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Figure S1. Optimizing timing and concentration of CHIR-boost. Related to Figure 1. (A) 
Testing the timing of “Chir-boosting” (addition of 7.5 µM CHIR99021). The “Boost” was initiated 
at day 3 (red), day 4 (purple) and day 5 (blue) following a time period of lower Chir (0.7 µM) 
through day 16. (B) Gene expression analysis for mDA neuron related OTX2, FOXA2, EN1 and 
non mDA neuron genes (PAX6, NKX6.1, NXK2.1) following differential start of Chir boost as 
detailed in (A). Genes with high expression levels have low Cq values while genes with low 
expression have high values. (C) Dose response of Chir boost on total number of mDA neuron 
precursors. All experiments were “Chir boosted” at day 4.  (D) Corresponding images analyzed 
expression of FOXA2 (purple) and TH (green) by immunocytochemistry (day 21). Scale bar = 
100 µm. (E) Comparison of mRNA expression among WA09 (undifferentiated hESCs), KSR (the 
traditional Kriks et al. protocol (Kriks et al., 2011)), Baseline (Low (0.7µM)- Chir protocol) versus 
WNT bump (Chir- Boost protocol). Genes with high expression levels have low Cq values while 
genes with low expression have high values. (F) The flow plots for PAX6, FOXA2 and EN1 
expression for negative control and Chir-boost conditions (compare to Figure 1D). Y-axis of Cq 
(B, E) showed ct values of mRNA expression. A low ct value means high level of gene 
expression and a high ct level shows low expression.  



 

 

Figure S2. Gene expression and histone methylation analysis in CHIR-boost and low CHIR 
treated cells. Related to Figure 2 (A) Time course mRNA expression analysis during mDA 
differentiation in Low- (blue line) and Boost CHIR treated (red line) cells until day 11. (B) IGV 
views of ChIP-seq data for histone modification (H3K3me3 and H3K27me3) at day 11 of 
differentiation in Low- and Boost- Chir conditions. (C) Cluster dendrogram of all RNA-seq 
samples. 



 

 

 
Figure S3. Gene expression analysis comparing Chir-boost condition versus Chir-Low 
condition with or without FGF8b treatment. Related to Figure 2. (A) mRNA expression of 
DBX1 during mDA differentiation in CHIR-Low and CHIR-boost conditions, demonstrating Low- 
CHIR treated cells have induced DBX1 expression from day 5 of differentiation, while CHIR-
BOOST treated cells show no such induction. (B) mRNA expression of mDA differentiated cells 
treated with Low-Chir +/- FGF8b treatment (D0-6; Day0-6, D4-6; Day4-6) versus Boost-Chir at 
day11 (Early exposure of FGF8b in Low Chir condition). (C) mRNA expression of mDA 
differentiated cells treated with Low- Chir +/- FGF8b treatment (D12-16; Day12-16), and Boost-
Chir at day30 (Late exposure of FGF8 in Low Chir condition). 



 

 

Figure S4. Molecular and functional analyses of mDA neurons under CHIR-boost. Related 
to Figure 3 (A) IGV views of selected mDA markers during differentiation. (B-D) Currents via 
specific channels recorded in voltage-clamp mode from hPSC-derived mDA neurons at day 60 
and 75. Because no difference was observed between day 60 and DIV 75 neurons, data from 
them were pooled and are presented together (n=24). (B) Upper: Representative traces of HCN 
channel currents elicited by hyperpolarizing voltage step from - 40 mV to -20, -50 or -90 mV). 
Lower: Voltage dependence of HCN currents. (C) Upper: Representative traces of KCNQ channel 
currents elicited by hyperpolarizing voltage steps from -10 mV to -20, -30 or -40 mV. Lower: 
Voltage dependence of KCNQ currents.  (D) Upper: Fast inward (Na+, black arrow) and slow 
outward (K+, red arrow) currents in response to voltage steps (Vh: -70 mV; 0, +10, and +30 mV). 
Lower:  Voltage dependence of Na+ (filled circles) and K+ (red circles) currents.  



 

 
Figure S5. Validation of CHIR-boost protocol across independent hPSCs (MEL1 hESC and 
J1 iPSC lines), and graft survival and characterization studies in vivo. Related to Figure 2 
and Figure 5 (A) mRNA expression analysis at day 11 of mDA neuron differentiation using Low- 



and Boost- Chir conditions in J1 and MEL1 hPSCs. (B, C) Immunocytochemistry at day 11 of 
mDA neuron differentiation using Low- and Boost- Chir conditions in J1 and MEL1 hPSCs (D) 
Immunocytochemistry of mDA neuron differentiation at day 30 in Chir-Boost condition.  (E) Short 
term in vivo survival of cryopreserved mDA neuron precursor grafts indicating robust graft survival 
expressing mDA markers TH and FOXA2 in unlesioned rat striatum. (F) Human TH+ fibers, which 
were identified with the co-labeling with hNCAM (human specific cytoplasmic marker) and TH, 
were projected from the graft. (G) Representative image to illustrate distribution of ALDH1A1+ 
and CALB1+ mDA subtypes within the graft. Scale bars = 100 µm in (B-F) and 50 µm in (G) unless 
indicated in pictures. 
  



Table S1 – Sequences of qRT-PCR primers used in this study (related to the Star Methods) 

 

Gene Forward (5’ to 3’) Reverse (5’ to 3’) 
GAPDH ATGTTCGTCATGGGTGTGAA AGGGGTGCTAAGCAGTTGGT 

EN1 CTG GGT GTA CTG CAC ACG TT GCT TGT CCT CCT TCT CGT TC 

FOXA2 CCGACTGGAGCAGCTACTATG TACGTGTTCATGCCGTTCAT 

LMX1A CAGCAGCAAGATCAGCAGAA AGGGGTTCATGATTCCTTCC 

OTX2 AGA GGA GGT GGC ACT GAA AA GCT GTT GTT GCT GTT GTT GG 

PAX6 GAAGGGCCAAATGGAGAAGA  GGTGCTGAAACTACTGCTGATA  

NXK2-1 ATG TGG TCC GGA GGC AGT TGC TTT GGA CTC ATC GAC AT 

NXK2-2 CAG CGA CAA CCC GTA CAC GAC TTG GAG CTT GAG TCC TGA 

NURR1 CGCTTCTCAGAGCTACAGTTAC  TGGTGAGGTCCATGCTAAAC  

PITX3 CCGTGTCCTGCCCTTATG  CGTGCTGTTTGGCTTTGAG  

GIRK2 GATGGGAAACTGTGCCTGAT CTCCGAGGTCTGTTTGGATTT 

ADCYAP1 CGGAAACAAATGGCTGTCAAG TAAGCTATTCGGCGTCCTTTG 

CHRNA4 GAACCAGATGATGACCACGAA GGATGGAGGTGACATTCTCATAG 

SNCA CACAGGAAGGAATTCTGGAAGATA GCTTCAGGTTCGTAGTCTTGAT 

COL1A1 CTAAAGGCGAACCTGGTGAT TCCAGGAGCACCAACATTAC 

TTR GGTGAATCCAAGTGTCCTCTG GTGTCATCAGCAGCCTTTCT 

 

   

Gene From QuantiTect (Qiagen)  

HOXA2 QT00092960  

HOXB1 QT00017080  

AXIN2 QT00037639  

DBX1 QT02394021  

BARHL1 QT00214599   

BARHL2 QT00063042   

PITX2 QT00015785  

PAX2 QT00028385  

PAX5 QT00021399  

PAX8 QT00070693   

FGF8 QT00010990  

SIX1 QT00010584  

SMA QT00088102  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


