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Supplementary Figure 1. Associations of SNP rs10941679 with expression of candidate target genes. (a) 183
normal breast samples from the GTEx database, (b) FGF10 or (c) MRPS30 in normal breast TCGA (n=93) and breast
tumours TCGA (n=765). The x-axis of each plot corresponds to the three observed SNP genotypes and the y-axis
represents log2-normalized gene expression values. P-values in the GTEx datasets are pre-corrected for multiple testing.
P-values in the TCGA datasets are presented before and after correction for multiple testing using FDR as implemented in
p.adjust function in R. Each box plot shows the median rank normalized gene expression (horizontal line), the first through

third quartiles (box) and 1.5x the interquartile range (whiskers).
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Supplementary Figure 2. Location of putative noncoding RNAs close to the top risk SNPs. The top risk SNPs from
each signal are shown as small horizontal lines and labelled. Green boxes represent putative noncoding RNAs.
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Supplementary Figure 3. Putative noncoding RNA expression measured by qPCR in untreated breast cell lines and

normalised to TBP. Error bars denote SEM (n

=3).
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Supplementary Figure 4. Genomic region (chr5:44276112-44866764) showing chromatin
state annotations called by Roadmap Epigenomics Project Chromatin Hidden Markov
Modelling (Imputed ChromHMM) relative to GENCODE V19 gene models. The 25 states of
chromatin segmentation depicted as colors along the genomic axis are described in the key.
The position of top risk SNPs for signals 1-3 are shown by the vertical black lines.
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Supplementary Figure 5. Chromatin interactions at 5p12 in breast cancer cell lines. (a) Physical map of the region
interrogated by 3C. 3C interaction profiles between the FGF10/FGF10AS-1, MRPS30/BRCAT54 or HCN1 promoters and
the putative regulatory element (PRE, grey bars) containing SNP rs10941679 in (b) ER"/PR" MCF7 and BT474, (c)
ER'/PR" MDA-MB-361 or ER/PR" MDA-MB-231 breast cancer cell lines and (d) ER" Bre80 normal breast cells. 3C
libraries were generated with EcoRlI, with the anchor points set at the promoters. Error bars denote SD.
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Supplementary Figure 6. DNA sequencing to confirm chromatin interactions. Chromatogram of 3C products
amplified between the (a) FGF10 or (b) MRPS30 promoters and the 5p12 putative regulatory element (PRE) containing
SNP rs10941679.
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Supplementary Figure 7. SNP rs10941679 does not influence chromatin looping between the PRE and FGF10 or
MRPS30 promoters. 3C followed by sequencing for the rs10941679-containing region in heterozygous BT474 ER+
breast cancer cells.
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Supplementary Figure 8. Luciferase reporter assays in ER* MCF7 and ER" Bre80 breast cell lines. The putative
regulatory element containing the major SNP allele was cloned downstream of target gene promoter-driven luciferase
constructs (Ref PRE). The minor SNP allele was engineered into the constructs and is designated by the rs ID. Error bars
denote 95% confidence intervals (n=3). P-values were determined by 2-way ANOVA followed by Dunnett's multiple
comparisons test. **P<0.01, ***P<0.001.
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Supplementary Figure 9. EMSAs for oligonucleotides containing SNP rs10941679. The A=common allele and
G=minor allele as indicated below the panel, assayed using (a) ER"/PR" MDA-MB-361, ER"/PR" MCF7 and (b) ER/PR
MDA-MB-231 and Hs578T nuclear extracts. Primers are listed in Table S8. Labels above each lane indicate inclusion of
competitor oligonucleotides at 100-fold molar excess, respectively: (-) no competitor and control denotes a non-specific
competitor. Red arrowheads show bands of different mobility detected between the A and G alleles.



& o
¥ K QN
Q'\ Qq’ + + «veQ %Q 0((/ "\3~ 40 Q‘lg’

v v X R N
a-+++++++++++++
\—(\Im‘_
:“Nu NPT T ST P % % % 5
. <9LLLLOO
AA A C 2 ¢% % T %

Pl . & -...-‘

common (A) allele

b MMM M
A A A

e A

minor (G) allele

Supplementary Figure 10. Competition EMSAs for SNP rs10941679 to identify candidate nuclear proteins.
Competitor oligonucleotides for predicted transcription factors (100-fold molar excess) were incubated with ER™ BT474
nuclear extracts (competitor sequences are listed in Table S9). Red arrowheads indicate bands that were competed for
complex formation on either the (a) common or (b) minor alleles. (¢) EMSA-supershift using the common DNA duplex and
2 ug of polyclonal antibody against FOXA1 (ab5089, abcam), FOXA2 (sc-20692, Santa Cruz Biotechnology), CEBPB (sc-
150) or OCT1 (sc-232) with BT474 nuclear extracts. Rabbit IgG (sc-2027) was used as a negative control. The red
arrowhead denotes supershifted complexes.
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Supplementary Figure 11. FOXA1 and OCT1 binding in vivo. ChIP-gPCR results against (a) FOXA1, (b) OCT1, (c)
FOXAZ2 or (d) CEBPB in heterozygous BT474 breast cancer cells. Error bars denote SD (n=2). A region within the second
intron of ESR1 served as a negative (Neg) control. P-values were determined by two-tailed t-t test. **P<0.01, ***P<0.001.
(e) Sanger sequencing of the PCR fragment generated using primers flanking SNP rs10941679 following ChIP-gPCR.
Primers are listed in Table $10.
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Supplementary Figure 12. Western blot analysis of FOXA1 and OCT1 protein expression in breast cancer cell
lines. Actin (Sigma A2066) served as a loading control.



Supplementary Table 1. Strongest Associated SNPs (n=461 P<10-4) with overall breast cancer risk from 41 European
BCAC studies (n=104,660). * Type refers to either genotyped or imputed SNPs.

SNP position EAF Pvalue OR ER+ Pvalue OR Pvalue Type R?
overall ER+ ER- ER-

rs10941679 44706498 A G 0.27 2.55E-26 1.15 244E-29 1.04 0.08 Gen 0.99
rs10462082 44800917 A C 0.50 9.11E-22 1.11 3.40E-20 1.06 0.00 Imp 0.95
c5 _pos44911206 44875449 A G 0.48 1.67E-21 0.90 3.28E-21 0.95 0.01 Gen 1.00
rs6451770 44691395 T G 0.39 2.50E-21 1.13 4.76E-25 1.01 0.59 Gen 1.00
rs7716600 44875005 A C 0.77 4.13E-21 0.87 3.17E-24 0.96 0.09 Gen 1.00
rs930395 44822458 G A 023 1.1 7.58E-21 1.14 4.87E-24 1.04 0.08 Gen 1.00
rs13185555 44690964 G A 039 11 7.59E-21 1.13 5.36E-25  1.01 0.75 Imp 0.98
rs76514876 44673354 A C 0.41 1.1 491E-20 1.12 5.39E-23  1.01 0.72 Imp 0.98
rs4463188 44642670 T C 0.41 1.09 5.35E-20 1.12 8.29E-23 1.00 0.80 Gen 1.00
rs4321755 44646195 C T 0.41 1.09 6.44E-20 1.12 6.75E-23  1.00 0.81 Gen 1.00
rs4339357 44670741 T C 040 11 6.64E-20 1.12 9.24E-23  1.01 0.56 Imp 0.97
rs4479849 44644006 G A 0.41 1.09 6.93E-20 1.12 4.92E-23 1.00 0.85 Gen 1.00
rs12187196 44683819 A C 0.41 1.09 747E-20 1.12 8.48E-23  1.01 0.62 Gen 1.00
rs36068815 44645998 T C 0.41 1.09 7.80E-20 1.12 5.15E-23 1.00 0.84 Gen 1.00
rs13155752 44680687 A C 0.41 1.09 1.65E-19  1.12 7.46E-23  1.01 0.71 Imp 0.98
rs13156283 44680758 G C 0.41 1.09 1.66E-19  1.12 7.48E-23  1.01 0.71 Imp 0.98
rs4492118 44646625 G A 0.41 1.09 1.86E-19 1.12 1.98E-22 1.01 0.79 Gen 1.00
rs7735881 44650176 A G 0.41 1.09 1.90E-19 1.12 1.15E-22 1.00 0.82 Gen 1.00
rs12516900 44644495 A G 0.41 1.09 2.27E-19 112 2.34E-22 1.01 0.78 Gen 1.00
rs6861560 44708378 C G 0.41 1.09 2.31E-19 112 7.82E-23  1.01 0.71 Imp 0.98
rs1821936 44699482 A C 0.41 1.09 242E-19 112 1.30E-22 1.01 0.67 Imp 0.99
chr5:44648592:1 44648592 C C 0.41 1.09 242E-19 112 2.22E-22 1.01 0.76 Imp 0.98
chr5:44645330:D 44645330 A A 040 11 2.50E-19 1.12 3.61E-22  1.01 0.77 Imp 0.95
rs6874055 44666965 T A 0.41 1.09 251E-19 112 1.70E-22 1.01 0.75 Imp 0.99
rs12522626 44685698 G T 0.41 1.09 267E-19 112 1.73E-22 1.01 0.69 Gen 1.00
rs10805686 44662128 T C 0.41 1.09 2.95E-19 1.12 2.24E-22 1.01 0.76 Gen 1.00
rs6890556 44648666 C G 0.41 1.09 3.01E-19 1.12 3.17E-22  1.01 0.76 Gen 1.00
rs2165010 44706780 A C 0.41 1.09 3.12E-19 1.12 1.68E-22 1.01 0.68 Imp 0.99
rs13176502 44697908 T C 0.41 1.09 3.36E-19  1.12 217E-22  1.01 0.66 Imp 0.99
rs714130 44701418 T C 0.41 1.09 3.55E-19 1.12 2.03E-22 1.01 0.68 Gen 1.00
rs1438825 44706931 G A 0.41 1.09 3.58E-19 1.12 1.63E-22 1.01 0.72 Gen 1.00
rs10941677 44662399 G A 0.41 1.09 3.64E-19 1.12 2.24E-22 1.01 0.77 Gen 1.00
rs1371027 44699857 T C 0.41 1.09 3.65E-19 1.12 1.90E-22 1.01 0.69 Gen 1.00
rs2218081 44705140 C T 0.41 1.09 3.76E-19  1.12 1.50E-22 1.01 0.74 Gen 1.00
rs4415084 44662515 C T 0.41 1.09 3.81E-19 1.12 2.67E-22 1.01 0.78 Gen 1.00
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Supplementary Table 2. The three independent signals showing the lead SNP in each signal together with the correlated
SNPs that could not be excluded from causality.

P-value P-value
Imput- Single condition conditio cor_ cor rs68 cor_
SNP Position Ref/Alt MAF ation OR (95% Cl) SNP al on nal on rs109416 64776 rs200229
r2 p_value signal 1 signal 1 79 088
top hit +2
Signal 1
rs10941679 44706498 AIG 0.27 0.99 1.12(1.1-1.15)  2.60E-26 NA NA 1.00 0.07 0.14
Signal 2
rs6864776 44513304 G/A 0.23 0.97 1.04(1.02-1.06) 0.00078  6.22E-11 NA 0.07 1.00 0.05
chr5.44527739.1 44527739 ATACT/A 0.24 0.96 1.04(1.02-1.07) 0.00044  6.40E-11 NA 0.06 0.98 0.05
rs4634356 44553611 CIT 0.23 0.99 1.04(1.02-1.06) 0.00076  7.89E-11 NA 0.07 0.99 0.06
rs1905192 44531538 AIT 0.23 0.99 1.04(1.02-1.06) 0.00077  8.76E-11 NA 0.07 0.99 0.06
rs4866905 44555867 CIT 0.23 1.00 1.04(1.02-1.06) 0.00086 1.02E-10 NA 0.07 0.98 0.06
rs1482663 44543102 AIG 0.23 1.00 1.04(1.02-1.06) 0.00085  1.04E-10 NA 0.07 0.99 0.06
chr5.44496660.1 44496660 AG/A 0.23 0.98 1.04(1.02-1.06)  0.00087 1.04E-10 NA 0.06 0.99 0.05
rs7710996 44514350 G/A 0.23 0.99 1.04(1.02-1.06) 0.00085  1.07E-10 NA 0.06 0.99 0.05
rs6451763 44527841 C/IA 0.23 0.99 1.04(1.02-1.06)  0.00087 1.09E-10 NA 0.07 0.99 0.05
c5_pos44562807 44527050 A/IC 0.23 1.00 1.04(1.02-1.06)  0.00087 1.15E-10 NA 0.07 0.99 0.06
rs1351633 44543851 CIT 0.23 0.99 1.04(1.02-1.06)  0.00094 1.18E-10 NA 0.07 0.99 0.06
rs1384453 44496114 T/IC 0.23 0.99 1.04(1.02-1.06)  0.00091 1.20E-10 NA 0.06 0.99 0.05
rs1482665 44546628 G/A 0.23 1.00 1.04(1.02-1.06)  0.00093 1.20E-10 NA 0.07 0.99 0.06
rs983940 44544136 G/A 0.23 0.99 1.04(1.02-1.06) 0.00095 1.21E-10 NA 0.07 0.99 0.06
rs6897963 44554781 C/IA 0.23 1.00 1.04(1.02-1.06) 0.00098  1.33E-10 NA 0.07 0.98 0.06
rs1384454 44492998 CIT 0.23 0.99 1.04(1.02-1.06) 0.00098  1.43E-10 NA 0.06 0.99 0.05
rs10079222 44561473 G/C 0.23 1.00 1.04(1.02-1.06) 0.001 1.45E-10 NA 0.07 0.98 0.06
rs7736427 44524276 AIG 0.25 0.93 1.04(1.02-1.07)  0.00028  1.48E-10 NA 0.05 0.94 0.05
rs10512860 44539953 G/C 0.23 1.00 1.04(1.02-1.06) 0.001 1.50E-10 NA 0.07 0.99 0.05
rs4866776 44525589 T/A 0.23 1.00 1.04(1.02-1.06) 0.001 1.52E-10 NA 0.07 0.99 0.05
rs1482690 44488840 T/A 0.24 0.98 1.04(1.02-1.06) 0.0011 1.91E-10 NA 0.06 0.99 0.05
rs12516346 44488156 A/IC 0.23 0.99 1.04(1.01-1.06) 0.0016 2.39E-10 NA 0.07 0.97 0.06
rs1482684 44478742 G/A 0.23 1.00 1.04(1.01-1.06) 0.0013 2.41E-10 NA 0.06 0.99 0.05
chr5.44496659.| 44496659 TAIT 0.25 0.93 1.04(1.01-1.06) 0.0017 2.41E-10 NA 0.07 0.95 0.05
rs1482691 44487477 C/IA 0.23 0.99 1.04(1.01-1.06) 0.0013 2.52E-10 NA 0.06 0.99 0.05
rs7724859 44471395 T/IC 0.23 1.00 1.04(1.01-1.06) 0.0014 2.84E-10 NA 0.06 0.99 0.05
rs2128430 44462926 T/IC 0.23 0.99 1.04(1.01-1.06) 0.0014 3.03E-10 NA 0.06 0.99 0.05
rs7707044 44471392 AIT 0.23 1.00 1.04(1.01-1.06) 0.0015 3.15E-10 NA 0.06 0.99 0.05
rs1905191 44456782 CIT 0.23 0.98 1.04(1.01-1.06) 0.0015 3.21E-10 NA 0.06 0.99 0.05
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44466578
44444857
44451269
44463186
44441175
44473605

44701817

T/IC
CIT
A/IC
CIT
CIT
AIG

TTG/T

0.23
0.23
0.23
0.24
0.23
0.24

0.31

1.00
0.98
0.98
0.96
0.95
0.98

0.65

1.04(1.01-1.06)
1.04(1.01-1.06)
1.04(1.01-1.06)
1.04(1.01-1.06)
1.04(1.01-1.06)
1.03(1.01-1.06)

1.09(1.07-1.12)

0.0017
0.0017
0.002
0.0023
0.0018
0.0067

2.30E-12

3.86E-10
4.49E-10
5.30E-10
7.36E-10
8.24E-10
3.57E-09

5.61E-04

NA
NA
NA
NA
NA
NA

1.12E-05

0.06
0.06
0.07
0.06
0.06
0.07

0.14

0.99
0.98
0.98
0.98
0.95
0.96

0.05

0.05
0.05
0.05
0.05
0.05
0.06

1.00




Supplementary Table 3. ER/PR status, genotype and copy number at 5p12 of breast cell lines used in functional assays.

ER® PR" Signal 1 Signal 2 Signal 3 Copy
status status rs10941679 rs6864776 rs200229088 Number® Haplotype
SVCT - - AA GG TTG/T Not det A/B
MCF10A - - AA GG TTG/T Not det A/B
T47D + + AA AA TTG/T Gain C/D
ZR751 + + AA AA TTG/T Normal C/D
MDA-MB-361 + - AA AA TTG/T Gain C/D
MCF7 + + AA AG TTG/T Gain Not det
Hs578T - - AA AG TTG/T Gain Not det
BT474 + + AG AG TTG/T Gain Not det
Bre80 - - AG AG TTG/T Not det Not det
MDA-MB-231 - - AG AG TTG/T Gain Not det
BT-20 - - GG AA TTG/T Gain G/H
MDA-MB-468 - - GG AA TTG/T Gain G/H

Estrogen receptor-alpha, °Progesterone receptor, °Copy number status from array CGH data (segmentation of
normalized log2 ratios) generated by the Cancer Cell Line Encyclopedia (CCLE), Not det = Not determined.



Supplementary Table 4. Oligonucleotides used for qRTPCR of putative noncoding RNAs.

qRT Primer

Sequence (5’ to 3’)

FGF10-AS1FOR
FGF10-AS1REV
BRCAT54FOR
BRCAT54REV
RP11-503D12.1FOR
RP11-503D12.1REV
RP11-473L15.3FOR
RP11-473L15.3REV
TATA-binding proteinFOR
TATA-binding proteinREV

TGCACCAACATCCATAACTCCTCG
CTTTGTGAAGGAAAGCTGGACAGG
TGTGTGCTTAGACCTGACGCTGG
CTCCTCACATGGCAGGAAGAAGG
CAAGGTCAGTTGGCATTGTTCTGG
CAACCACCATGTCAAGGAACTCTAGC
CACATGCATTGGCTATGACCTTGC
GCTGGCCATAAAGCTTCAATGTCC
CATGGATCAGAACAACAGCCTGC
TTGTGAGAGTCTGTGAGTGGAAGAGC

Supplementary Table 5. Cell lines used in the study.

Cell line'? Source

SVCT ECACC 94122105

MCF10A ATCC CRL-10317

T47D ATCC HTB-133

ZR751 ATCC CRL-1500

MDA-MB-361 Gift from S. Lankani, UQCCR, AUS
MCF7 ATCC HTB-22

Hs578T ATCC HTB-126

BT474 ATCC HTB-20

Bre80 Gift from R. Reddel, CMRI, AUS
MDA-MB-231 ATCC HTB-26

BT-20 ATCC HTB-19

MDA-MB-468 ATCC HTB-132

' Cell lines used in experiments were within passages 15-30.
2 Cell lines were routinely tested for mycoplasma and short tandem repeat (STR) profiled.



Supplementary Table 6. Oligonucleotides used in 3C assays.

3C Primer (EcoRl)

Sequence (5’ to 3’)

FGF10 promoter bait
MRPS30 promoter bait
HCN1 promoter bait
PRE Fragment 1
PRE Fragment 2
PRE Fragment 3
PRE Fragment 4
PRE Fragment 5
PRE Fragment 6
PRE Fragment 7
PRE Fragment 8
PRE Fragment 9
PRE Fragment 10
PRE Fragment 11
PRE Fragment 12

GCTGCTCTTCTGTACAGCGTGATGACAAGAGG
CCTTCACAGAAGTAAGCAACATGAGGGAAGC
TCCCACTGGCACCTGCAAGTATGTGC
CTAAGACTGTCTCACCATGGAGCAACTCATGC
TGGCTTCCTGCCACTTGTTTCCTAATGC
CTCCTTGCTGTGAGAAGGTTGCACATCC
AGCACAAGAGCAGCCTCTACTGGGATATGC
TCCAAGTGAGTCAGTCTCCTGCCTCAGG
TCACTTGCTTTCTAGATTTGTGATTCTGCTTTCC
GTCCAGAGTCAAGTGGAGGAGATAACTCAAGGG
GAGGAATCAGGCAATCTTCATAAATATGGCTTACC
GGAATGCAAAGTGCAGCTATTGCTCTGC
GAAAATTTGGCATCATCCTTAGTGCACAGTAGG
CTGTGTAAGTTACAGAGCCATGATCATTGGTGG
GCCACATCCCTAGATGCCATGGTCC




Supplementary Table 7. Oligonucleotides used in cloning luciferase constructs.

Primer Sequence (5’ to 3’)

FGF10 promoter FOR GATCGCCATAAAGTGCGTTTGC

FGF10 promoter REV CTGGAAGGGTAAGACCCGATGC
FGF10-AS1 promoter FOR CCCAGGCATAATTTACGCTGAGG
FGF10-AS1 promoter REV GCATTCACTTCTGGCCAGATCC

MRPS30 promoter FOR ACTTTCCATGGCTCTGACTCAGTCC
MRPS30 promoter REV CGGACCCAGAGGTCAACTTAAGC
BRCAT54 promoter FOR CCTATCGTGAACGGTTATTGTGAGC
BRCAT54 promoter REV AGTTCCTGGCAAAGGAGGTTGC

5p12 enhancer FOR GACTCTGTATCTTCACGCATTTCCAGG
5p12 enhancer REV TTAGAGACCAGAAATGTGGGCAAAGG
rs10941679 mut FOR GCTTTTTATTGACTGTGGAAAGAACACAGC
rs10941679 mut REV GCTGTGTTCTTTCCACAGTCAATAAAAAGC

Supplementary Table 8. Oligonucleotides used in EMSAs.

SNP allele® Sequence (5’ to 3’)°
rs10941679 com POGCTTTTTATTGACTATGGAAAGAACACAGC
rs10941679 min  BO°GCTTTTTATTGACTGTGGAAAGAACACAGC
Neg control AGAGATTGCCTGACGTCAGAGAGCTAG

@ com: common allele, min: minor allele
® BIO: 5’ biotinylation (present on both the sense and antisense strands of the duplex)



Supplementary Table 9. EMSA competitor duplexes and their target DNA binding proteins.

Competition Target

Sequence (5’ to 3’)

AP1
AP2
CEBP
CTCF
FOXA1
FOXAZ2
GATA3
HNF6
HOXA10
MYC
NFkB
OCT1
SP1

CGCTTGATGACTCAGCCGGAA
GATCGAACTGACCGCCCGCGGCCCGT
TGCAGATTGCGCAATCTGCA
AAGAAACCGCTAGGGGGCCTACT
CTGGTCTTAAAGGTGTTTACCTTGTCTGAT
GTTGACTAAGTCAATAATCAGAATCAG
CACTTGATAACAGAAAGTGATAACTCT
GATTCCATATTGATTTCAAAA
GCATTCAGAAGGTTATAGCTTT
TCAGACCACGTGGTCGGG
AGTTGAGGGGACTTTCCCAGGC
TGTCGAATGCAAATCACTAGAA
ATTCGATCGGGGCGGGGCGAGC

Supplementary Table 10. Oligonucleotides used for ChIP-qPCR analyses.

Name

Sequence (5’ to 3’)

ChIP rs10941679 FOR
ChIP rs10941679 REV
ChlIP negcontrol FOR
ChlIP negcontrol REV

TTGAATCAGATGTGTAGTGCTTCC
AACCTGAATGCAGCAAAATAGC
CTAAGGACGAGATGCACATGG
TCAAGTTTCCAACTCCAACAGG
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