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1) Details of the phylogenetic analysis

Phylogenetic relationships of the human bHLH domawere inferred by the Neighbor-
Joining method using the Jones-Taylor-Thornton araicid replacement model, implemented with the
PHYLIP package (evolution.genetics.washington.euyip.html).

Sequences were taken from:

a)Homo sapiens.

b) Ciona intestinalis.

¢) Drosophila melanogaster.

d) Saccharomyces cerevisiae.

€) Kluyveromyces lactis.

f) Schisosaccharomyces pombe.

0) Neurospora crassa.

The gene and ORF names Fomo sapiens andDrosophila melanogaster were taken from
(Ledentet al., 2002). The sequences@ina intestinalis, Saccharomyces cerevisiae, Kluyveromyces
lactis, Schisosaccharomyces pombe, Neurospora crassa were identified by scanning ORF lists of their

genomes, using Hidden Markov Models. The namegspand to their ORFs.



The multiple alignment of the bHLH domains was perfed by clustalw (Tompson et al.,
1994) and edited manually.

The coloured branches were used to reconstruanenany of the tree shown in Figure 2a of
the paper. That summary tree in Figure 2a is eoglaan and does not represent distances, contrary to

the Neighbour Joining tree shown here.

References
e Thompson, J.D., Higgins, D.G. and Gibson, T.J. $®LUSTAL W: improving the
sensitivity of progressive multiple sequence alignirthrough sequence weighting, position-

specific gap penalties and weight matrix choldgcleic Acids Res, 22, 4673-4680.



1a0ab033b02Ip!_K lactis
TYE]. yeast

- SREBP2 humin
A3 Yot _Kluctis

NCU0S970.1
SPBC354.05¢_fission_yeast

SERCIOCE 09 fivsion_ yeast
NE; ul)ﬂ}?disr‘

_human

RTG1_yeast
e
i
)
yeas
NGO do AP0 1. syt
010013182
o
CHAGAS human U02710.1
INO4_yeast
r - "
m”ﬂ:ﬂ}_‘Ml.x TemEAL
WBSCRIA_Fuman M bl
e —— e
———— 3
—— HOI0GA93 ) 1 194 ey
cy2_buman
B buman
Hey 1 hinan CGI7100-Stitch1
= Dec?_horman
DeclHoman
SEp T
CG 14548 An
2
€597 Her

C

(r:,ﬁw%-l’.{ splms.

CGR363-Elspl)
& Hess_human
= U-J’ Hest human
7 _human:
[ 0100139157 i b
€G1D46-sde
| COMIRN _ yor00134469
CGRT04-dpn
Hes |_human
Tiesd_human
CGI2561-cranky
0100142195
Qe
Abr_himan

0100147358 _ UM
e (LU
HirS
i i

<ci0100133264
771-5im
Simg. human
cioio0LATIRR

NPAS3 My~
CGRHEuh

NPAS2 human

CO8T27-cye

CLOCK_hurman T 'G13109-1
- — SRE2_human

e SRCI human

BMN.Iﬁum
BMALS Fuman
CU00144.1
NCU0729.1
2 Mga_human
ESCI_fission_yeast ¢ ast
0100131159 e
‘___(_( €G13316-Mnt
I ‘M wman 0100137424
I Mad3_human
T
Madl_human
Mull KO » cuosiss, i
G1079% dm '
FTh e
- — cf -My<2_hum
L-MKCLhumn e “
N-} >_human CG1007-eme
P Y
—_— 142 human
181 fuman
[ T2 human
L —— 111 humin
T " oumso
0100139452
e - CO100138454
enin_m
—
ooy e
e human
CG5441-del | E—— 0.3 le‘.
22 humyy
I_|—[_.:H5/ywm
o102t HEL bt
A
Myoperin_humsn
Myi6’ piman
0100148598

CGT664-cp
10100133016
O fman

1d3_human



2) Details of the scale-free network analysis

For the mammalian bHLH protein-interaction networke calculated the logarithm of the
frequency of nodes with K interactions, Ln(P(Kydaplotted this against the logarithm of the number
of interactions, Ln(K). The plot of Ln(P(K)) - Ln{kshows clearly that the bHLH protein interaction
network is scale-free, because the distributioconinectivity decays as a power-law ( P(K) % K
wherey=1 ). Moreover, the interactions that were extrast@dly from Transfac were sufficient to

display the scale-free nature of the network.

a Transfac

o literature
— Linear (Transfac)
—— Linear (literature)

Ln(P(k))




3) Protein-protein interactions

We extracted protein interactions forosophila and mammalian members of the bHLH class,
mediated through the Basic Region - Helix-Loop-Kdlomain. Protein interactions for mammals were
extracted for both human and murine orthologues,tduheir high amino-acid sequence identity
(>80%). For example, the human A-fagi@fan— B-factof,umanyand mouse B-fact@fouse)— C-
factormeuseyinteractions were collapsed in the mammalian Aeiggammatiany— B-factofmammaiiany— C-

factofmammaiianyinteractions.
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Protein interactions were initially extracted augditally from the TRANSFAC database
(public release v4; Matyat al., 2003). Later, this dataset was significantlyarded by manual
searches of PubMed (www.ncbi.nlm.nih.gov). Thedidbrosophila, murine, and human bHLH genes
reported by Lederst al. (2002) was used as our primary data set. A t6téa8 mammalian genes
connected by 127 interactions were retrieved. Seearnof these interactions have been verifiedHer t
Drosophila orthologues as well and have been highlightedgaré 2c with thicker lines. Most
interactions have been identified by co-immunogigiion, Electrophoretic Mobility Shift Assay

(EMSA), and Yeast Two Hybrid (Y2H) assays.

References
* Matys, V., Fricke, E., Geffers, R., Gossling, Egubdrock, M., Hehl, R., Hornischer, K.,
Karas, D., Kel, A.E., Kel-Margoulis, O.V., Kloos,D., Land, S., Lewicki-Potapov, B.,
Michael, H., Munch, R., Reuter, I., Rotert, S., 8ak., Scheer, M., Thiele, S. and
Wingender, E. (2003) TRANSFAC: transcriptional riagion, from patterns to profiles.

Nucleic Acids Res, 31, 374-378.



a) Mammals

4) List of protein-protein interactions

i) E-protein Subnetwork interactions

E2A interacts with:

ABF-1
AP-4
BETA3
BHLHB4
BHLHBS
Capsulin
cHairyl
cMesol
Dermo-1
dHAND
E2A
E2-2
eHAND
Eip-1 (HES)
Hash-1
HEB
HEN-1
Hey2
Id-1

Id-2

Id-3

Id-4

Massari et al., 1998

Dear et al., 1997

Peyton et al., 1996

Bramblett et al., 2002

Xu et al., 2002

Lu et al., 1998

Leimeister et al., 2000

Buchburger et al., 1998

Dear et al., 1997

Yoon et al., 2000

Dear et al., 1997

Yoon et al., 2000

Firulli et al., 2000; Yoon et al., 2000
Dear et al., 1997

Persson et al., 2000

Dear et al., 1997

Brown & Baer, 1994

Leimeister et al., 2000

Langlands et al., 1997

Yoon et al., 2000; Langlands et al., 1997
Yoon et al., 2000; Langlands et al., 1997

Jogi et al., 2002



Lyl-1
Mash-1
Mash-2
Mash-3
Math-1
Math-2
mesogeninl
Mist-1
MRF-4/myf6
Myf-5

MyoD
Myogenin
NeuroD
NeuroD2
Ngn-2
N-twist
OUT(mouse)
Paraxis
Scleraxis
Stra-13
Tal-1

Tal-2

Twist

USF

E2-2 interacts with:

ABF-1
Capsulin
Hash-1

Id-1

Miyamoto et al., 1996
Gradwohl et al., 1996; Li et al., 1995t98en et al., 2000; Yoon et al., 2000
Johnson et al., 1992
Yoshida et al., 2001
Yoon et al., 2000; Akazawa et al., 1995
Shimizu et al., 1995
Yoon et al., 2000
Lemercier et al., 1998
Lin & Konieczny, 1992; Yoon et al., 200
Braun et al., 1990
Dear et al., 1997; Li et al., 1995; Petrdpsw& Skerjanc, 2000
Chakraborty et al., 1991; Li et al., 1995
Mutoh et al., 1997
Farah et al., 2000
Gradwohl et al., 1996
Verzi et al., 2002
Narumi et al., 2000
Dear et al., 1997; Quertermus et al.4198on et al., 2000
Dear et al., 1997, Li et al., 1995; (eseet al., 1995; Carlberg et al., 2000
Dear et al., 1997
Dear et al., 1997; Hsu et al., 1994
Xia et al., 1994; Li et al., 1995
Hamamori et al., 1997

Dear et al., 1997

Massari et al., 1998
Lu et al., 1998
Persson et al., 2000

Langlands et al., 1997



Id-2 Langlands et al., 1997

1d-3 Langlands et al., 1997

Id-4 Jogi et al., 2002

Mash-3 Yoshida et al., 2001

MyoD Petropoulos & Skerjanc, 2000

HEB interacts with:

ABF-1 Massari et al., 1998

Capsulin Lu et al., 1998

Id-1 Langlands et al., 1997

Id-2 Langlands et al., 1997

Id-3 Langlands et al., 1997

Mash-3 Yoshida et al., 2001

MyoD Petropoulos & Skerjanc, 2000
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ii) Arnt-network interactions

Arnt interacts with:

Ahr Hahn, 2002; Swanson, 2002

AhrR Hahn, 2002

BMAL1 Hogenesch et al., 1997

Hif2a Hogenesch et al., 1997; Gu et al., 2000at&@n, 2002
Hifla Hogenesch et al., 1997; Gu et al., 2000auseon, 2002
Hif3a Gu et al., 2000

NPAS1 Hogenesch et al., 1997; Gu et al., 2000

PER Hogenesch et al., 1997



Sim1l Swanson, 2002; Chrast et al., 1997

Sim2 Swanson, 2002; Chrast et al., 1997
Heyl Chin et al., 2000
Hey2 Chin et al., 2000; Swanson, 2002

Arnt2 interacts with:

Hif2a Gu et al., 2000
Hifla Gu et al., 2000
Hif3a Gu et al., 2000
Sim1l Chrast et al., 1997
Sim2 Chrast et al., 1997

BMAL-1 interacts with:

Decl Honma et al., 2002
Dec?2 Honma et al., 2002
HIF1la Gu et al., 2000

Arnt Hogenesch et al., 1997

BMAL?2 interacts with:

HIF1la Hogenesch et al., 2000

CLOCK Hogenesch et al., 2000

NPAS2 Hogenesch et al., 2000
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 Honma, S. et al. Decl and Dec? are regulatorseofrthammalian molecular clock. Nature
419, 841-4 (2002).

e Swanson, H. I. DNA binding and protein interactiofisthe AHR/ARNT heterodimer that

facilitate gene activation. Chem Biol Interact 183;76 (2002).

iii) Max network interactions

Max interacts with:

c-Myc Luscher, 2001
L-Myc Luscher, 2001
Mad1l Luscher, 2001
Mad3 Luscher, 2001
Mad4 Luscher, 2001
Max Luscher, 2001
Mga Luscher, 2001

Mnt Luscher, 2001



Mxil Luscher, 2001

N-Myc Luscher, 2001

MIx interacts with:

Mad1l Luscher, 2001
Mad4 Luscher, 2001
MIx Luscher, 2001
Mnt Luscher, 2001; Baudino & Cleveland, 2001
MondoA Luscher, 2001
Whscr14 Luscher, 2001
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e Baudino, T. A. & Cleveland, J. L (2001). The Maxwerk gone mad. Mol Cell Biol 21, 691-
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» Luscher, B (2001). Function and regulation of tlaascription factors of the Myc/Max/Mad

network. Gene 277, 1-14.

iv) Other Interactions

dHAND interacts with:

dHAND Firulli et al., 2000
E2A Firulli et al., 2000
eHAND Firulli et al., 2000
Heyl Firulli et al., 2000
Hey2 Firulli et al., 2000
HeyL Firulli et al., 2000

eHAND interacts with:



Ashl
dHAND
E2A
eHAND
Heyl
Hey2
HeyL

MyoD

Other dimers:

Abfl
Ap4
Ash3
Ash3
cHairyl
cHeyl
cHeyl
cHeyl
cHey2
cHey2
Decl
Decl
Hesl
Hesl
Hesl
Hesl
Id1
Id1
1d2

1d2

1d2

Ap4
Ash3
MyoD
cHairyl
cHairyl
cHeyl
cHey2
cHairyl
cHey2
Decl
Ashl
ld1

1d2

1d3

d4
Myf6
Myogenin
Myf6

Myogenin

Firulli et al., 2000
Firulli et al., 2000
Firulli et al., 2000
Firulli et al., 2000
Firulli et al., 2000
Firulli et al., 2000
Firulli et al., 2000

Firulli et al., 2000

Wong et al., 2001

Hu et al., 1990
Yoshida et al., 2001
Yoshida et al., 2001
Leimeister et al., 2000
Leimeister et al., 2000
Leimeister et al., 2000
Leimeister et al., 2000
Leimeister et al., 2000
Leimeister et al., 2000
St-Pierre et al., 2002
Boudjelal et al., 1997
Jogi et al., 2002

Jogi et al., 2002

Jogi et al., 2002

Jogi et al., 2002

Langlands et al., 1997
Langlands et al., 1997

Langlands et al., 1997

Langlands et al., 1997



1d3 Myf5 Langlands et al., 1997

1d3 Myf6 Langlands et al., 1997

1d3 MyoD Langlands et al., 1997

1d3 Myogenin Langlands et al., 1997

Id4 Hesl Jogi et al., 2002

Id4 MyoD Jogi et al., 2002

Mistl  Mistl Lemercier et al., 1998

Mistl  Myfé Lemercier et al., 1998

Mistl MyoD Lemercier et al., 1998

Myf5 1d1 Langlands et al., 1997

Myf5  1d2 Langlands et al., 1997

MyoD Id Benezra et al., 1990; Puri & Sartorellp0®
MyoD Id1 Langlands et al., 1997

MyoD Id2 Langlands et al., 1997

Ngn2 Ashl Gradwohl et al., 1996

Nscll Nscll Brown & Baer, 1994

Twist  Twist Hamamori et al., 1997

Usfl Usfl Dhar & Taneja, 2001

Usf2  Usf2 Dhar & Taneja, 2001

Usfl Usf2 Dhar & Taneja, 2001

All 4 Mitf family genes interact among them Hemiset al., 1994

All 4 COE interact among them Wang et al., 20@02ang et al., 1997
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4, by degenerate oligo-based direct selection. G&l Neurosci 20, 404-14.

* Wong, J. et al., (2001). Characterization of abaslix-loop-helix protein, ABF-1: nuclear
localization, transcriptional properties, and iatgion with Id-2. DNA Cell Biol 20, 465-71.

* Yoshida, S. et al., (2001). Sgn1, a basic helixHbelix transcription factor delineates the

salivary gland duct cell lineage in mice. Dev Bid0, 517-30.

b) Drosophila melanogaster bHLH protein interactions

A Group - Da subnetwork interactions

Da interacts with

Ac Cabrera and Alonso, 1991

Sc Cabrera and Alonso, 1991

Lsc Cabrera and Alonso, 1991

Emc Alifragis et al., 1997; Cabrera et al., 1984t et al., 2003
Twist Castanon et al., 2001

Ato Jarman et al., 1993



nau Zhang et al., 1999

amos Huang et al., 2000
Scl Giot et al., 2003
Fer3 Giot et al., 2003
m5 Alifragis et al., 1997
m7 Alifragis et al., 1997
m8 Alifragis et al., 1997
mb Alifragis et al., 1997
mg Alifragis et al., 1997

C Group - Tango subnetwork interactions

Tango interacts with:

ss Emmons et al., 1999

Sim Sonnenfeld et al., 1997
Sima Sonnenfeld et al., 1997
Trh Sonnenfeld et al., 1997

Cycle interacts with:

Clock Bae et al., 2000

B Group - Max network interactions

dMax interacts with:

dmyc Gallant et al., 1996; Giot et al., 2003

dMnt Orian et al., 2003; Giot et al., 2003

dMIx interacts with:

dMondoA Ayer (personal communication); Giot ef 2003



Other dimers:

Emc Ac Cabrera et al., 1994; Alifragis et al., 799
Emc Sc Cabrera et al., 1994; Alifragis et al.,7,99iot et al., 2003
Emc Lsc Cabrera et al., 1994
Emc Nscl Giot et al., 2003

mb mb Alifragis et al., 1997
mb mg Alifragis et al., 1997
mb md Alifragis et al., 1997
mb m3 Alifragis et al., 1997
mb m5 Alifragis et al., 1997
mb m7 Alifragis et al., 1997
mb m8 Alifragis et al., 1997
mg mg Alifragis et al., 1997
mg md Alifragis et al., 1997
mg m3 Alifragis et al., 1997
mg m5 Alifragis et al., 1997
mg m7 Alifragis et al., 1997
mg m8 Alifragis et al., 1997
md md Alifragis et al., 1997
md m3 Alifragis et al., 1997
md m5 Alifragis et al., 1997
md m7 Alifragis et al., 1997
md m8 Alifragis et al., 1997
m3 m5 Alifragis et al., 1997
m5 m5 Alifragis et al., 1997
m6 m7 Alifragis et al., 1997
m7 m8 Alifragis et al., 1997
m7 m8 Alifragis et al., 1997

m7 NSCL Giot et al., 2003



m8 m8 Alifragis et al., 1997
ato mb Alifragis et al., 1997
ato m7 Alifragis et al., 1997
ato m3 Alifragis et al., 1997
Ac mb Alifragis et al., 1997
Ac mg Alifragis et al., 1997
Ac m3 Alifragis et al., 1997; Giot et al., 2003
Ac m7 Alifragis et al., 1997
Sc m3 Alifragis et al., 1997
Sc m7 Alifragis et al., 1997
Sc mb Alifragis et al., 1997
Sc mg Alifragis et al., 1997
Ase m3 Alifragis et al., 1997
Ase m7 Alifragis et al., 1997
Ase mb Alifragis et al., 1997
Ase mg Alifragis et al., 1997
Twist Twist Castanon et al., 2001
Hey dpn Giot et al., 2003

tap mb Giot et al., 2003

tap m5 Giot et al., 2003
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