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(a) Significant gene ontology (GO) terms sorted by p-value using 195 genes with higher expression in GFs. Enriched GO terms for biological 
process (left) and molecular function (right) are shown. Values indicate –log10 (p-value). (b) Significant gene ontology (GO) terms sorted by 
p-value using 109 genes with lower expression in GFs. Enriched GO terms for biological process (left) and molecular function (right) are 
shown. Values indicate –log10 (p-value).
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(a) Heatmap showing p1 promoter expression levels of HOX gene clusters in various fibroblasts. Red to green color gradient of heatmap 
represents the relative gene expression levels determined by tags per million (TPM) in GFs (yellow), AAFs (purple), CFs (deep blue), 
PuAF (brown), CPFs (beige), ConjFs (green), DFs (black), LFs (red), LymFs (light blue), MFs (orange), and VMFs (grey) are shown. 
The details of fibroblasts are shown in Supplementary Table S1. (b) Heatmap of the top 150 genes with significantly differential expression 
between GFs (yellow) and other fibroblasts (purple) after sorting by FDR in GSE3551 (left, 4 GFs vs 46 other fibroblasts), GSE19090 
(middle, 6 GFs vs 33 other fibroblasts), and GSE22029 (right, 8 GFs vs 8 dermal fibroblasts) microarray datasets. Red to green color gradient 
of heatmap represents the relative gene expression levels.



Supplementary Figure S3

The ZENBU browser view of CAGE peaks that indicate LHX8 promoter and neighboring long non-coding RNA (lncRNA) transcribed on the 
reverse strand. Green and purple bars indicate forward and reverse strands, respectively. The transcript levels in different cell types are 
sorted by the expression values of reverse strand. Note that the cells which express LHX8 and lnc-LHX8 are almost exclusively gingival 
and periodontal ligament fibroblasts.



Supplementary Figure S4
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Significant GO terms sorted by p-value using 48 up-regulated genes in PAFs. Enriched GO terms for biological process are shown. 
Values indicate –log10 (p-value).
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Supplementary Figure S5
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(a) CAGE tag counts (TPM: tags per million) of p1 DLX5, p1 RUNX2, and p2 RUNX2 in 3 patient-matched PAFs and non-PAFs. (b) RT-qPCR for 
RUNX2 short form transcribed from p2 RUNX2 promoter. The expression levels were examined in 4 control GFs (GF4, GF5, GF7, and GF8), 
3 patient-matched non-PAFs (non-PAF1, non-PAF2, and non-PAF3) and PAFs (PAF1, PAF2, and PAF3), and 2 additional PAFs (PAF4 and 
PAF5). Each expression was normalized to that of GAPDH. Bars represent mean ± SD.
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Supplementary Figure S6

(a) Hierarchical clustering analysis with all DPIs of 4 PAFs, 3 non-PAFs, 6 control GFs, 6 PLFs, and 6 osteoblasts by Ward method. CAGE data 
of these cells were extracted from the FANTOM5 database. Red to yellow color gradient of heatmap represents the degree of correlation of 
the indicated cell pair. Note that all osteoblasts are grouped into the same cluster distinct from other cell types.
(b) Upper: CAGE peaks of 6 GFs, 6 osteoblasts, and 33 other fibroblasts visualized by the ZENBU browser. Genomic coordinate and transcript 
of DLX5 registered in RefSeq (NM_005221) are shown on the top. CAGE peak for p1 DLX5 is prominent in GFs and osteoblasts. Lower: CAGE 
peaks of 6 GFs, 6 osteoblasts, and 33 other fibroblasts visualized by the ZENBU browser. Genomic coordinate and 3 protein coding transcript 
variants of RUNX2 registered in RefSeq (NM_004348, NM_001024630, and NM_001015051) are shown on the top. CAGE peaks for p1 RUNX2 is 
detected in GFs and osteoblasts while it is absent in other fibroblasts.
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