
Supplementary experimental procedures: 

Quantitative RT-PCR: EBs were harvested every 24 hours during differentiation for total 

RNA isolation.  2mg of total RNA was reverse transcribed using random decamers, and 

MMLVRT.  Relative RNA expression levels were measured using quantitative RT-PCR.  

Detection of CPC markers was achieved with FAM/ MGB probes (Applied Biosystems):  Nkx2-

5 (cat.# Mm00657783_m1), Tbx5 (cat.# Mm00803521_m1), Myh6 (Mm00440354_m1), Tnnt2 

(Mm00441922_m1), Brachyury (Mm00436877_m1).  The instrument used was the Applied 

Biosystems ABIPrism 7900HT sequence detection system and the software for data collection 

and analysis was the SDS2.1.  An 18S RNA probe (Hs99999901_s1) was used in order to 

normalize the data. 

Immunocytochemistry:  EBs were harvested at the various indicated timepoints, washed 

with PBS, and fixed with 4% paraformaldehyde in PBS (overnight at 4oC).  The EBs were then 

dehydrated in 30% sucrose/ PBS (overnight at 4oC) and cryopreserved in O.C.T compound 

(Sakura, cat.# 4583).  The frozen EBs were sectioned and the sections were placed on glass 

slides for the staining.  All solutions used contained 1% donkey serum, and Triton X-100.  

Primary antibodies used were: mouse anti-Actn1 (Sigma, cat.# EA53, 1:400), mouse anti-Tnni3 

(US Biological, cat.# T8665-13F, 1:400), goat anti-Nkx2-5 (Santa Cruz, cat.# sc8697, 1:200), 

goat anti-Gata5 (R&D, cat.# AF2170, 1:200), goat anti-Bmp2/4 (R&D, cat.# AF355, 1:200), 

goat anti- Myocardin (Santa Cruz, cat.# sc21559, 1:200), mouse anti-GFP (Molecular Probes, 

cat.# A11120, 1:400), mouse anti-Ki-67 (Zymed, cat.# 18-0192Z, 1:200), mouse anti-Pcna 

(Santa Cruz, sc56, 1:200), mouse anti-Cd31 (Abcam, cat# 24590, 1:100), rabbit anti-Von 

Willebrand factor (Abcam, cat# ab6994, 1:100), rabbit anti-Acta2 (Abcam, cat# ab5694, 1:100).  

The secondary antibodies used were: donkey anti-mouse Alexa 594 (Molecular Probes, cat.# 



A21203, 1:500), donkey anti-goat Alexa 488 (Molecular Probes, cat.# 21202, 1:500), donkey 

anti-goat Alexa 594 (Molecular Probes, cat.# A11058, 1:500), donkey anti-rabbit Alexa 488 or 

594 (Molecular probes, 1:500).  F-Actin was detected with the toxin phalloidin which is FITC 

conjugated (Sigma, P5282, 1:50).  Nuclei were detected with DAPI, 4´,6-diamidino-2-

phenylindole, dilactate (Sigma, cat.# D8417).  Antibodies were fluorescently conjugated using 

either the Zenon mouse IgG labeling kit (Molecular probes, cat.# Z25002), or the Zenon rabbit 

IgG labeling kit (Molecular probes, cat.# Z25302). 

 Sorted cells were cultured in suspension for 48 hours and then transferred in a tissue 

culture dish for another 48 hours.  At that point the cells were fixed with 4% paraformaldehyde 

(1 hour, 25oC) and permeabilized with Triton X-100.  The same reagents as above were used for 

staining.  

 Images were taken using a Nikon Eclipse E800 upright microscope or a Nikon Eclipse 

TE200 inverted microscope.  The digital cameras used were a Photometrics Coolsnap HQ or a 

Micromax RTE/CCD-1300-Y/HS. The software used was Metamorph 6.2r2 and Adobe 

Photoshop 7.0. 

Semiquantitative RT-PCR:  RNA was isolated from FACS sorted cells (GFP+ and GFP- 

cell populations) between days 5 and 8 of differentiation.  1mg of RNA was reverse transcribed 

using Superscript III first strand, and the PCR products were amplified using Taq DNA 

polymerase.  A low cycle PCR amplification was used in order to ensure that the signal intensity 

would stay in the linear range.  A Biorad Chemi-Doc XRS was used to visualize the bands on the 

agarose gels.  The intensity level of each band was measured and normalized to that of Gapdh.  

Each PCR reaction was repeated four times in order to ensure a significant result.  Genes 

examined were identified to be uniquely upregulated or downregulated in CPC population during 



all four time points of differentiation that were analyzed:  Nkx2-5 (NM_008700), Myocd 

(NM_145136), Sox18 (NM_009236), Myl4 (NM_001858), Myl7 (NM_022879), Tnnc1 

(NM_009393), Tnnt2 (NM_011619), Cd34 (NM_133654), Tfpi (NM_011576), Kdr 

(NM_010612), Tek (NM_013690), Esam (NM_027102), T (NM_009309), Pou5f1 

(NM_013633), Sox17 (NM_011441). 



Supplementary figure and movie legends: 

 

Supplementary figure 1: Culture and differentiation of mouse embryonic stem cells.  

(A) Mouse embryonic stem cells are cultured and maintained undifferentiated on a layer of 

mitotically inactivated primary mouse embryonic fibroblasts in the presence of leukemia 

inhibitory factor. 

(B) Colonies of mESCs on a layer of mouse primary embryonic fibroblasts. Bar 500mm. 

(C) Colonies of mESCs after undergoing a feeder layer subtraction step and cultured on gelatin 

treated plastic.  

(D-J) Differentiation of mESCs through embryoid body formation. (Days 1, 2, 3, 4, 5, 6, 8 

respectively). 

 

Supplementary figure 2: Cardiac differentiation of mESCs. 

Embryoid bodies isolated and stained on differentiation day 21 for cardiac markers Nkx2-5 (A-

B), Actn1 (C-D), and Tnni3 (E-F).  Scale bar represents 50� m. 

 

Supplementary figure 3: CPC culture of cardiac fibroblasts. 

Differentiation day 6 FAC sorted mESC-derived GFP+ CPCs were plated on mitotically 

inactivated primary neonatal cardiac fibroblasts isolated from rat neonates.  Cells were plated 

either in serum free conditions (DMEM/F12, N2, B27) or in 10% fetal bovine serum (DMEM) 

for 2 weeks.  Scale bar represents 100� m. 

Supplementary figure 4: Microarray expression analysis of cardiac progenitor cells. 



The molecular expression profile of mESC-derived CPCs was examined using microarray 

expression analysis.  EBs were dissociated and FAC sorted between days 5 and 8 of 

differentiation.  RNA was extracted from CPCs (GFP+ cells) and GFP- cells.  Biotinylated cRNA 

was hybridized on the Affymetrix murine 430 2.0 array following the two-cycle target labeling 

sample preparation procedure.  Genes with expression levels that are uniquely upregulated or 

down-regulated 1.5 times in the CPC population when compared to the rest of the cells present in 

the differentiating embryoid bodies between days 5 and 8 of differentiation. 

 

Supplementary figure 5: Semi-quantitative RT-PCR analysis. 

The relative expression levels of genes that were identified to be upregulated or down-regulated 

uniquely in the CPC population using microarray analysis were further analyzed using semi 

quantitative RT-PCR analysis. Expression values for each gene were normalized to that of 

Gapdh.  Student’s t-test was used to calculate whether there was a significant difference between 

the expression levels of a particular gene in the CPC population and the rest of the cells in the 

embryoid bodies at the designated time points; **, p≤0.01.  

 



Supplementary figure 6: in situ hybridization 

Whole mount in situ hybridization analysis for genes identified by microarray expression 

analysis to be upregulated in the mESC-derived CPCs.  Hybridization was done on mouse 

embryos isolated on embryonic days 7.5, 8.5, and 9.5.  Genes analyzed are: BC054438, Dpp4, 

and 3110004L20Rik.  Black arrowheads indicate the cardiac crescent; H, heart; OFT, outflow 

tract; UA, umbilical artery.  

 

Supplementary movie 1.  Spontaneously contracting cardiac areas in a culture of 

differentiating mESCs. 

MESCs were differentiated using the hanging droplet technique.  The resulting EBs were plated 

on day 6 of differentiation.  The contracting cardiac area shown in this movie was recorded on 

day 10 of differentiation. 

 

Supplementary movie 2. Spontaneously contracting cardiac areas in a culture of 

differentiating mESCs express GFP under the control of the Nkx2-5 enhancer. 

 

Supplementary movie 3. Spontaneously contracting cardiac areas in a culture of 

differentiating mESCs express GFP under the control of the Nkx2-5 enhancer. 

 

Supplementary movie 4. FAC sorted GFP+ cells continue to express the transgene while 

spontaneously contracting.  



 





 



 





 


