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Supplementary Figure 1. Characteristics of FAIRE-Seq in human pancreatic islets. (a) Comparison of FAIRE-chip and 

FAIRE-seq. Receiver Operating Characteristic (ROC) curve analysis using positive regions called from ENCODE tiling DNA 

microarrays at a stringent threshold (P<1x10-12) for both samples 1 and 2, and negative regions called from contiguous regions 

of low intensity. The percentage of positive and negative regions captured at increasing sequence read density thresholds was 

then plotted. The sequence data from both samples 1 and 2 captures positive tiling array data while rejecting negative tiling 

array data at a much higher rate than random. (b) Comparison of FAIRE-seq regions across three samples. Stringent islet 

FAIRE sites (in columns) from all three samples were compared against liberal islet FAIRE sites (in rows). Overlap is reported 

as the percentage of stringent sites that are captured with liberal sites from another sample. (c) Genome-wide distribution of 

islet FAIRE sites. Genomic regions enriched for FAIRE are preferentially located upstream and through the body of known 

genes. More than 25% of FAIRE regions at most stringent enrichment threshold are located proximal to known transcription 

start sites and in first introns. (d) Intergenic open chromatin sites are enriched for functional annotations. FAIRE sites 

significantly (P<0.001) overlap sequence conservation (28-species most conserved elements), transcription factor binding sites 

(TFBS) (TFBS cons. and MotifMap), predicted regulatory modules (PreMod) and the ORegAnno database of regulatory 

elements compared to random regions. Stringent regions are the most enriched across all functional annotations. 
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Supplementary Figure 2. Distribution of islet-selective COREs relative to gene boundaries. In most 

islet-selective COREs that are associated with genes, the entire CORE is located within 2 kb of gene 

boundaries. However,  21% of islet-selective COREs that are associated with genes extend further than 2 

kb from the transcription start site, termination site, or both. Among these COREs that extend far away 

from gene boundaries, in 54% of the cases the extension is greater in the 5′ rather than in the 3′ direction 

of the gene, whereas in 46% the extension is greater towards the 3′ end of the gene. The box plots 

represent the median (line), 25-75th (shaded) and 5-95th percentile (whiskers) of the sizes of COREs 

extending in either 5′ or 3′ directions from genes. 
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Supplementary Figure 3. Long-range regulatory maps of selected loci. Islet-selective COREs are depicted as 

black horizontal stripes and labeled as COREs. Blue vertical lines are moderate stringency FAIRE sites in islets, 

red vertical lines are FAIRE sites present in any of the 5 non-islet cells. When FAIRE sites are observed in only 

one non islet-cell line, we separate non-islet cell line tracks to show the islet-cell selectivity of the CORE. For some 

loci we show zoomed images with tracks depicting evolutionary conserved sequences (PhastCons 44–way 

alignments). (a) A CORE spanning 94 kb located in the 3′ region of NKX6.1. The lower panel shows qPCR 

verifications of islet-selective FAIRE enrichment in 6/7 sites from this CORE in 8 additional human islet samples 

and 4 additional non-islet cell lines. No differences in enrichment between the two groups of samples were found at 

the TBP promoter region. FAIRE enrichment was normalized to a local negative control region located 5′ of 

NKX6.1 that lacks apparent enrichment in islet FAIRE-Seq. P values correspond to non-paired t tests, error bars are 

S.E.M. (b-d) COREs overlapping SLC30A8, RFX6, and DACH1. (e-g) COREs extending 5′ and/or 3’ of ELAVL4, 

C3orf14 and ACSL6. (h,i) COREs overlapping ISL1 and PAX6. Distant 5′ or 3’ COREs are also present and shown 

as zoomed images. (j) A CORE in a distant region 5′ of NKX2.2. (k) A 602 kb CORE overlapping ROBO2. (l) A 

CORE located at a gene desert near BCKDHB. (m) A CORE in a noncoding RNA cluster on chromosome 14. (n) A 

CORE at IAPP with a 30-kb 5′ extension. (o) Islet FAIRE-seq map of the INS locus, showing a small accumulation 

of islet FAIRE-seq reads surrounding the INS promoter. (p) Islet FAIRE-Seq map of MAFA, showing an islet-

selective site at the previously reported distant upstream evolutionary conserved MAFA enhancer sequence located 

in an intronic region of ZC3H31 (q,r,s) GCK, encoding for the β-cell low-affinity hexokinase, exhibits a CORE at 

the islet-cell promoter, whereas HK1 and HK2, encoding for high-affinity hexokinases that are inactive in β-cells to 

enable GCK function, are devoid of FAIRE sites in islets but not in other cell types2. 

 

References 
1. Raum, J.C. et al. FoxA2, Nkx2.2, and PDX-1 regulate islet beta-cell-specific mafA expression 

through conserved sequences located between base pairs -8118 and -7750 upstream from the 
transcription start site. Mol Cell Biol 26, 5735-43 (2006). 

2. Schuit, F., Moens, K., Heimberg, H. & Pipeleers, D. Cellular origin of hexokinase in pancreatic 
islets. J Biol Chem 274, 32803-9 (1999). 
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Supplementary Figure 4. Additional functional analysis of the genomic region surrounding rs7903146 (a) 

Confirmation by qPCR of islet-cell selective FAIRE enrichment in the region surrounding rs7903146. FAIRE 

enrichment in 7 human islet samples and four non islet cell lines (SW480, C33A, HEK293T and MCF-7) was 

normalized to the negative control region 5′ of NKX6.1 described in Supplementary Figure 3a. Similar levels of 

enrichment were found at the TBP promoter region in the two groups of cells. P values correspond to non-paired t 

tests, error bars are S.E.M. (b) Sanger sequencing of input and FAIRE DNA surrounding rs7903146 from human 

islets from 7 heterozygous individuals. Area under the sequence curves of each allele was quantified using ImageJ 

(input: 57.5 +/- 2.7% T allele, FAIRE: 66.2 +/- 4.6% T allele). (c-e) Luciferase reporter data for (c,d) reverse 

orientation in MIN6 and 832/13 cell lines, and (e) both orientations for 293T cells; standard deviations represent 

four independent clones for each allele. 
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Supplementary Table 3. Referenced list of genes with preferential islet FAIRE enrichment that are 
expressed selectively in islets 

Gene 
Symbol Gene name References 
IAPP Islet amyloid polypeptide Nishi, M et al. . Islet amyloid polypeptide. A new beta cell secretory 

product related to islet amyloid deposits. J Biol Chem 265, 4173-6 
(1990). 

NKX6-1 NK6 homeobox 1 Sander, M. et al. Homeobox gene Nkx6.1 lies downstream of Nkx2.2 
in the major pathway of beta-cell formation in the pancreas. 
Development 127, 5533-40 (2000). 

FOXD3 Forkhead box D3 Perera, H.K. et al. Expression and shifting subcellular localization of 
the transcription factor, Foxd3, in embryonic and adult pancreas. 
Gene Expr Patterns 6, 971-7 (2006). 

PDX1 Pancreatic duodenal homeobox 1 Ohlsson, H et al. IPF1, a homeodomain-containing transactivator of 
the insulin gene. EMBO J 12, 4251-9 (1993).  
Stoffers, D.A. et al. Early-onset type-II diabetes mellitus (MODY4) 
linked to IPF1. Nat Genet 17, 138-9 (1997). 

SULT4A1 Sulfotransferase family 4A, member 1 Falany, C.N., et al. Molecular cloning and expression of novel 
sulphotransferase-like cDNAs from human and rat brain. Biochem J 
346 Pt 3, 857-64 (2000). 

SCG2 Secretogranin II  Karlsson, E. The role of pancreatic chromogranins in islet physiology. 
Curr Mol Med 1, 727-32 (2001). 

GAD2 GAD65, Glutamate decarboxylase 2  Kaufman, D.L. et al. Autoimmunity to two forms of glutamate 
decarboxylase in insulin-dependent diabetes mellitus. J Clin Invest 
89, 283-92 (1992). 

NEUROD1 Neurogenic differentiation 1 Naya, F.J. et al. Diabetes, defective pancreatic morphogenesis, and 
abnormal enteroendocrine differentiation in BETA2/neuroD-deficient 
mice. Genes Dev 11, 2323-34 (1997). 
Malecki, M.T. et al. Mutations in NEUROD1 are associated with the 
development of type 2 diabetes mellitus. Nat Genet 23, 323-8 (1999). 

ISL1 ISL LIM homeobox 1 Ahlgren, U. et al. Independent requirement for ISL1 in formation of 
pancreatic mesenchyme and islet cells.Nature385, 257-60 1997. 

DACH1 Dachshund homolog 1 (Drosophila) Miyatsuka, T., et al. Chronology of islet differentiation revealed by 
temporal cell labeling. Diabetes 58, 1863-8 (2009). 

ST18 Suppression of tumorigenicity 18  Wang, S. et al. Loss of Myt1 function partially compromises 
endocrine islet cell differentiation and pancreatic physiological 
function in the mouse. Mech Dev 124, 898-910 (2007). 

NCAM1 Neural cell adhesion molecule 1 Esni, F. et al. Neural cell adhesion molecule (N-CAM) is required for 
cell type segregation and normal ultrastructure in pancreatic islets. J 
Cell Biol 144, 325-37 (1999). 

CDK5R2 Cyclin-dependent kinase 5, regulatory 
subunit 2 (p39) 

Lilja, L. et al. Cyclin-dependent kinase 5 associated with p39 
promotes Munc18-1 phosphorylation and Ca(2+)-dependent 
exocytosis. J Biol Chem 279, 29534-41 (2004). 

RFXDC1 regulatory factor X, 6, RFX6 Miyatsuka, T., et al. Chronology of islet differentiation revealed by 
temporal cell labeling. Diabetes 58, 1863-8 (2009). 

PAX6 Paired box 6 Sander, M. et al. Genetic analysis reveals that PAX6 is required for 
normal transcription of pancreatic hormone genes and islet 
development. Genes Dev 11, 1662-73 (1997). 

ABCC8 ATP-binding cassette, sub-family 
C(CFTR/MRP),8 

Aguilar-Bryan, L. et al. Cloning of the beta cell high-affinity 
sulfonylurea receptor: a regulator of insulin secretion. Science 268, 
423-6 (1995). 

GLP1R Glucagon-like peptide 1 receptor Thorens, B. Expression cloning of the pancreatic beta cell receptor for 
the gluco-incretin hormone glucagon-like peptide 1. Proc Natl Acad 
Sci U S A 89, 8641-5 (1992). 
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Gene 
Symbol Gene name References 
CPE Carboxypeptidase E Naggert, J.K. et al. Hyperproinsulinaemia in obese fat/fat mice 

associated with a carboxypeptidase E mutation which reduces enzyme 
activity. Nat Genet 10, 135-42 (1995). 

LMX1A LIM homeobox transcription factor 1, 
alpha 

Iannotti, C.A. et al. Identification of a human LMX1 (LMX1.1)-
related gene, LMX1.2: tissue-specific expression and linkage 
mapping on chromosome 9. Genomics 46, 520-4 (1997). 

KCNK10 Potassium channel, subfamily K, 
member 10 

Kang, D., et al.  Functional expression of TREK-2 in insulin-secreting 
MIN6 cells. Biochem Biophys Res Commun 323, 323-31 (2004). 

G6PC2 Glucose-6-phosphatase, catalytic, 2 Hutton, J.C. & Eisenbarth, G.S. A pancreatic beta-cell-specific 
homolog of glucose-6-phosphatase emerges as a major target of cell-
mediated autoimmunity in diabetes. Proc Natl Acad Sci U S A 100, 
8626-8 (2003). 

KCNB2 
 

Potassium voltage-gated channel, Shab-
related subfamily, member 2 

Wolf-Goldberg, T. et al. Target soluble N-ethylmaleimide-sensitive 
factor attachment protein receptors (t-SNAREs) differently regulate 
activation and inactivation gating of Kv2.2 and Kv2.1: Implications 
on pancreatic islet cell Kv channels. Mol Pharmacol 70, 818-28 
(2006). 

SYT4 Synaptotagmin IV Gauthier, B.R. et al. Synaptotagmin VII splice variants alpha, beta, 
and delta are expressed in pancreatic beta-cells and regulate insulin 
exocytosis. FASEB J 22, 194-206 (2008). 

SLC30A8 Solute carrier family 30 (zinc 
transporter), member 8 

Sladek, R. et al. A genome-wide association study identifies novel 
risk loci for type 2 diabetes. Nature 445, 881-5 (2007). 
Nicolson, T.J. et al. Insulin storage and glucose homeostasis in mice 
null for the granule zinc transporter ZnT8 and studies of the type 2 
diabetes-associated variants. Diabetes (2009). 
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Gaulton, Nammo, Pasquali et al. Supplementary Table 9 

Supplementary Table 9. Oligonucleotides for genomic region surrounding rs7903146 
 
rs7903146 Sequencing 1  5’ GCCTCAAAACCTAGCACAGC 
rs7903146 Sequencing 2  5’ GTGAAGTGCCCAAGCTTCTC 
Luciferase construct forward 1  5’ GCGCGGTACCAATTCATGGGCTTTCTCTGC 
Luciferase construct forward 2  5’ GCGCCTCGAGGTGAAGTGCCCAAGCTTCTC 
Luciferase construct reverse 1  5’ GCGCCTCGAGAATTCATGGGCTTTCTCTGC 
Luciferase construct reverse 2  5’ GCGCGGTACCGTGAAGTGCCCAAGCTTCTC 
Underlined sequences represent introduced restriction enzyme site
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