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Figure S1.  ZO1 is localized between tracheal BCs early during regeneration after loss of luminal cells. Tracheas from uninjured Tjp1tm1lch mice and mice 
24 h after exposure to SO2 were fixed and examined by confocal microscopy without further manipulation. Image is a single optical section near the apical 
surface. At 24 hpi, many of the squamous epithelial cells express Trp63, a marker of BCs. Bars, 20 µm.

Figure S2.  Isolation of tracheal BCs. Schematic for timing and dose of Tmx treatment, isolating tracheal epithelium, and FACS sorting lineage-labeled 
NGFR+ BCs. Right panel is isotype control for anti-Ngfr.

http://www.jcb.org/cgi/content/full/jcb.201506014/DC1
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Figure S3.  Mutation of potential Grhl2 target genes in HBE cells using CRI​SPR/Cas9. Cells were transfected with the lentiCRI​SPR virus–specific target for 
different genes and selected in puromycin, and genomic DNA was extracted and analyzed as described in Materials and methods (section CRI​SPR/Cas9 
genome editing). The sgRNA region was PCR amplified (for primers, see Table S3) and cloned into a sequencing vector. The red highlights are mismatched, 
missing, or inserted nucleotides. The asterisks indicate every 10 nucleotides of the genomic sequence.
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Figure S4.  Functional screening of potential Grhl2 target genes in HBE cells. (A) Location of Grhl2-binding sites by ChIP-Seq in SMAG and ZNF750 
genes in primary HBE cells from three donors (Gao et al., 2013; database located at http​://genome​.ucsc​.edu​/cgi​-bin​/hgTracks​?db​=hg19​&position​
=chr7%3A73236989​-73255218​&hgsid​=442126887​_T1bUzLD4IUdWAvl34kwvYM0T85zA). The sgRNAs for ZNF750 are located in exon 2. This is 
also in the intron of the TBCD gene on the opposite strand. Control qRT-PCR experiments showed no change in the expression of this gene in sgGRLH2 
mutant cells. (B) Representative DIC microscopy images of spheres formed in Matrigel after 21 d from BCs transfected with lentiCRI​SP-sgRNA virus. 
(C and D) The quantification of CFE (C) and the diameters of control and mutant spheres (D) is described in Materials and methods (section HBE cell 
culture). Spheres were analyzed in triplicate wells from two to three different donors. *, P < 0.05. Bar, 2 mm. Horizontal bars represent mean. Data are 
reported as mean ± SEM.

http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr7%3A73236989-73255218&hgsid=442126887_T1bUzLD4IUdWAvl34kwvYM0T85zA
http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr7%3A73236989-73255218&hgsid=442126887_T1bUzLD4IUdWAvl34kwvYM0T85zA
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Figure S5.  Evidence that CRI​SPR/Cas9-induced mutations reduce gene expression levels in HBE cells. (A) qRT-PCR analysis of GRHL2, ZNF750, and SMA​
GP RNA in control and mutant cells cultured in ALI for 21 d. Data are averaged from triplicate wells. Data are SEM of triplicates from triplicate samples. 
*, P < 0.05. (B, top) Western blot of extracts of HBE cells from three different donors infected with lentiCRI​SPR-control and GRHL2 sgRNA virus. HBE cells 
infected with a Dox-inducible GRHL2 shRNA virus were used as a positive control. ACTB is β-actin loading control. (Bottom) The quantification of Western 
blot (band marked by an arrow). Values are from duplicate blots. *, P < 0.05. On average, Grhl2 protein was reduced 75%. Data are SEM of duplicate 
experiments. (C) Whole-mount IHC of control and SMA​GP mutant cultures at ALI culture 21 d for SMA​GP and DAPI. (D) Whole-mount IHC of control and 
ZNF750 mutant cultures at ALI culture 21 d for ZNF750 and DAPI. Bars, 50 µm. 
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Table S1.  The sequences of sgRNA in lentiCRI​SPR vectors

Gene names sgRNA sequences (5’ to 3’)

Random control ACG​GAGGC​TAAGC​GTCGC​AA

GRHL2 ATC​AAACA​TGTCA​CAAGA​GT

GRHL2 sgRNA2 TCC​AGGTT​CCTCG​AGACA​AG

SMA​GP CCC​AATTT​TACAG​CCCAC​TG

SMA​GP sgRNA2 GCC​AGCAC​AGCAC​TCATT​GC

ZNF750 TCT​AACCT​GCCGA​TTCCT​TA

ZNF750 sgRNA2 GAA​CTCGA​CGTGT​TTTCT​GT

ANK​RD22 AGC​TATGC​CAACG​TTCAA​GA

MPZL2 GGT​TTAAG​GACCG​GGTGT​CT

SCR​IB CTG​CTGAA​CTTGC​GCAAG​CT

WDR5B GCC​ATCCA​ACCTT​ATAAT​CT

VGLL1 GAC​GAGTA​ACGCC​ACTGA​TT

PVRL4 TCC​ACGCG​GCCCT​CGTAA​GC

RHB​DL2 CCG​TGTGG​GGCTG​GTGTA​CC

Table S2.  Primers used for qRT-PCR

Genes Forward primer sequence (5’ to 3’) Reverse primer sequence (5’ to 3’)

GAP​DH AGG​TCGGT​GTGAA​CGGAT​TTG TGT​AGACC​ATGTA​GTTGA​GGTCA

Grhl1 GCT​GAGAC​ACTGG​AAGTA​CTG CGT​GAAGG​AAATG​GCGTT​ATAAG

Grhl2 AAG​GAGAG​CTTCA​ACACC​ATC TGT​ACTCA​GGCAA​TTCAC​GG

Grhl3 CTC​TGCTC​TTCCC​TGATA​TTCTG TGA​CTCCC​CTGCT​TTGATG

Trp63 CCC​ACAGA​CTGCA​GCATTG GAG​ATGAG​GAGGT​GAGGA​GAAG

Foxj1 CAT​CTACA​AGTGG​ATCAC​GGAC GAG​CAGGC​GCTCT​GCGTA​CTG

Scgb3a2 CCA​AAGTC​CCGGA​AAACA​TC AGG​GCAGT​GGCAG​AATAA​CC

Mcidas CCA​GCTCT​CACAA​CCATA​GAC GCA​TCTCT​GAAAT​TCTGC​AGG

Rfx2 TCT​CTGTG​TAAAT​GTGAG​CCG TCT​TGGCG​AAGTT​CCTGA​TG

Myb CAA​GGGAA​GAGGA​TGAGA​AGC ATG​AGTTC​AGGGT​TCAGC​AC

Ccnd1 GCC​CTCCG​TATCT​TACTT​CAAG GCG​GTCCA​GGTAG​TTCATG

Notch1 TCA​GGGTG​TCTTC​CAGAT​CC CAG​CATCC​ACATT​GTTCA​CC

Notch2 ATG​TGGAC​GAGTG​TCTGT​TGC GGA​AGCAT​AGGCA​CAGTC​ATC

Notch3 TGC​CAGGG​AATTT​CAGGTG AGG​CAAGA​ACAGG​AAAAG​GAG

Dll1 CAG​GACCT​TCTTT​CGCGT​ATG AAG​GGGAA​TCGGA​TGGGG​TT

Dll3 CTG​GTGTC​TTCGA​GCTAC​AAAT TGC​TCCGT​ATAGA​CCGGG​AC

Dll4 TTC​CAGGC​AACCT​TCTCC​GA ACT​GCCGC​TATTC​TTGTC​CC

Jag1 CCT​CGGGT​CAGTT​TGAGC​TG CCT​TGAGG​CACAC​TTTGA​AGTA

Jag2 CAA​TGACA​CCACT​CCAGA​TGAG GGC​CAAAG​AAGTC​GTTGCG

Hay1 TAC​CCAGT​GCCTT​TGAGA​AG TCC​GATAG​TCCAT​AGCCA​GG

Hay2 AGC​GAGAA​CAATT​ACCCT​GG TTT​ATTCG​ATCCC​GACGCC

HayL CGC​AGAGG​GATCA​TAGAG​AAAC CAA​GACCT​CAGCT​TTCTC​CAG

Hes1 GGC​GAAGG​GCAAG​AATAA​ATG GTG​CTTCA​CAGTC​ATTTC​CAG

Homo TBCD GAT​CAGAC​ATCTC​CAGCT​TCC ATC​TAAAA​CAGGC​TCTAC​ATCGG

Homo GRHL2 ATC​AAACA​TGTCA​CAAGA​GTCGG CAA​GTATG​ACTTC​CAGGC​TTC

Homo ZNF750 TCT​AACCT​GCCGA​TTCCT​TACGG TGG​ATAGA​CCAGG​GTGGC​TTCT

Homo SMA​GP CCC​AATTT​TACAG​CCCAC​TG TGC​CTTTG​TTCTT​GTACA​GGT

Homo FoxJ1 ACG​GACAA​CTTCT​GCTAC​TTC TTG​TTCAG​AGACA​GGTTG​TGG

Homo Rfx2 CCA​GTTCC​ACTAC​ATCGA​GAAG CTG​ACACA​GGGAG​ATAAG​CTTG
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Table S3.  Primers used for amplifying the mutation regions of genomic DNA

Genes Forward primer sequence (5’ to 3’) Reverse primer sequence (5’ to 3’)

GRHL2 sgRNA CCG​GGATA​TCGTC​GACAT​CCCAC​CTTTC​CGGCT​AGGTG TAC​TCTAG​AGCGG​CCGCT​TCTCC​CCTTA​ATCAG​GGTAGA

GRHL2 sgRNA2 CCG​GGATA​TCGTC​GACAT​GAGAG​GTGCT​CGGGT​CCA TAC​TCTAG​AGCGG​CCGCC​TTCTT​GACCC​CATCT​CCTC

SMA​GP sgRNA and sgRNA2 CCG​GGATA​TCGTC​GACTT​GTCTT​TGGGT​GGTGG​TTTA TAC​TCTAG​AGCGG​CCGCC​ATTTA​CTGGT​AGTGC​CTCTG

ZNF750 sgRNA CCG​GGATA​TCGTC​GACCA​CTTTT​ACACA​GAGCA​CGGG TAC​TCTAG​AGCGG​CCGCC​CAGCC​TTGGA​GGAGT​CTTTA

ZNF750 sgRNA2 CCG​GGATA​TCGTC​GACGG​AACCC​AAGAC​CCGAG​ACA TAC​TCTAG​AGCGG​CCGCG​CCTTG​TTGGA​GAGGT​CGTA

MZPL2 CCG​GGATA​TCGTC​GACGA​AAGCA​AGTGA​CAGAG​CTGC TAC​TCTAG​AGCGG​CCGCG​CCTTA​ACAAA​GATTG​CCCCT

SCI​RB CCG​GGATA​TCGTC​GACGG​CGTGT​GTACC​GTGTG​TTTC TAC​TCTAG​AGCGG​CCGCG​AACTT​GATGC​TCTCC​GGGAT

WDR5B CCG​GGATA​TCGTC​GACAT​TTGGG​GAGCA​TATGA​TGGA TAC​TCTAG​AGCGG​CCGCA​GGAGG​GTTAT​CGTCA​TCAAC

VGLL1 CCG​GGATA​TCGTC​GACCT​AGAAA​CAGTA​CACCT​ACGG TAC​TCTAG​AGCGG​CCGCG​AAGGG​ATGAG​AGTAG​CCAGG

PVRL4 CCG​GGATA​TCGTC​GACCA​GACGT​GGTAA​CTGTG​GTGC TAC​TCTAG​AGCGG​CCGCC​TACCT​CTGCC​CCATC​CATCT

RHB​DL2 CCG​GGATA​TCGTC​GACAA​AGTCT​GTTCA​TCTCC​CA TAC​TCTAG​AGCGG​CCGCG​AGCGC​CAGGC​ATACT​TGCAA

ANK​RD22 CCG​GGATA​TCGTC​GACTT​TCCCG​ACCCA​GCCCA​TCTG TAC​TCTAG​AGCGG​CCGCT​GTCCT​TGGTA​TGTGT​CAGTC
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