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Figure S1. miR-200 family expression pattern, representative CLE AR-CLIP reads, and target enrichment. (A) Proportion of miR-200 family reads from 
each family member in miRNA-seq from Fig. 1 A. (B) In situ hybridization with a probe against miR-200b at E17.5. Bar, 50 µm. (C) Sequences of individual 
reads recovered from regions of the Qk 3′ UTR. miRNA sequence is shown in red, and seed sequence shown in blue. (D) GO-terms enriched within miR-200 
targets identified with CLE AR-CLIP. Analysis was performed with the Molecular Signatures Database (MSigDb; Broad Institute). FDR, false discovery rate.
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Figure S2. Effect of miR-200 family expression on body size and hair follicles and validation of HG sorting. (A) Control and Tg littermates at P4.5.  
(B) H&E staining on back skin from control and Tg animals at P0.5. Bars, 100 µm. (C) Percentage of hair follicles (HFs) at each stage of development in control 
and Tg animals at P0.5. n = 3. Error bars represent SD. (D) Sorting strategy used to isolate HG and IFE populations. (E) GSEA comparing HG population with 
a previously published E14.5 HG microarray signature (Rhee et al., 2006). FDR, false discovery rate; NES, normalized enrichment score. (F) Venn diagram 
comparing transcriptomes from cultured keratinocytes, HGs, and IFE.
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Figure S3. miR-200s regulate proliferation, migration, FA, and cell junction formation. (A) Percentage of wells covered by colonies formed by WT ke-
ratinocytes untreated (Unt) or treated with doxycycline (Dox). n = 3. (B) Number of cells migrated after 8 h in a scratch assay performed on WT keratinocytes 
untreated or treated with doxycycline. n = 3. (C) Extended list of miR-200 family targets identified with CLE AR-CLIP and RNA-seq involved in FA. (D) Ex-
tended list of miR-200 family targets identified with CLE AR-CLIP and RNA-seq involved in actin cytoskeleton. (E) Immunofluorescence of vinculin (red) and 
Phalloidin stain for actin (green) on WT keratinocytes untreated or treated with doxycycline. (F) Number of FAs per cell in E. n = 20 untreated and n = 20 
doxycycline-treated cells. (G) Immunofluorescence of E-cadherin (red) and phalloidin staining for actin (green) on WT keratinocytes untreated or treated with 
doxycycline. Cells were treated with calcium for 3 or 7 h. RGB line scans were performed on 90 pixels across the length of each cell junction. Representative 
image from n > 20 junctions imaged for each condition. (H) Immunofluorescence of E-cadherin (red) and phalloidin staining for actin (green) on inducible 
keratinocytes untreated or treated with doxycycline and induced with calcium for 3 or 7 h. Representative images from n > 20 cell junctions imaged for each 
treatment. Full-sized images of selections are shown in Fig. 4 I. Bars, 20 µm. (I) Quantitative RT-PCR on WT keratinocytes infected with shRNAs. n = 3.  
**, P < 0.01; ***, P < 0.001; error bars show SD.
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Figure S4. Generation of a mouse model lacking miR-200s and the effect of the loss on body size and hair follicles. (A) Immunofluorescence of Yap1 
on inducible keratinocytes untreated or treated with doxycycline (Dox). (B) Fluorescence intensity of nucleus compared with cytoplasm from cells in A.  
n = 3. (C) Extended list of miR-200 family targets identified with CLE AR-CLIP and RNA-seq involved in tight junctions and AJs. (D) Sequencing result from one 
of the miR-200b cluster KO founder mice generated through CRI SPR. Top arrows indicate expected cut sites, and the bottom arrow shows the repaired se-
quence. DSB, double-strand break. (E) Genotyping band showing null allele in a miR-200b KO mouse. (F) Control and miR-200 dKO littermates at P0.5. (G) 
Control and miR-200 dKO littermates at P4.5. (H) Immunofluorescence for loricrin (red) and keratin-5 (green) in back skin of control and dKO animals at P0.5. 
Representative images from n = 3 pairs of animals. (I) H&E staining on back skin from control and dKO animals at P0.5. Bars: (A) 50 µm; (H and I) 100 µm.  
(J) Percentage of hair follicles (HFs) at each stage of development in control and Tg animals at P0.5. n = 3. (K) Number of hair follicles per section in control 
and dKO back skin at P0.5. n = 3. (L) Percentage of EdU+ cells in HGs of control and dKO animals at P0.5. n = 4. Error bars represent SD. 
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Figure S5. Loss of miR-200s affects cell junction formation and cell orientation, and miR-200s do not directly regulate Sox9. (A) Immunofluores-
cence of E-cadherin (red) and phalloidin staining for actin (green) on control and dKO keratinocytes induced with calcium for 3 or 7 h. Representative images 
from n > 20 cell junctions imaged for each treatment. Full-sized images of selections are shown in Fig. 8 N. Bars, 20 µm. (B) Quantitative RT-PCR on dKO 
keratinocytes infected with shRNAs. n = 3. (C) Angle of HG cells relative to the basement membrane from control and dKO animals at P0.5. n = 4 pairs of 
animals, n = 16 control cells, and n = 30 dKO cells. (D) Percentage of HGs from control and dKO animals at P0.5 with typical or disrupted cell polarity as im-
aged with pericentrin in Fig. 10 E. n = 4. (E) A CLE AR-CLIP read for miR-141 ligated to the 3′ UTR of Sox9. (F) Relative luciferase activity of Sox9 3′ UTR with 
the addition of the miR-200b cluster, the miR-200c cluster, or both. n = 6. *, P < 0.05; **, P < 0.01; ***, P < 0.001; error bars represent SD.
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Table S1. Primers used in this study

Oligonucleotide Sequence (5′–3′)

CRI SPR; L gRNA for miR-200b cluster GTG CCA GCC TCC TGC GAC CG

CRI SPR; R gRNA for miR-200b cluster ATC GTG CGC TCT ATA ATA GG

cloning; 200b luciferase reporter; forward CTA GAT CAT CAT TAC CAG GCA GTA TTA GAT CTC ATC ATT ACC AGG CAG TAT TAC

cloning; 200b luciferase reporter; reverse TCG AGT AAT ACT GCC TGG TAA TGA TGA GAT CTA ATA CTG CCT GGT AAT GAT GAT

cloning; 141 luciferase reporter; forward CTA GAC CAT CTT TAC CAG ACA GTG TTA GAT CCC ATC TTT ACC AGA CAG TGT TAC

cloning; 141 luciferase reporter; reverse TCG AGT AAC ACT GTC TGG TAA AGA TGG GAT CTA ACA CTG TCT GGT AAA GAT GGT

cloning; 200c luciferase reporter; forward CTA GAT CCA TCA TTA CCC GGC AGT ATT AGA TCT CCA TCA TTA CCC GGC AGT ATT AC

cloning; 200c luciferase reporter; reverse TCG AGT AAT ACT GCC GGG TAA TGA TGG AGA TCT AAT ACT GCC GGG TAA TGA TGG AT

cloning; miR-200b cluster; forward GTT GAC CTC TCC ACT ACC TA

cloning; miR-200b cluster; reverse ACC AGT GTT GAT AGC ACA GG

cloning; cyclin G2 3′ UTR; forward CAC AGA CTG GAA TAC CTA CCT TC

cloning; cyclin G2 3′ UTR; reverse GCA CTG ACC AAT TAT CAC ACA

cloning; Ptpn14 3′ UTR; forward GTC CCT CAG TAC CAG AAG AAA TG

cloning; Ptpn14 3′ UTR; reverse GAG GGA ACA GTG CAA AGG AATA

cloning; Ywhab 3′ UTR; reverse GCT CAG ACT GGT CCC TTA ATAC

cloning; Ywhab 3′ UTR; reverse CCA CCA CAG AAG CAA ACA TTAG

cloning; Snai2 3′ UTR; forward TGG CGC AAC CAG TGT TTA

cloning; Snai2 3′ UTR; reverse GTG GCT ATT AAC CGT ACC TCAC

cloning; Cfl2 3′ UTR; forward CCC GTT CGT GAA TGA GTG AATA

cloning; Cfl2 3′ UTR; reverse TGT GAG GGT AGG GAG TTT GA

cloning; Ccnd2 3′ UTR; forward CGT TTG GTT CCG TTT GGT TC

cloning; Ccnd2 3′ UTR; reverse GTC TTA GCC TGT TGC TCC TAT AA

cloning; Lats1 3′ UTR; reverse TAT GAA CTG AGT ATT ATA GTC AAT

cloning; Lats1 3′ UTR; reverse TGA ACA AAA TAC TAA AAT TGC AGA

cloning; Lats2 3′ UTR; reverse TGC ATT AAA ACA GTA TTT TTA AAA

cloning; Lats2 3′ UTR; reverse TAG CGA GAA TAC TGT AAG TCA CAA

cloning; Fat1 3′ UTR; reverse CCA TTT CCA GCG TCC TAA CT

cloning; Fat1 3′ UTR; reverse CCT TTA CAA GAC CAT TGC ATC AC

cloning; Fat2 3′ UTR; reverse GGG TGA GAA CTA GGA GGG TAAT

cloning; Fat2 3′ UTR; reverse CCA AAG CCA CTT GTG CAA TC

genotyping; pTRE2-200bcl; forward ATG CTG CCC AGT AAG ATG GC

genotyping; pTRE2-200bcl; reverse CCT ACA GCT CCT GGG CAA CGTG

genotyping; K14 forward primer for K14rtTA and K14cre TGG GCG GGT GCC GAG AT

genotyping; K14rtTA; reverse TGC TGT TTC ACT GGT TAT GCGG

genotyping; cre; reverse TTG CCC CTG TTT CAC TAT CCAG

genotyping; miR-200c cluster floxed allele; forward CAA CAG CCT CTG ACC TTT AACC

genotyping; miR-200c cluster floxed allele; reverse CCT TCT GGG CAG ACA AGA ATAC

genotyping; miR-200bcl CRI SPR KO, left side; forward; forward 
for KO band

GCT GAG CAT CCG GAA AAG TA

genotyping; miR-200bcl CRI SPR KO, left side; reverse CAG GCT ACC TCT TAG TGG CTGT

genotyping; miR-200bcl CRI SPR KO, right side; forward ATG GGG AGT TTG AGT GTT GC

genotyping; miR-200bcl CRI SPR KO, right side; reverse; reverse 
for KO band

TGC AAG GCT GCT TGT TAA TG

qPCR; Cyr61; forward CCC CCG GCT GGT GAA AGT

qPCR; Cyr61; reverse GCG GTT CGG TGC CAA AGA
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Oligonucleotide Sequence (5′–3′)

qPCR; Ctgf; forward GGG CCT CTT CTG CGA TTTC

qPCR; Ctgf; reverse ATC CAG GCA AGT GCA TTG GTA

qPCR; Lats2; forward GGA CCC CAG GAA TGA GCAG

qPCR; Lats2; reverse CCC TCG TAG TTT GCA CCA CC

qPCR; Cfl2; forward GCA TCT GGA GTT ACA GTG AAT GA

qPCR; Cfl2; reverse CAC CAA TGT CAC CCA CCA AGA

qPCR; Cyclin E2; forward ATG TAA GAC GCA GCC GTT TA

qPCR; Cyclin E2; reverse GCT GAT TCC TCC AGA CAG TACA

qPCR; Celsr1; forward TCG CTG ACT TCG GTG CTTG

qPCR; Celsr1; reverse TTA CCA GCT CTA CCC AAA CGG

qPCR; Met; forward GTG AAC ATG AAG TAT CAG CTC CC

qPCR; Met; reverse TGT AGT TTG TGG CTC CGA GAT

qPCR; Egfr; forward GCC ATC TGG GCC AAA GAT ACC

qPCR; Egfr; reverse GTC TTC GCA TGA ATA GGC CAAT

qPCR; Ptk2/Fak; forward TTA GGC GAT CCT ATT GGG AGA TG

qPCR; Ptk2/Fak; reverse TTC TTA GTG TTT TGG CCT TGA CA

qPCR; Rock2; forward TTG GTT CGT CAT AAG GCA TCAC

qPCR; Rock2; reverse TGT TGG CAA AGG CCA TAA TAT CT

CLE AR-CLIP; 3′ linker NNT GGA ATT CTC GGG TGC CAA GG

CLE AR-CLIP; 5′ Linker GUU CAG AGU UCU ACA GUC CGA CGA UCN NNN

CLE AR-CLIP; RT primer GCC TGG CAC CCG AGA ATT CCA

CLE AR-CLIP; library first round F primer GTT CTA CAG TCC GAC GAT
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