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Figure S1. Deletion of Med23 enhances neural differentiation  

(A) Scheme of Med23 -/- ES cell generation. 

(B) Frequently neural rosettes (indicated by white dotted circle) appear in the 

spontaneous differentiation culture of the Med23 KO EBs  at day 9. Scale bar=50 µm.  

(C) Rosette number from (A); for both of KO and WT, n>=10; “n” indicates random 

field imaging.  

(D) Immunostaining for BLBP (marker of mature neural precursors) in WT and KO 

cells at day 7 of monolayer culture. Scale bars=50 µm. 
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Figure S2. Med23 deficiency facilitates neural differentiation in SFEB culture  

(A) ESCs were cultured in serum-free suspension conditions with KSR (SFEB). 

Expression levels of marker genes for ESC self-renewal and neural precursor cells were 

measured by quantitative real-time PCR. Gapdh mRNA expression was used for 

normalization.

(B) Immunostaining for Oct4 and SOX2 in WT and KO cells at day 6 of SFEB culture. 

Scale bars=50 µm. 

(C) Percentage of cell types from (B), Oct4+/SOX2+, Oct4+/SOX2- and Oct4-/SOX2+; for 

WT, n=7 sections from 7 different EBs; for KO, n=6 sections from 6 different EBs; “n” 

indicates sample number.
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Figure S3. Knockdown of Med23, but not Med1, promotes neural differentiation in 

R1 ESCs 

(A) Immunoblot of Med23 K/D and Med1 K/D R1 ES cells. 

(B) Med1 expression levels in Med23 K/D and Med1 K/D R1 ESCs. 

(C) Med1 mRNA levels in in Med23 K/D and Med1 K/D R1 ESCs by Real-time PCR  

(D) R1 ESCs were cultured under monolayer differentiation condition with N2B27 

medium. Marker genes expression of ES self-renewal and neural precursor were 

measured by real-time PCR at indicated time points. Gapdh mRNA was used as internal 

control.
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Figure S4. Knockdown of Med15 impairs endoderm differentiation 

(A) Characterization of Med15 K/D ESCs by RT-PCR, alkaline phosphatase activity test 

and immunochemistry. 

(B) Immunoblot of Med15 K/D ES cells. 

(C) Endoderm gene expression of Med15 K/D ESCs during spontaneous  differentiation. 

(D) Immunostaining of Nestin, MAP2 and BLBP in control group and Med15 K/D cells by 

monolayer culture. 
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Figure S5. Characterization of med23 MO embryos. 

(A) Expression of med23  in zebrafish embryos. 

(B) Phenotypes of med23 MO embryos at 48 hpf. 

(C) qRT-PCR to measure the mRNA levels of huC and egr2b at 6 hpf and 9 hpf.  

(D) In situ hybridization of huC mRNA levels in control MO zebrafish and med23 

morphant at 12 hpf. 

(E) Survival rates of med23 MO embryos. 
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Figure S6. Characterization of signaling pathways during neural differentiation  

(A) Western blots to analyze the protein levels of MED23, ERK1/2, GSK3 and β-

Catenin in wild type and Med23 KO cells.  

(B) qRT-PCR to measure the mRNA levels of Axin2 and Sox3 in wild type and Med23 

KO cells.  
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Table S1. Primers used in real-time PCR, RNAi, ChIP and cloning assays 

Primer sequences used for real-time PCR analysis: 
Oct4-F 5’- GATCACTCACATCGCCAATCA -3’
Oct4-R 5’- CTGTAGCCTCATACTCTTCTCGTT -3’
Nanog-F 5’- CAGCCCTGATTCTTCTACCA -3’
Nanog-R 5’- GACCTTGTTCTCCTCCTCCT -3’
Sox2-F 5’- CACAACTCGGAGATCAGCAA -3’ 
Sox2-R 5’- CTCCGGGAAGCGTGTACTTA -3’
Sox1-F 5’- GCCGAGTGGAAGGTCATGTC -3’ 
Sox1-R 5’- TGTAATCCGGGTGTTCCTTCAT -3’

Blbp-F 5’- GGGTAAGACCCGAGTTCCTC -3’
Blbp-R 5’- ATCACCACTTTGCCACCTTC -3’
Nestin-F 5’- CTGCTCTGCCTCTAGCACAC -3’
Nestin-R 5’- TTAAGGGTAGCACATGTCTG -3’
Pou3f3-F 5’- CACCAGCATTGACAAGATCG -3’
Pou3f3-R 5’- CGTCATGCGTTTTTCCTTTT -3’
Cp-F 5’- GCCTTGGCAAGAGATAAGCA -3’
Cp-R 5’- CAGGGCCTAAAAACCCTAGC -3’
Fgfr2-F 5’- CACCAACTGCACCAATGAAC -3’ 
Fgfr2-R 5’- GGCTGGGTGAGATCCAAGTA -3’

Fgfr3-F 5’- CATCCGGCAGACATACACAC -3’
Fgfr3-R 5’- TTCACTTCCACGTGCTTCAG -3’
Tubb3-F 5’- GCGCCTTTGGACACCTATTCA -3’
Tubb3-R 5’- TTCCGCACGACATCTAGGACTG -3’
Sma-F 5’- CTGCTCTGCCTCTAGCACAC-3’
Sma-R 5’- TTAAGGGTAGCACATGTCTG -3’
Gsc-F 5’- GCAAGGACTTGCACAGACAG-3’
Gsc-R 5’- CAGCTAGCTCCTCGTTGCTT -3’ 
Flk1-F 5’- CAGCTTCCAAGTGGCTAAGG -3’
Flk1-R 5’- CAGAGCAACACACCGAAAGA -3’

Foxa2-F 5’- GGCCCAGTCACGAACAAAGC -3’
Foxa2-R 5’- CCCAAAGTCTCCACTCAGCCTC -3’ 
Afp-F 5’- TGCTGCAAATTACCCATGAT -3’
Afp-R 5’- AAGGTTGGGGTGAGTTCTTG-3’
Sox17-F 5’- AAGAAACCCTAAACACAAACAGCG -3’
Sox17-R 5’- TTTGTGGGAAGTGGGATCAAGAC-3’
Axin2-F 5’-GCAGGAGCCTCACCCTTC-3’
Axin2-R 5’-TGCCAGTTTCTTTGGCTCTT-3’
Sox3-F 5’-CGCTGGCTTCTGACCACT-3’
Sox3-R 5’-GCAAACACCACAGCGATTC-3’

Med1-F 5’-CCTTCTTTCTCCGCAGTCAC-3’
Med1-R 5’-GGAAGAGCAGCGTAAAATCG-3’
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FL-A -F 5’- AACTCGAGTTTGAGAGCTACCTGAAGCTC-3’ 
FL-A -R 5’- AAAAGCTTTAATCGCCTCCCCTTCTGGGGAT -3’ 
FL-B -F 5’- AACTCGAGTGTAATTTTGGCTGTGTTAGA -3’ 
FL-B -R 5’- AAAAGCTTGCTCACCTGGGGACCACGTG-3’ 
FL-AB -F 5’- AACTCGAGTTTGAGAGCTACCTGAAGCTC -3’ 
FL-AB -R 5’- AAAAGCTTGCTCACCTGGGGACCACGTG-3’ 
Sequence of oligonucleotides 
si-Med23-1 5’- TGAAGCCCAGGTTTGTTAT -3’
si-Med23-2 5’- GAGATAAGTAAGTTACATG -3’
si-Med1 5’- AGTAACATCTTTGCCAGCA -3’
si-Med15 5’- GATCAACAAGATCGACAAG -3’ 

si-Ctrl 5’- GTGCGCTGCTGGTGCCAAC -3’
Primer sequences for ChIP assay 
Bmp4 (A)-F 5’- CCAAGAACCGGAAATTGCTA -3’ 
Bmp4 (A)-R 5’- TACAAACGAGGATGGGGAAG -3’ 
Bmp4 (B)-F 5’- CTGCTCACAGCCTGTTTCAA -3’ 
Bmp4 (B)-R 5’- TGGGCTTCCCTGAGTTTAGA -3’ 
Bmp4 (C)-F 5’- CGATTAAGGGAGGAGGGAAG -3’ 
Bmp4 (C)-R 5’- TCTTAGGCTGGGGTCTCTCA -3’ 
Sequence of Morpholinos 
med23 MO-1 5’ CATCCTCAGGGCTGTCCATGAACAT 3’ 

med23 MO-2 5’ AAACGCCTCCTCGATCACCTCCGTT 3’ 
Control MO 5’ CCTCTTACCTCAGTTACAATTTATA 3’ 
Primer sequences for the PCR-cloned WISH probes 
HuC-F 5’- AAGGATCCATGGTTACTATAATTAGCAC -3’
HuC-R 5’- AAAAGCTTTCAAGCCTTGTGCTGCTTGC -3’
Egr2b-F  5’- AAGAATTCATGACAGCTAAAACTTTGGAG -3’ 
Egr2b-R 5’- AAAAGCTTTCACTGGTTTGAACTGGACG -3’
Primer sequences for the PCR-cloned cDNA 
Bmp4-F for zebrafish 5’- AAAAGCTTATGATTCCTGGTAATCGAATG -3’ 
Bmp4-R for zebrafish 5’- AAGAATTCTTAGCGGCAGCCACACCCCTC -3’ 

*F: forward primer, R: reverse primer
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