+'%87,+">?.*'?)%"/,.)+">?.*'">'+71'%)#7A

#1.08E'?)1"#+.,#.1'
9))1)

9+"/

,:.#>"$+"%%.,9$%>'?)0.

M2
'0
'*
.?
>"+
,#7
2.
"+
')0
"#
,F
H@
@,
N5
W4
L

,@'E)
"%%.,*

$+1">
)),MCF

,KKN

NPA
/G

I,)"2?)%+2",.%'?)1
9)%)%.D%F

9$?)1'7.=,
9$)*'V)2+80.+6

#.
#1

.D
+F

,#)
#1

""
&&

.2
?,

.)2
?)%+

2A

6.+>'1"%%.,2"1#"%.",/
'$#>'1PN

6$
+D2
'%0
"+)
.,7
#"
$0
'9
.%%
"),
N5
NW
*

R.
1>
2)
1'
*.
?>
"+
)$
9
,I
.+
#"
)%%"

"#
$'

%$
'H

,.
1.

>1
)$

^,
.%%

"1
'>+

.6

F?
)0
'(
'+
.E
,.
("
1.
",
?)
>+$
%%),
FF

@W
WP
N

".
+"%

'2
?,

')+
*)

]

A7#)%'17+'>"'*.
?>"+).,@.978%'*

.?>"+,="=$1)

C)%
)?)
*.
?>"
+,H
IN
WJ
W

,])*+)',?2'%"+.",UK;L

,@.10)0.>$#,]"#)?'98'#'?)$#,'D$>.1)),/F

,X"+#)1).,7#"$0'>$*"+?$%'#)#,X:___

<L
44

6
M,

#)
#1

"D
#.

%.
,#

)E
87

'-
1)

27
C

JJ
JL

N,
@

@H
F,

9$
)1

$>
7"

1,
#.

1'
9'

27
8

/

,_0)'9.+)1.,%')2)"1#)#,G4HM

F1.7%.#9
.,9

.+-)1.%",C>,I
.+)"#

4J,SY@,)%>",
9$)*'V)2M

,:#8?2+'*.?>"+,?+8'2.%'%"1>)#,BL

6'
+0
">
"%%
.,
7"
+>$
##
)#

!)1
'+'
#"
'*
.?
>"+
,#2
)*.
",!
YG
,N4

@2
+'
9
'*
.?
>"
+)$
9
,(
)'
%.
?"
$9

,C2)-"%%.,&%"E1"+),4.,4JL5H

#$>1"?#"+?,+">?.*'%$.
@

A7#)
%'17

+'>"'
*.?>

"+).,
/"%)?

'*.?
>"+,2

"7.>
)?$#

6WN/!,)
%'?,.)2

?)+"2?#A

W5NNN,
@

@HF,
9$+*$+,

9$%%)+)7#'0'2
M

A7#)%'17+'
>"'*.?>"+)

.,@.978%'
*.?>"+,?$+

($#,L4L,;4

,X"+#)1).,7#"$0'>$*"+?$%'#)#,_:K4;LK

:'%81$?%"'*.?>"+,1"?"##.+)$#,CH_MN

,:#8?2+'*.?>"+,.+?>)?$9,45KPJ

,F"+'9'1.#,280+'72)%.,FH@@,5;<<

,F?>)1'*.?)%%$#,7%"$+'71"$9'1).",#"+'(.+,K,RGWK

["'
*.?>

"+,9
">.%%

)+"0$
?"1#

,[CP
NL

45
/6,#$?+.'VF,

6'
+0
">
"%%
.,
7"
>+)
)

,A1>"+'*.?>"+,<K3

,O.1>2'9'1.#,'+8V.",IFYY,KNNWN3

LP&
:,

#1
"?

#"
+'

$%&
,#

.1
'

9'
0$

"#
:

,6$?21"+.,.72)0)?'%.

LP
YR

,
9$

>7
8+

?,
9$

)%)
27

)0
)?

F

,Y+.
1?)#

"%%.
,>$%.

+"1
#)#,

2'%.
+?>)?

.,U
CZN

3

M)?D">>#).,.D.+),/.+>&'+0

,:2'>'*.?>"+)$9,7+'&$10$9,CC;

,O8%"%%.,&.#>)0)'#.,IN4

NP
U&:,#1"?#"+'$%&,#.1'

9'0$"#:

,])*+)',($%1)&)?$#,@I@:<

FKW5NC@],#$#'0'1,+">?.*'%"2?)!

4JJKL
W,#)0)

>)-1)1
"9,.)

+"##)
"S

64
6C

,#
)#

1"
1'

V.
9.

,.
%%

"1
.T

"2
C

,F?>)1'*.?)%%$#,7%"$+'71"$9'1).",G4W

A7#)%
'17+'

>"'*.
?>"+).

,/"%)
?'*.

?>"+,.
?)1'1

8?2)#
,C2"

"*.

,H2)'9)?+'#7)+.,?+$1'-"1.,O@GP4

,/."9'72)%$#,)1&%$"1V.",:)>>AA

JJ
J4

N,
IC

!,
#1

.+
'(

)?
)>

.
9'

+.
,

9$
)*

'-
1)

27
#'

('
S

NP5K@6S,9$('+$&%$C,.)+">?.*'">'+71'%)#7A

.#
'1

)-
$+

".
,#

.1
'

9'
0$

"#
:

,X"+#)1).,7"#>)#,B_I

,X"+#)1).,"1>"+'?'%)>)?.,3W3N

M
2'
0'
7#
"$
0'
9
'1
.#
,7
.%
$#
>+)
#,
/
.F
4

S")##"+).,9"1)1-)>)0)#,\4J;N

M)?D">>#).,?.1.0"1#)#,I
?B)"%

6'
+0
">
"%%
.,
*+
'1
?2
)#"
7>
)?.

,/."9'72)%$#,)1&%$"1V.",3<,W43S:

,@)>+'*.?>"+,D'
#"+),FH@@,6FF

P3;L

,O8%"%%.,&.#>)0)'#.

,G"-)'
1"%%.,

71"$9
'72)%.

,:2)%.
0"%72

).,N

A7#)%'17
+'>"'*.?

>"+).,Q'%)1"%%.,#
$??)1'-"

1"#

,6$?21"+.,.72)0)?'%.,C-

J:!,#)+.-%$(

,

')+*)('&%$#"!

,:#8?2+'9'1.#,)1-+.2.9)),K5

6+
.0
8+
2)
V'
*)
$9

,6
HF

)N

I.-1">'?'??$#,I@PN

NK34,
I@R,#1.+"%'>'

)

0.+,
9$)+">?.*'%82>"

I

<43KN,#$#)?1'?,+">?.*'%879.@,.)+">?.*'">'+71'%)#7A

A2+%)?2).,?.1)#,R.D"

:"%'
*.?

>"+,7
+'7)

'1)?
$#,!

CI,
4K5

;

,C2)-"%%.,#'11"),C#WJ<

,C2"T.1"%%.,#"0)9
)1)#,/FQ

PA6K

FV
'.
+?
$#
,#
7,
A*
SN

A7#)%'17+'>
"'*.?>"+).,

@.978%'*.
?>"+,&">$#,3

4PJW

A7#)%'17+'>"'*.?>"+).,@.978%'*.?>"+,2'9)1)#,FH@@,6FFPK3N

354C
M

U,
9$)*'V)2+80.+6

,C2)-"%%.,&%"E1"+),4.

NGC,.%)27'%.2,.+)7#'0'2+'%.
/,

,I.+)1'9'1.#,IQXGN

LL4P*
S,)8D#0.+-'1)

T,+">?.*'+>)
S

,@.10)0.>$#,6%'?29.11).,&%'+)0.1$#

NPC
!,#1.+'()>1"

9.(.%,
9$%$?.*)(+.:

,C.%9'1"%%.,"1>"+)?.,:.
+.>87),FH@@,;NLW

L4
N@

FH
,#)

>D
1.%

7'%
.2

,#
.1

'
9'

+"
>%.

'0
$"

#:

C)
1'
+2
)V
'*
)$
9
,9
"%
)%'
>)

,A#?2"+)?2).,?'%),@YHW5K

N5L,C
M

U,#1.0'1)%$.?,
9$)*'V)2+'VF

M.%
#>'1

).,"
$>+'

72.
,RI

:NK
J

S")##"+).,9"1)1-)>)0)#,I@L3

2>)
9C

,.
%)

"2
C,

))
#>>

"D
?)+

,.
)#

>>
"D

?)
M

,C2"T.1"%%.,Q
KPN3PN

Q
'%*.?2).,"10'#89*)'1>,'&,!+'#'72)%.,9"%.1'-.#>"+

F-
+'
*.
?>
"+
)$
9
,>$
9
"&
.?
)"
1#
,@
L3
,@
"+
"'
1

:'
%.+
'9
'1
.#
,1
.7
2>
2.
%"1
)('
+.
1#
,@
R4

,C.%9'1"%%.,"1>"+)?.,@2'%"+."#$)#

M)?D">>#).,&"%)#,ZMMQ
O@.%4

48:,#$?)27'+>'>$.,+">?.*'2>1.O
,/."9'72)%$#,)1&%$"1V.",:)>>[[

N5
@,.27'+>$",#.1'

9'#'+>)
S

I
">
28
%'
*.
?)
%%$
#,
&%.
-"
%%.
>$
#,
BHG"
7>
'>
2+
)E,
?2
'%
'0
1)
),C
:,
<

M.
%#>'

1).
,#'
%.1
.?"

.+$
9

M.
%#>'

1).
,9"

>.%%
)0$
+.1

#,@
/K
J

,F?)1">'*.?>"+,*.$9.11)),FH@@,N5;53

,C.%9'1"%%.,"1>"+)
?.,.+)V'1.",#"+'(

.+,<4,VJ,V4K,,

["'
*.?>

"+,#$
%&$++

"0$?
"1#

,X"+#)1).,7"#>)#,F1>)^$.

M)?D">>#).,9
.##)%).",I

HZL

S")##"+).,-'1'++2'".",YF,NW;W

WNC
@

I,#)+.
9,#)%$.?)+.

I

,@'%T"%%).,7#8?2+"+8>2+.".,KJ/
,])*+)',($%1)&)?$#,XRWN<

M
2'
0'
7#
"$
0'
9
'1
.#
,7
.%
$#
>+)
#,
6)
#F
LK

3JG,.%)27'
9'>1",#.1'

9'0$"#:

,C.%9'1"%%.,>872)

,/."9'72)%$#,)1&%$"1V."

,C2"T.1"%%.,FSFPK

6$
+D2
'%0
"+
).,
9.
%%"
),F
H@
@,
4K
KJ
J

A7#)%'17+'>"'*.?>"+
).,@.978%'*.?>"+,="

=$1),3NNN<

,C2"T.1"%%.,*.%>)?.,U
CN3L

,C2"T.1"%%.,%')2)?.,:]PJ

M
2'
0'
7#
"$
0'
9
'1
.#
,7
.%
$#
>+)
#,
@
[
FW
W;

S
)>+
'#
'9

'1
.#
,"
$+
'7
."
.

,Y+.
1?)#

"%%.,
>$%.

+"1#
)#,1'

()?)0
.,ZN

N4

,A+T)1).,?
.+'>'('+.

,.>+'#"7>)?
.,C@M_NW

JK

,A#?2"+)?2).,?'%),ZH_3;

M2
)V'
*)
$9

,%"
-$
9
)1
'#
.+
$9

,*
(,
()?
).
",
K3
JN

N
/_

S
!

[
@,

#)
#1

"0
#"

2>
"*

,+
">

?.
*'

%$
1.

+
[

J;
L4

@
@H

/,
#)%

.+
'>)

%,
+"

>?
.*

'+
2>

8+
A

WW
WK

@
!,

'>
.

9'
>,

".
-1

)+
8#

,#
.1

'
9'

0$
"#

:

<5
JL

WN
,:

_
@,

9$
+'

?'
*)+

>,
.%%

"1
'>+

.6

:'%81$?%"'*.?>"+,`GQP:N!IQFPN

,6$?21"+.,#7

!"#
$%&'

>.%"
.,7

#8?
2+'

72)
%.,G

C(L
J

["'
*.?>

"+,$
+.1)

$9+
"0$

?"1#
,M&J

A7#)%'
17+'>

"'*.?
>"+).,

/"%)?
'*.?>

"+,78
%'+),R;

;

!"
%&>
).
,.
?)0
'(
'+
.1
#,
C:

/P
N

M
)?D">>#).,7+'T

.V"D))

,C"++.>).,7+
'>".9.?$%.

1#,L<3

F3
JJ

N,
.%

'?
)%

'"
#.

27
,"

.-
1)+

8#
,#

.1
'

9'
0$

"#
:

H2
)'
*.
?)
%%$
#,
0"
1)
>+)
&)?
.1
#,
FH

@
@
,4
L4
L;

,A#?2"+)?2).,?'%),UNL5/5

,C2"T.1"%%.,0"1)>+)&)?.1#,UC4N5

6$
+D2
'%0
"+)
.,7
#"
$0
'9
.%%
"),
NN
W<
.

,C2)-"%%.,08#"1>"+)."

,:#8?2+'*.?>"+,:MT&PN

6$
+D2
'%0
"+
).,
E"
1'
('
+.
1#
,G6
JW
W

U+)"1>).,>#$>#$-.9
$#2),6'+8'1-

3H
],

)"
%'

".
$^

.,
+"

>?
.*

'1
)+

.
I

@.1
0)0.

>$#,
!"#

$%&'
?'?

?$#
,'%"

'('
+.1

#,/
E0K

,X"+#)1).,7#"$0'>$*"+?$%'#)#,_:,KN5L3

,X"+#)1).,7"#>)#,@U;4

,C2)-"%%.,*'80)),C*445

,/."9'72)%$#,#'91$#,N4;:H
4<

WN
@

@H
/,

"$
^)

*$
,+

">
?.

*)
-.

%"
:,

#$
>.

0)
01

.
@

!"#
$%&'

()*
+)',

0"#
$%&$

+)?.
1#,
[4
W

WWPNSI,A/:,#)+.%$%%"?.+>1),.)1'#T.G

,

6$
+D2
'%0
"+)
.,7
#"
$0
'9
.%%
"),
B;
<4
JK

@P:@4,#1.1"-'%.2"0,+">?.*'E89'+".1F

,C2"T.1"%%.,&+)-)0)9
.+)1.,S@_I

6,JWW

7
98

,.
1)

?'
01

"
9,

#.
1'

9'
0$

"#
:

,O.1>2'9'1.#,'+8V.",BF@@NWKKN

5F
:,

.#
'1

)-
$+

".
,#

.1
'

9'
0$

"#
:

,@.10)0.>$#,@.+#'1"%%.,+$00)),:]

,F?)1">'*.?>"+,*.$9.11))

6$
+D2
'%0
"+).

,?"
1'?

"7.
?).
,I@

W,K

5W5;N,
@

@HF,)1."?',#$??'?'#'+>)
S

<;NL4,
@

@HF,#)
9+'&)>%$

9,.+)7#'#'+>)
S

I
">
28
%'
*.
?>
"+
)$
9
,"
E>
'+
^$
"1
#,
:F

N

WJJ4HB,.0)>$7,#.1'
9'0$"#:

A2+%)?2).,+$9)1.1>)$9,Q
"%-"('10"1

;NJ
IC

Q,".?)0"
9,

9$)*'V)2+'1)C

S")##"+).,9"1)1-)>)0)#,YFIN3

,])*+)',2.+("8),FH@@,6FFPNNN<

,A1>"+'*.?>"
+,#.D.V.D)),F

H@@,6FFP3;
J

U?
2+
'*
.?
>+$
9
,.
1>
2+
'7
),F
H@
@,
J;
N3
3

JN
F:

P:
:6

@
Z,

.#
'1

)-
$+

".
,#

.1
'

9'
0$

"#
:

S"'+)?D">>#).,#"11">#$,I)8.8.9.

6$
+D2
'%0
"+)
.,>
2.
)%.
10
"1
#)#
,A4
<J

I8
E'?

'??
$#,
E.1

>2$
#,!

B,N
<4
4

,Q)--%"#T'+>2).,*+"()7.%7)#

,O.1>2'9'1.#,?)>+)

,A#?2"+)?2).,?'%),/C

,C.%9'1"%%.,>872),H84

#)#1">)%"
9

,

.%%"?$+6

:'
%.+
'9
'1
.#
,RC

<<
<

M
)?D">>#).,>872),T

)%9
)1->'1

A7#)%'17+'>"'*.?>"+).,@.9
78%'*.?>"+,="=$1),3NPN5<

,6.$9.11).,?)?.0"%%)1)?'%.,/'9.%'0)#?.,?'.-$%.>.

6$
+D2
'%0
"+)
.,9

.%%
"),
CF
]:
N

NW
LN

F,
)+

"V
>$

>#
,#

.1
'

9'
0$

"#
:

,

N,6
[,.0)>$7,#.1'

9'0$"#:

6$
+D2
'%0
"+)
.,?
"7
.?
).,
FI
I!

,G"-)'
1"%%.,7

1"$9'
72)%.,@

'+*8

NKB,+">?.*'%$.
@

,C2"T
.1"%%.,7".%".1.,FH@

@
,5WWKJL3W

;N
L,

@
@H

F,
)8

0'
'

T,
.%%

"1
.

T"
2C

6.+>'1"%%.,*.?)%%)&'+9
)#,B@

L3K

)+0"?,.+.1)@,?@,.%'?)0)27.,.+"12?$6

,:2'>'+2
.*0$#,%$

9)1"#?"
1#

,Y+.
1?)#

"%%.
,72)

%'9
)+.-

).,F
H@@

,4LW
N5

,O.1>2'9'1.#,?.97"#>+)#,3WWJ

,/."9'72)%$#,0$?+"8),KLWWW/:
,A#?2"+)?2).,?'%),QKNNW

A2+%)?2).,+$9
)1.1>)$9

,[.+0"%

6$
+D2
'%0
"+)
.,?
"1
'?"

7.
?).
,/_
4J
4J

/N
4<

,#
1.

08
E'

,+
">

?.
*'

1'
?$

%
[

,X"+#)1).,7"#>)#,S"7.%LN<

M
)?D">>#).,*"%%)),M

I
GK<;P@

M2
'0
'*
.?
>"+
,#7
2.
"+'
)0"
#,4
,J,
N

,/."9'72)%$#,#'91$#,4KK<
C'
+.1
-)$
9,?

"%%$
%'#
$9
,,C
',?
",L
<,

,@.10)0.>$#,M$>2).,9.-1)&)?.,@9,@.%87>'-"1.,9.-1)&)?.,

,@'E
)"%%.,

*$+1
">)),!

$-T.
8,5A

;PN4

6$
+D2
'%0
"+)
.,?
"1
'?"

7.
?).
,FZ

,NW
LJ

M)?D">>#).,+)?D">>#)),_'T.

,F?)1">'*.?>"+,*.$9.11)),C!Y

,G"-)'
1"%%.,7

1"$9
'72)%.

,:.+)#

JP
M

I,
.%%

"1
.T

"2
C

6+
$?
"%%
.,9

"%)
>"1
#)#
,*)
'(
.+
,F
*'
+>$
#

WJ
P4

,#
1.

0.
+-

"0
,#

$-
.2

7'
+.

2?
?.

C

A2+%)?2).,+$9
)1.1>)$9

,#>+a,Q
"%-"('10"1

C81
>+'7

2'*
.?>"

+,&$
9.+

'E)0
.1#

,I:
U6

L,
%F

:,
#$

?)
27

'+>
'V

.)
0,

+"
>?

.*
'>

"?
.1

'?
$%

[,

F?
)0
'(
'+
.E
,R
CJ
4

,A#?2"+)?2).,?'%),A4JK55F

<;
K4

,
@H

@B
,#

)#
1"

$=
"2

?,
.%%

"2
.

/
,

,Y+.
1?)#

"%%.,
>$%.+

"1#)
#,YC

@,N;
3

6+
$?
"%%
.,
#$
)#,
NK
KW

,C2"T.1"%%.,'1")0"1#)#

,])*+)',7.+.2."9'%8>)?$#

,F?>)1'*.?)%%$#,#$??)1'-"1"#,NKW\

,A#?2"+)?2).,?'%),F:A@,UN

,Y+.
1?)#

"%%.,
>$%.+

"1#)
#,Q

X;<
PKJN

3

F1.7%.#9
.,72.-'?8>'72)%$9

,/\

A7#)%'1
7+'>"'*

.?>"+).
,S)>+.>)

+$7>'+,
C6NLL

P4

M.%
#>'
1).
,"$

>+'7
2.,

/N<

,A#?2"+)?2).,?'%),LK<

!"#$%&'#"'($)#"&*$

+$,,$%&'#"'($)#"&*$

-".#$%&'#"'($)#"&*$

/%0*.'1%&'#"'($)#"&*$

2.%3$%&'#"'($)#"&*$



Networks of gene sharing among 329 proteobacterial genomes reveal differences in lateral gene 
transfer frequency at different phylogenetic depths 

Thorsten Kloesges, Ovidiu Popa, William Martin, Tal Dagan 
 

SUPPLEMENTARY MATERIAL 

 6 

Figure S5: Boxplots of the ancestral geneome sizes calculated with the gene content 

reference tree. 

Calculated for the whole Dataset (A), the five proteobacterial classes (B-F) and the tree 

species E. coli (G), F. tularensis (H) and Y.pestis (I) allowing different ammounts of LGT. 

 

!"# $%&& !'()(* $+", $+"- $+". $+",/
0

,

1

-

2

/

3

.

45,02

+
6*
%7

65
&(
86

!"#$%#&'($%")'

95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/ 95<0;=> 95:50;0/
!"# $%&& !'()(* $+", $+"- $+". $+",/

0

0;/

,

,;/

1

1;/

45,02

+
6*
%7

65
&(
86

*+,-',"#$%#&'($%")'

95:50;0/ 95:50;0/ 95<0;-. 95<0;-1 95:50;0/ 95:50;0/
!"# $%&& !'()(* $+", $+"- $+". $+",/

0

0;/

,

,;/

1

1;/

45,02

+
6*
%7

65
&(
86

.%$',"#$%#&'($%")'

95:50;0/ 95:50;0/ 95<0;, 95<0;,2 95:50;0/ 95:50;0/

!"# $%&& !'()(* $+", $+"- $+". $+",/
0

0;/

,

,;/

1

1;/

-

-;/

2

45,02

+
6*
%7

65
&(
86

/'00',"#$%#&'($%")'

95:50;0/ 95:50;0/ 95:50;0/ 95<0;2. 95:50;0/ 95:50;0/
!"# $%&& !'()(* $+", $+"- $+". $+",/

0

1000

2000

3000

>000

,0000

,1000

,2000

+
6*
%7

65
&(
86

1%+$',"#$%#&'($%")'

95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/
!"# $%&& !'()(* $+", $+"- $+". $+",/

/00

,000

,/00

1000

1/00

-000

-/00

2000

2/00

/000

+
6*
%7

65
&(
86

2,3)+#4,"#$%#&'($%")'

95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/ 95:50;0/

!"# $%&& !'()(* $+", $+"- $+". $+",/
1/00

-000

-/00

2000

2/00

/000

//00

3000

3/00

.000

+
6*
%7

65
&(
86

!"#$%&

95:50;0/ 95:50;0/ 95<0;,= 95:50;0/ 95:50;0/ 95:50;0/
!"# $%&& !'()(* $+", $+"- $+". $+",/

,100

,-00

,200

,/00

,300

,.00

,>00

,=00

+
6*
%7

65
&(
86

'"()%*+,-.&.

95:50;0/ 95<0;1- 95<0;.- 95<0;,2 95:50;0/ 95:50;0/
!"# $%&& !'()(* $+", $+"- $+". $+",/

-000

-/00

2000

2/00

+
6*
%7

65
&(
86

/"0,.(&.

95:50;0/ 95<0;, 95<0;=/ 95<0;0. 95<0;0/ 95:50;0/

* . 5

1 2 6

/ 7 8



Networks of gene sharing among 329 proteobacterial genomes reveal differences in lateral gene 
transfer frequency at different phylogenetic depths 

Thorsten Kloesges, Ovidiu Popa, William Martin, Tal Dagan 
 

SUPPLEMENTARY MATERIAL 

 7 

Figure S6: A minimal LGT network for 329 Proteobacteria using a gene content 

reference tree. 

Vertical edges are indicated in gray, with both the width and the shading of the edge shown 

proportional to the number of inferred vertically inherited genes along the edge (see scale 

bar). The lateral network is indicated by edges that do not map onto the vertical component, 

with number of genes per edge indicated in color (see scale). The MLN showing all 61,964 

edges of weight ≥1 gene in the MLN (A). The MLN showing only the 16,349 edges of weight 

≥5 genes (B). The network showing only the 3,000 edges of weight ≥20 genes (C). 
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Figure S7: MLN for species datasets. 

A minimal LGT network for the proteobacterial species Escherichia coli (A), Francisella 

tularensis (B) and Yersinia pestis (C) using a ML-reference tree and a minimal LGT network 

for the same species using a gene content reference tree (D-F). Vertical edges are indicated in 

gray, with both the width and the shading of the edge shown proportional to the number of 

inferred vertically inherited genes along the edge (see scale bar). The lateral network is 

indicated by edges that do not map onto the vertical component, with number of genes per 

edge indicated in color (see scale bar). 
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Figure S8.  Properties of the minimal LGT networks in species scale. 

Properties are shown for a randomly selected replicate. (A-C) Distribution of connectivity, the 

number of one-edge-distanced neighbors for each vertex, in the MLN. (D-F) Frequency 

distribution of edge weight in the lateral component of the MLN. 
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Table S1: Universal proteine families at different proteine identity thresholds. 
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Table S2: Pairs of species disconnected in NSP70 
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Table S3: Class universal families at T70 
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Table S4: Classes, orders, species and effective genome size in the modules colored by 

modul at different proteine identity thresholds.
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Table S5: Recent LGT estimated for the total Proteobacteria 
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