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Online Supplemental Table 1
Genes differentially expressed in micro-array (left atria NppaCre;CT3 mice vs NppaCre control mice) and validated by quantitative RT-PCR or in situ hybridization.

	description (symbol)
	genbank accession
	fold change
	validation

	Reduced in NppaCre-CT3 atria; Chamber-specific
	
	
	

	small muscle protein, X-linked (Smpx)
	NM_025357
	7.5x
	a, c#

	sodium channel, voltage-gated, type V, alpha (Scn5a)
	NM_021544
	11.4x
	a, c#, p

	gap junction membrane channel protein alpha 1 (Gja1/Cx43)
	NM_010288
	5.1x
	a, c#, p

	gap junction membrane channel protein alpha 5 (Gja5/Cx40)
	NM_008121
	21.5x
	a, c#, p

	natriuretic peptide precursor type A (Nppa)
	XM_131840
	9.8x
	a, c#

	natriuretic peptide precursor type B (Nppb)
	NM_008726
	9.5x
	a, c

	homeobox only domain (Hop)
	AK003784
	4.6x
	a, c#, p

	creatine kinase, muscle (Ckm)
	NM_007710
	4.8x
	c

	aldehyde dehydrogenase 1 family, member B1 (Aldh1b1)
	NM_028270
	3.2x
	a

	
	
	
	

	Induced in NppaCre-CT3 atria; AVC-specific
	
	
	

	calcium channel, voltage-dependent, T type, alpha 1G subunit (Cacna1g/Cav3.1)
	NM_009783
	7.3x
	c#, p

	calcium channel, voltage-dependent, alpha 2/delta subunit 2 (Cacna2d2)
	NM_020263
	3.1x
	c

	hyperpolarization-activated, cyclic nucleotide-gated K+ 1 (Hcn1)
	AK049936
	16.3x
	c#, p

	gap junction membrane channel protein alpha 7 (Gja7/Cx45)
	NM_008122
	2.1x
	c

	inositol 1,4,5-triphosphate receptor 1 (Itpr1)
	NM_010585
	2.4x
	c, p

	neurotrimin (Hnt)
	NM_172290
	4.4x
	p

	
	
	
	

	Induced in NppaCre-CT3 atria; structural/extracellular matrix
	
	
	

	myosin, heavy polypeptide 10, non-muscle (Myh10)
	NM_175260
	3.8x
	c, p

	actin, gamma 2, smooth muscle, enteric (Actg2)
	NM_175260
	6.5x
	c

	actin, alpha 2, smooth muscle, aorta (Acta2)
	NM_007392
	5.2x
	c

	transgelin/ smooth muscle protein 22 alpha (Tagln)
	NM_011526
	3.3x
	c

	chondroitin sulfate proteoglycan 2 (Cspg2/Versican)
	NM_019389
	3.4x
	p

	fibulin 2 (Fbln2)
	NM_007992
	2.6x
	a

	lumican (Lum)
	NM_008524
	3.5x
	c

	elastin (Eln)
	NM_007925
	8.5x
	c

	
	
	
	

	Induced in NppaCre-CT3 atria; signalling
	
	
	

	bone morphogenetic protein 4 (Bmp4)
	NM_007554
	7.1x
	a, c

	bone morphogenetic protein 6 (Bmp6)
	NM_007556
	2.9x
	a

	MAD homolog 6 (Drosophila) (Smad6)
	NM_008542
	3.0x
	a, p

	secreted frizzled-related protein 2 (Sfrp2)
	NM_009144
	14.0x
	c

	smoothened homolog (Drosophila) (Smo)
	NM_176996
	2.3x
	c, p

	follistatin-like 1 (Fstl1)
	NM_008047
	3.3x
	

	fibroblast growth factor receptor 2 (Fgfr2)
	NM_010207
	3.2x
	c, p

	transforming growth factor, beta 2 (Tgfb2)
	NM_009367
	2.9x
	a, p

	neuregulin 1 (Nrg1)
	NM_178591
	2.7x
	

	dapper homolog 1, antagonist of beta-catenin (xenopus) (Dact1/Frodo)
	NM_021532
	2.2x
	a, c

	naked cuticle 2 homolog (Drosophila) (Nkd2)
	NM_028186
	2.1x
	b, c, p

	calpain 6 (Capn6)
	NM_007603
	5.7x
	

	frizzled-related protein (Frzb)
	NM_011356
	2.2x
	c

	frizzled homolog 1 (Drosophila) (Fzd1)
	NM_021457
	3.2x
	c, p

	delta/notch-like EGF-related receptor (Dner)
	NM_152915
	2.3x
	

	
	
	
	

	Induced in NppaCre-CT3 atria; transcription
	
	
	

	SRY-box containing gene 9 (Sox9)
	NM_011448
	8.9x
	c

	homeo box, msh-like 1 (Msx1)
	NM_010835
	2.0x
	a

	mesenchyme homeobox 1 (Meox1)
	NM_010791
	4.9x
	a, c

	forkhead box C2 (Foxc2)
	NM_013519
	1.8x
	c

	limb-bud and heart (Lbh)
	NM_029999
	5.3x
	a, c#, p

	inhibitor of DNA binding 2 (idb2)
	NM_010496
	3.5x
	c

	inhibitor of DNA binding 3 (idb3)
	NM_008321
	3.6x
	a, c, p

	inhibitor of DNA binding 4 (idb4)
	NM_031166
	2.8x
	c, p

	four and a half LIM domains 2 (Fhl2)
	NM_010212
	3.7x
	c, p

	twist gene homolog 1 (Drosophila) (Twist1)
	NM_011658
	2.2x
	c

	odd-skipped related 1 (Drosophila) (Osr1)
	NM_011859
	3.0x
	a

	
	
	
	

	Induced in NppaCre-CT3 atria; miscellaneous
	
	
	

	Rho-associated coiled-coil containing protein kinase 2 (Rock2)
	NM_009072
	3.3x
	c

	WAP four-disulfide core domain 1 (Wfdc1)
	NM_023395
	3.1x
	c, p

	dopa decarboxylase (Ddc)
	AK011834
	2.3x
	c, p


a, validated by in situ hybridization; c, validated by QRT-PCR (P-value < 0.05); #, results micro-array confirm previous results (Hoogaars et al, 2007); p, possesses intergenic Tbx3 ChIP-seq peak(s) 
Online Supplemental Table 2 

Biological processes and cellular components (GO_BP and GO_CC) differentially regulated in atria of NppaCre vs NppaCre-CT3 mice (Global test).

	GO_BP
	Description of process
	N tested
	NppaCre
	NppaCre-CT3

	GO:0006817
	phosphate transport
	67
	1
	9

	GO:0006818
	hydrogen transport
	57
	8
	1

	GO:0006633
	fatty acid biosynthetic process
	63
	1
	6

	GO:0009141
	nucleoside triphosphate metabolic process
	42
	5
	0

	GO:0009108
	coenzyme biosynthetic process
	68
	9
	1

	GO:0060047
	heart contraction
	46
	2
	6

	GO:0048469
	cell maturation
	73
	2
	7

	GO:0007005
	mitochondrion organization and biogenesis
	52
	4
	1

	GO:0007179
	TGF receptor signaling pathway
	48
	1
	4

	GO:0055065
	metal ion homeostasis
	65
	1
	6

	GO:0055074
	calcium ion homeostasis
	59
	1
	6

	GO:0045597
	positive regulation of cell differentiation
	59
	1
	5

	GO:0015992
	proton transport
	52
	7
	1

	GO:0006163
	purine nucleotide metabolic process
	55
	6
	0

	GO:0006118
	electron transport
	14
	5
	0

	GO:0006119
	oxidative phosphorylation
	35
	10
	0

	GO:0043284
	biopolymer biosynthetic process
	33
	4
	1

	GO:0051216
	cartilage development
	50
	1
	5

	GO:0030278
	regulation of ossification
	25
	0
	6

	GO:0030218
	erythrocyte differentiation
	39
	2
	5

	
	
	
	
	

	GO_CC
	Description of process
	N tested
	NppaCre
	NppaCre-CT3

	GO:0016323
	basolateral plasma membrane
	67
	1
	5

	GO:0030659
	cytoplasmic vesicle membrane
	36
	0
	3

	GO:0016469
	proton-transporting two-sector ATPase complex
	35
	5
	1

	GO:0031252
	leading edge
	73
	0
	5

	GO:0016529
	sarcoplasmic reticulum
	24
	4
	2

	GO:0044455
	mitochondrial membrane part
	62
	21
	1

	GO:0044420
	extracellular matrix part
	87
	4
	11

	GO:0005761
	mitochondrial ribosome
	36
	10
	0

	GO:0005759
	mitochondrial matrix
	50
	14
	0

	GO:0005777
	peroxisome
	85
	6
	1

	GO:0005746
	mitochondrial respiratory chain
	47
	20
	0

	GO:0005865
	striated muscle thin filament
	14
	2
	0

	GO:0005581
	collagen
	35
	0
	8

	GO:0005912
	adherens junction
	55
	2
	4

	GO:0001518
	voltage-gated sodium channel complex
	8
	2
	1

	GO:0043025
	cell soma
	63
	0
	5

	GO:0030424
	axon
	70
	2
	6

	GO:0030017
	sarcomere
	62
	7
	1

	GO:0043292
	contractile fiber
	73
	10
	2

	GO:0030141
	secretory granule
	35
	2
	4


N tested, total number of genes tested in category; NppaCre, number of genes in category with induced expression in NppaCre mice above threshold; NppaCre-CT3, number of genes in category with induced expression in NppaCre-CT3 mice above threshold.

Online Supplemental Table 3

Genes induced in micro-array (left atria NppaCre;CT3 mice vs NppaCre control mice; p<0.05) and expressed in the atrioventricular valve/cushion mesenchyme according to Genepaint (http://www.genepaint.org/).

	a disintegrin-like and metalloprotease with thrombospondin type 1 motif, 2 (Adamts2)
	NM_175643

	AXL receptor tyrosine kinase (Axl)
	NM_009465

	dermatopontin (Dpt)
	NM_019759

	trophoblast glycoprotein (Tpbg)
	NM_011627

	procollagen, type V, alpha 1 (Col5a1)
	NM_015734

	LIM domain only 4 (Lmo4)
	NM_010723

	transforming growth factor, beta induced (Tgfbi)
	NM_009369

	GTL2, imprinted maternally expressed untranslated mRNA (Gtl2)
	NM_144513

	endothelial differentiation, lysophosphatidic acid G-protein-coupled receptor, 2 (Edg2)
	NM_010336

	RIKEN cDNA 9630015D15 gene (9630015D15Rik)
	NM_181401

	RIKEN cDNA 9630054F20 gene (9630054F20Rik)
	NM_173784

	serine (or cysteine) proteinase inhibitor, clade F, member 1 (Serpinf1)
	NM_011340

	syndecan 2 (Sdc2)
	NM_008304

	beta-site APP-cleaving enzyme 2 (Bace2)
	NM_019517

	cDNA sequence BC034054 (BC034054)
	NM_178049

	thioredoxin domain containing 5 (Txndc5)
	NM_145367

	dihydropyrimidinase-like 3 (Dpysl3)
	NM_009468

	lipoma HMGIC fusion partner-like 2 (Lhfpl2)
	NM_172589

	prostaglandin I2 (prostacyclin) synthase (Ptgis)
	NM_008968

	calponin 3, acidic (Cnn3)
	NM_028044

	furin (paired basic amino acid cleaving enzyme) (Furin)
	NM_011046

	endothelial differentiation, sphingolipid G-protein-coupled receptor, 5 (Edg5)
	NM_010333

	latent transforming growth factor beta binding protein 3 (Ltbp3)
	NM_008520

	epithelial membrane protein 3 (Emp3)
	NM_010129

	microfibrillar-associated protein 2 (Mfap2)
	NM_008546

	CD9 antigen (Cd9)
	NM_007657

	FK506 binding protein 10 (Fkbp10)
	NM_010221

	lysyl oxidase-like 1 (Loxl1)
	NM_010729

	RIKEN cDNA 4930519N13 gene (4930519N13Rik)
	NM_207204

	junction adhesion molecule 2 (Jam2)
	NM_023844

	procollagen, type VI, alpha 1 (Col6a1)
	NM_009933

	CAP, adenylate cyclase-associated protein 1 (yeast) (Cap1)
	NM_007598

	potassium voltage-gated channel, shaker-related, subfamily, member 6 (Kcna6)
	NM_013568

	expressed sequence AI194308 (AI194308)
	NM_138752

	integrin, alpha 10 (Itga10)
	XM_112192

	roundabout homolog 1 (Drosophila) (Robo1)
	NM_019413

	ubiquitin carboxy-terminal hydrolase L1 (Uchl1)
	NM_011670

	thrombospondin 2 (Thbs2)
	NM_011581

	decorin (Dcn)
	AK031456

	nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 4 (Nfatc4)
	NM_023699

	syntaxin binding protein 1 (Stxbp1)
	NM_009295

	latent transforming growth factor beta binding protein 4 (Ltbp4)
	NM_175641

	calpain 6 (Capn6)
	NM_007603

	platelet-derived growth factor receptor-like (Pdgfrl)
	NM_026840

	matrix gamma-carboxyglutamate (gla) protein (Mglap)
	NM_008597

	Mus musculus potassium inwardly-rectifying channel, subfamily J, member 15 (Kcnj15)
	NM_019664

	chondroitin sulfate proteoglycan 2 (Cspg2)
	NM_019389


Online Supplemental Table 4
Anni 2.0 (Jelier et al., 2008) was used to find those genes induced in micro-array (left atria NppaCre;CT3 mice vs NppaCre control mice; p<0.05) associated most with the literature concepts “Heart Septum”, “Heart Valves”, “Cardiac Jelly” and “Epithelial-to-mesenchymal transition”. The top15 and their association scores (higher means more explicit and implicit connections to these terms in the literature) are shown.

	Gene
	Association score

	Tgfb2
	0.0721

	Bmp4
	0.0620

	Hgf
	0.0611

	Glipr2
	0.0578

	Gata4
	0.0578

	Eln
	0.0576

	Gja7
	0.0569

	Twist1
	0.0543

	Mmrn1
	0.0530

	Smad6
	0.0529

	Msx1
	0.0522

	Tnc
	0.0522

	Sox9
	0.0515

	Bmp6
	0.0471

	Timp1
	0.0471


Online Supplemental Table 5. Enrichment of Tbx3 ChIP-seq peaks within, or within the vicinity of, up- and down-regulated genes

The control datasets were 6 sets of genes from the non-significant portion of the microarray and contain a similar gene number and base coverage as the sample sets Up and Down. The up- and down-regulated genes are associated with significantly more Tbx3 ChIP-seq peaks than the control sets (39.2% (average control) and 62.1% (average control +/- 20 kbp)) (♠ p=1.7x10-5, ♣ p=1.9x10-7, ♥ p=3.5x10-3 and ♦ p=2.8x10-10). The down-regulated genes are significantly more enriched for Tbx3 association than the up-regulated genes (* p=0.02 and # p<0.0001). The calculated p values are the significance of the enrichment using a Z-test, which uses the normal approximation of the binomial distribution to compare proportions. The top five GO catagories (Huang et al., 2009) for the Tbx3 enriched genes of both the up and down datasets are shown in the right hand side of the table.
	Microarray
	% Peak association

Tbx3     Tbx5{Tbx3} 
	Up/Down Tbx3 subset GO analysis

Top 5 Biological process (p<0.001)

	Up
	54.3♠
	90.1
	UP
	7.7% cellular component morphogenesis

5.6% cell morphogenesis in differentiation

4.9% actin cytoskeleton organization

6.6% cell morphogenesis

5.6% heart development

	Down*
	61.7♣
	87.4
	
	

	Up

+/- 20 kbp
	72.8♥
	92.4
	Down
	3.8% fatty acid metabolic process

2.2% muscle system process

3.8% heart development

1.6% regulation of myeloid leukocyte differentiation

4.5% monovalent inorganic cation transport

	Down#
+/- 20 kbp
	83.6♦
	93.4
	
	


Online Supplemental Table 6. Primer sequences

	Bmp2
	TGAATCAGAACACAAGTCAGTGGG
	TGGAGCGGATGTCCTTTTCC

	Nppa
	ATGGGCTCCTTCTCCATCAC
	CGGTACCGGAAGCTGTTGC

	Has2
	ACGGTGCCTTTTTAGCCTCG
	TACATAATCCACGCTTCGCCCC

	Tgfbeta2
	CGGAGGTGATTTCCATCTACAACAG
	CTCTGGCTTTGGGGTTTTGC

	Notch1
	CTGAATGGAGGTAGGTGCGAAG
	GGCAGCGACAGATGTATGAAGAC

	Snail1
	GTCCTCAACCCCGCCGCTTCGC
	AGCCAGACTCTTGGTGCTTGTG

	Msx2
	AAAGGCGGTGACTTGTTTTCG
	GGTTGGTCTTGTGTTTCCTCAGG

	Smad6
	CTGTCAGCATTTTCTACGACCTACC
	GAACACCTTGATGGAGTAACCCG

	Sox9
	ACAAGAAAGACCACCCCGATTAC
	TGCTCAGTTCACCGATGTCCAC

	Twist1
	GAAATCTGCGGGCGGAGGCGGC
	CTAGTGGGACGCGGACATGGACCA

	GAPDH
	ACCACAGTCCATGCCATCAC
	TCCACCACCCTGTTGCTGTA

	id2
	TCCCTTCTGAGCTTATGTCG
	GTCCATTCAACGTGTTCTCC

	Nppb
	GTCCAGCAGAGACCTCAAAA
	AGGCAGAGTCAGAAACTGGA

	Fbln2
	AGACCTGCCACAATATCCAG
	TGAGCTGGTAGTGCGTGAT

	Frzb
	CTGCCTCTGTCCTCCACTTA
	TTTACCCAGTCCAAGGTGTC

	Id3
	TGATCTCCAAGGACAAGAGG 
	GAAGAGGGCTGGGTTAAGAT 

	Msx1
	GAAAGCCCCGAGAAACTAGA
	CGGCAATAGACAGGTACTGC

	Nkd2
	AGCGCAGAAACCACTACCTA
	AGACCTGCGGTGGTGTATAG

	Slco3A1
	CCAGCAACTGAGAGTGATCC
	TCAGCTTCTTCACCAAAAGG

	Lumican
	GCTGCAATACCTGCGTTTAT
	GCAGATGCTTGATCTTGGAG

	Meox1
	AAGGAGAGGACAGCCTTCAC
	CACGTTTCCACTTCATCCTC

	Pkd2
	CCAAGCTGAAGAGACGAGAG  
	TGTGTGCTTACACCATGACC  

	Sox9
	CTGAACGAGAGCGAGAAGAG
	GCGCCTTGAAGATAGCATTA

	Srf2
	CCAAGAATGAGGACGACAAC
	ATTTCTTCAGGTCCCTTTCG

	Fgfr2
	ACCAACTGCACCAATGAACT
	TTGTGTCGGGGTAACTAGGA

	Rock2
	AGAGCAGTCCAACCCTTACA
	ATTTTTCTCCCACTGGTTCC

	Smo
	ACAGTGATGATGAGCCCAAG
	CATCTTGGTGACATGCTGAG

	Acta2
	ATGCAGAAGGAGATCACAGC
	CAGCTTCGTCGTATTCCTGT

	Actg2
	ATGCAGAAGGAAATCACAGC
	GGCCCTCTGACTTTAGAAGC

	Ckm
	ATTCTCACTCGCCTTCGTC
	CAGCTTCTTCTCCATCTCCA

	Tagln/Sm22a
	CTCTCCTTCCAGTCCACAAA
	CCACACTGCACTACAATCCA

	Fzd1
	CTCTTTAGCCTCTCCCAACC
	TCAGAGGGAGTGCAGTAACC

	FoxC2
	CAACCCAACAGCAAACTTTC
	AGCCTCAGTATTTGGTGCAG

	Cacna2d2 (2)
	TCATGTACTACGATGCCAAGG
	TTACACTGCTTGGAGTCCGGA

	Cx40
	GGAAGACGGGCTGTTCCA
	CCCATTTCAGAAAACAAACACA

	Bmp4
	ATCTTTACCGGCTCCAGTCT
	CTGCTGAGGTTGAAGAGGAA


Primers for genotyping Cre: GGTTCGCAAGAACCTGATGGACAT with GCTAGAGCCTGTTTTGCACGTTCA using an annealing temperature of 63oC for 1 minute.

Primers for CT3 genotyping: CAGTCAGTTGCTCAATGTACC with ACTGGTGAAACTCACCCA using an annealing temperature of 57 oC for 30 seconds.

Primers for genotyping HprtTBX2 mice: TCTTACTGCTGAGGCTTCCG with CCCCCTTGATTGCTGATTTTAC using an annealing temperature of 56 oC for 1 minute.
Primers for genotyping Tbx2Cre mice: GGATGTCCCGATGAGAGAGCC with GAAGAAGGAGGGCTGCGCT for wild type allele and GGATGTCCCGATGAGAGAGCC with GCTAGAGCCTGTTTTGCACGTTCA for genotyping Tbx2Cre.

Primers for genotyping Tbx3Cre mice: AGCGGAGCCAAGCCAGCA with CCTTGGCCTCCAG GTGCAC for wild type allele and AGCGGAGCCAAGCCAGCA with GCTAGAGCCTGTTTTGCACGTTCA for genotyping Tbx3Cre.
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