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Figure S1. Genome-wide frequency plots of chromosomal alterations for each breast cancer subtype.
(A) Frequencies of copy number gains and losses in Stage | (n=11) and Il (n-37) breast cancers.

(B) Frequencies of copy number gains and losses in Luminal A (n=29), Luminal B (n=10), HER2 (n=1),
and TNBC (n=8). Green bars denote copy number gains and red bars copy number losses. Boundaries of
individual chromosomes are indicated by the vertical bars.



Table S1. Primer sequences for target and diploid control regions

Target Region Forward Primer (5 - 3°) Reverse Primer (5° - 3)
RAR-G12 (NUPR1) AGCTTCTCTCTTGGTGCGACCTTT ATCATGCCTATGCCCACTTCACCT
RAR-G13 (ERBB2) TGAGGGCAGTTACCAGTGCCAATA ATCGTGCCCACTCTTACCCATCAA

Diploid control (13¢g32.1) CGCTACCACCACACCAAGCAG CCACCTGGCTGTTGTAGTCCTC




Table S2. Copy number alterations significantly more frequent in stage Il than in stage |

Frequency

Frequency

Region (Mb) Cytoband Event (Stage I, %) (Stage 11, %) P-Value FDR
chrl16:3.61-3.65 p13.3 Gain 0 37.8 0.021 1
chr16:3.65-4.21 p13.3 Gain 0 35.1 0.023 1
chrl6:19.12-19.62 pl2.3 Gain 0 324 0.044 1
chr16:19.62-20.42 pl12.3 Gain 0 35.1 0.023 1
chr16:20.42-20.58 pl12.3 - p12.2 Gain 0 324 0.044 1
chr16:20.58-20.65 pl2.2 Gain 0 29.7 0.048 1
chrl6:27.36-27.72 pl2.1-pll.2 Gain 0 29.7 0.048 1
chr16:60.23-60.24 g21 Loss 18.2 56.8 0.039 1
chrl7:0.62-0.64 p13.3 Loss 0 40.5 0.01 1
chr17:0.64-0.70 p13.3 Loss 0 37.8 0.021 1
chr17:0.70-0.80 pl13.3 Loss 0 35.1 0.023 1
chr17:15.07-15.33 pl2 Loss 0 324 0.044 1
chrl7:15.33-15.34 pl2 Loss 0 29.7 0.048 1
chrl7:70.75-71.18 g25.1 Gain 9.1 45.9 0.035 1
chrl7:71.18-71.20 g25.1 Gain 9.1 48.6 0.032 1
chrl7:71.20-71.21 g25.1 Gain 9.1 45.9 0.035 1
chrl7:71.23-71.32 g25.1 Gain 0 43.2 0.009 1
chrl7:71.32-71.85 g25.1 Gain 0 40.5 0.01 1
chrl7:76.00-76.57 g25.3 Gain 0 35.1 0.023 1
chrl7:76.87-76.89 g25.3 Gain 9.1 45.9 0.035 1
chrl7:76.89-76.93 g25.3 Gain 9.1 48.6 0.032 1
chrl7:76.93-77.01 g25.3 Gain 9.1 51.4 0.016 1
chrl7:77.01-77.08 g25.3 Gain 18.2 54.1 0.045 1
chrl7:77.44-77.58 g25.3 Gain 9.1 45.9 0.035 1
chrl7:77.58-77.59 g25.3 Gain 9.1 48.6 0.032 1
chrl7:77.59-78.20 g25.3 Gain 9.1 51.4 0.016 1
chrl7:78.20-78.24 g25.3 Gain 9.1 48.6 0.032 1
chrl7:78.24-78.77 g25.3 Gain 9.1 51.4 0.016 1
chr20:28.12-28.13 qll.l Loss 0 29.7 0.048 1




Table S3. High copy number changes in the discovery set of early breast cancers

Changes Cytoband Portion (Mb) Size (Mb) Nurgazir of Observed cases Putative cancer-related genes DGV” Iéc’)\lrff ?
Ampl 1p36.33 1.18-1.26 0.08 1 BRC104 yes no
Amp2 1p35.2-p34  31.75-32.15 0.40 1 BRC62 yes no
Amp3  1p342-p33 43224424 102 1 BRC62 e Ly 0 PTPRE, STSGALS, - ATROVOB. oo yes
Amp4 1p33 50.20-50.71 051 1 BRC104 yes yes
Am p5 1p12-p11.2 119.63-120.96 1.33 2 BRC88, 104 HSD3B2, HSD3B1, REG4, NOTCH2 yes yes
Amp6 1g21.1 144.15-144.40 0.25 1 BRC110 TXNIP, PIAS3 yes yes
Amp7 1921.2 148.40-149.41 1.01 1 BRC98 gggggl ARNT, CTSK, LASS2, MCLL, PRUNE, yes no
Amp8 1921.3 150.01-150.05 0.04 1 BRC110 yes no
BRC98, 104, 117, 130, 145, 157,
Amp9 1921.3 150.82-150.93 0.11 9 175,182, 185 yes yes
Ampl0 1921.3 152.45-152.51 0.07 1 BRC110 yes no
Ampll 1921.3 153.16-153.31 0.14 1 BRC98 PYGO2, SHC1, CKS1B, ADAM15 yes no
Ampl2 1922 153.50-154.31 0.81 1 BRC98 FDPS, YY1AP1, DAP3, ARHGEF2, RAB25 yes no
Amp1l3 1922 154.53-155.05 0.52 1 BRC98 VHLL, MEF2D, NES, CRABP2, PRCC, CCT3 yes no
Ampl4 1923.1 156.42-157.18 0.76 1 BRC110 CD1D, PYHIN1 yes yes
Ampl5 1023.3 159.40-159.41 0.01 1 BRC106 yes no
Ampl6 1g23.3 160.61-160.76 0.15 1 BRC110 yes no
Ampl7 1924.1 165.09-165.54 0.45 1 BRC110 POU2F1 yes no
Ampl8 1924.2 167.03-167.75 0.72 1 BRC110 yes yes
Amp19 1g32.2 206.03-206.27 0.24 1 BRC148 CD46, CD34 yes no
Amp20 1g32.2 208.03-208.41 0.38 1 BRC148 yes yes
Amp21 1g42.12 223.16-223.40 0.24 1 BRC98 yes no
Amp22 1g42.12 224.34-224.98 0.64 1 BRC98 PARP1 yes no
Amp23 1g42.13 225.95-226.44 0.48 2 BRC98, 179 WNT9A, WNT3A, ARF1 yes no
Amp24 1g42.2 227.86-229.54 1.67 2 BRC88, 179 AGT, CAPN9 yes no
Amp25 1g42.2 229.56-231.19 1.63 1 BRC88 EGLN1 yes yes
Amp26 1943 231.87-235.13 3.25 1 BRC88 ARID4B, B3GALNT2, NID1, LGALS8, MTR yes yes
Amp27 1943 236.12-239.57 3.46 1 BRC88 RGS7 yes yes
Amp28 1943 239.74-241.73 1.99 1 BRC88 FH, EXO1, SDCCAGS, AKT3 yes no
Amp29 1944 242.30-244.09 1.79 1 BRC88 SMYD3 yes no
Amp30 144 245.04-247.07 2.03 1 BRC88 yes yes
Amp31 2p21 42.01-42.51 0.49 1 BRC87 COX7A2L yes no
Amp32 2p21p 46.27-46.84 0.58 1 BRC87 PRKCE, EPAS1 yes yes
Amp33 2p16.3 48.46-48.86 0.40 1 BRC87 LHCGR yes yes
Amp34 2011.2 95.18-96.84 1.66 1 BRC110 STARD7 yes yes
Amp35 2024.2 160.12-160.37 0.25 1 BRC87 yes no
Amp36 2033.1 196.31-200.89 4.58 1 BRC87 HSPD1, HSPE1 yes yes
Amp37 2033.3 206.73-206.88 0.15 2 BRC96, 131 yes no
Amp38 5p15.3 0.21-1.99 1.78 1 BRC74 AHRR, SLC9A3, TPPP, ZDHHC11, SLC12A7, TERT no yes
Amp39 5p15.33 3.47-3.65 0.18 1 BRRC74 no no
Amp40 5p13.2 37.10-37.26 0.16 1 BRC120 NIPBL no no
Amp4l 5035.3 175.70-176.97 1.26 2 BRC96, 104 ARL10, UNC5A, FGFR4, RAB24 yes no
Amp42 6p21.3 26.13-26.14 0.01 1 BRC189 yes no
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IFNA2, IFNAL, MTAP, CDKN2A, CDKN2B

ACTA2

RB1, RCBTB2, ARL11, KPNA3
NIPA2
PAR1, UBE3A

no
no
yes

yes

yes
yes
yes
yes
yes
no
no
no
no
yes
yes
yes
yes
no
no
no
no
no
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
no
no
no

no
no
no

no

no
yes
no
no
no
no
no
no
no
yes
no
no
no
no
yes
no
no
yes
no
no
no
yes
yes
no
yes
no
no
no
no
no
no
yes
yes
yes
no
no
yes
no
yes
no
no
no
no
yes



HD23  15q14 3360-3394 034 1 BRC117 no yes
HD24  15q14 35.19-36.41 122 1 BRC130 no yes
HD25 150211  4345-4356 0.1 1 BRC117 no no
HD26 15015 43.77-45.79 202 1 BRC117 no yes
HD27  15q213  5350-5362  0.12 1 BRC117 no no
HD28 16221  67.63-67.71 0.08 1 BRC82 yes no
HD29  16q221  6875-68.76 0.0 8 R O 15y 2019 PR yes yes
HD30  17p13.2 6.42-6.49 0.06 1 BRC120 TXNLS yes no
HD31  18ql21  2683-27.38 055 1 BRC130 DSC3, DSC2, DSC1, DSG3 yes yes
HD32 18212  5011-5071 0,61 1 BRC82 yes yes
HD33  22q1123  2271-2272 0.1 5 BRC66, 114, 117,145,167 ___GSTT1 no yes

Amp: amplification, HD: homozygous deletion.

* Qverlap with the Database of Genomic Variants (DGV) entries “Nov 2010” version.
T Overlap with CNV list identified from Koreans [35].



Table S4. Correlation between RARs and clinicopathologic features

ER Negative ER Positive Total P-value FDR

RAR-L4 - 21 11 32 <0.001 0.015
+ 2 14 16

Stage | Stage Il Total P-value FDR

RAR-G14 - 10 20 30 0.035 0.403
+ 1 17 18

RAR-G15 - 10 20 30 0.035 0.403
+ 1 17 18




Table S5. RARs in 48 breast cancers by molecular subtype

RARs Chr Cytoband Total frequency Luminal A Luminal B HER?2 TNBC
RAR-G1 1 g21.1 48% 14/29 (48.3%) 4/10 (40.0%) 0/1(0.0%) 5/8 (62.5%)
RAR-G2 1 g21.2-q21.3 50% 15/29 (51.7%) 4/10 (40.0%) 0/1(0.0%) 5/8 (62.5%)
RAR-G3 1 g21.3-g23.1 48% 14/29 (48.3%) 4/10 (40.0%) 0/1(0.0%) 5/8 (62.5%)
RAR-G4 1 023.2-923.3 48% 14/29 (48.3%) 4/10 (40.0%) 0/1(0.0%) 5/8 (62.5%)
RAR-G5 1 q24.13 48% 14/29 (48.3%) 5/10 (50.0%) 0/1(0.0%) 4/8 (50.0%)
RAR-G6 6 ql2 38% 8/29 (27.6%) 6/10 (60.0%) 0/1 (0.0%) 4/8 (50.0%)
RAR-G7 8 q24.13 50% 15/29 (51.7%) 6/10 (60.0%) 0/1 (0.0%) 3/8 (37.5%)
RAR-G8 8 (24.13-g24.21 50% 15/29 (51.7%) 6/10 (60.0%) 0/1 (0.0%) 3/8 (37.5%)
RAR-G9 8 g24.3 50% 13/29 (44.8%) 7/10 (70.0%) 0/1(0.0%) 4/8 (50.0%)
RAR-G10 8 g24.3 50% 12/29 (41.4%) 7/10(70.0%) 0/1(0.0%) 5/8 (62.5%)
RAR-G11 16 p13.3 38% 12/29 (41.4%) 3/10(30.0%) 0/1 (0.0%) 3/8 (37.5%)
RAR-G12 16 pll.2 40% 10/29 (34.5%) 5/10 (50.0%) 0/1 (0.0%) 3/8 (37.5%)

RAR-G13* 17 ql2 38% 7/29 (24.1%) 9/10 (90.0%) 1/1 (100%) 1/8 (12.5%)
RAR-G14 17 g25.1 38% 10/29 (34.5%) 3/10(30.0%) 0/1(0.0%) 5/8 (62.5%)
RAR-G15 17 025.3 38% 11/29 (37.9%) 4/10 (40.0%) 0/1 (0.0%) 3/8 (37.5%)
RAR-G16 20 ql3.12 33% 10/29 (34.5%) 2/10(20.0%) 0/1 (0.0%) 4/8 (50.0%)
RAR-G17 20 q13.33 31% 9/29 (31.0%) 3/10 (30.0%) 0/1 (0.0%) 3/8 (37.5%)
RAR-G18 20 q13.33 31% 8/29 (27.6%) 5/10 (50.0%) 0/1 (0.0%) 2/8 (25.0%)
RAR-L1 8 p23.1-p22 50% 15/29 (51.7%) 5/10 (50.0%) 0/1 (0.0%) 4/8 (50.0%)
RAR-L2 8 p22 48% 14/29 (48.3%) 6/10 (60.0%) 0/1 (0.0%) 4/8 (50.0%)
RAR-L3 8 p21.2 48% 13/29 (44.8%) 6/10 (60.0%) 0/1 (0.0%) 4/8 (50.0%)
RAR-L4 16 023.1-g23.3 33% 13/29 (44.8%) 1/10(10.0%) 0/1 (0.0%) 2/8 (25.0%)
RAR-L5 17 p13.1-p12 44% 14/29 (48.3%) 5/10 (50.0%) 0/1 (0.0%) 2/8 (25.0%)

*P = 1.77 x 10* based on Fischer’s exact test



Table S6. RAR combination rules associated with death events

Rule for death event Laplace accuracy
RAR-G1(+), RAR-G7(+), RAR-G12(+), RAR-G13(+) 0.83
RAR-G5(-), RAR-G7(+), RAR-G12(+), RAR-G13(+) 0.80
RAR-G5(-), RAR-G8(+), RAR-G12(+), RAR-G13(+) 0.80
RAR-G5(-), RAR-G9(+), RAR-G12(+), RAR-G13(+) 0.80
RAR-G5(-), RAR-G10(+), RAR-G12(+), RAR-G13(+) 0.80
RAR-G5(-), RAR-G11(+), RAR-G12(+), RAR-G13(+) 0.75
RAR-G5(-), RAR-G17(+), RAR-G12(+), RAR-G13(+) 0.75

RAR-G5(-), RAR-L5(+), RAR-G12(+), RAR-G13(+) 0.75




Table S7. Frequency of chromosomal arm changes in 48 breast cancers.

Chr arm Gains Losses Chr arm Gains Losses
1p 8 0 13p 0 0
1q 23 (47.9%) 0 13q 0 0
2p 0 6 14p 0 0
2q 0 9 14q 6 15 (31.3%)
3p 0 11 15p 0 0
39 9 0 15q 7 12
4p 6 9 16p 18 (37.5%) 0
4q 0 12 16q 8 16 (33.3%)
5p 10 0 17p 0 21 (43.8%)
5q 6 14 17q 18 (37.5%) 0
6p 11 0 18p 0 0
69 18 (37.5%) 13 18q 0 0
7p 7 0 19p 0 3
7q 9 7 19q 13 5
8p 7 23 (47.9%) 20p 0 0
8¢ 24 (50.0%) 0 20g 16 0
9 0 10 21p 0 0
9q 8 0 21q 10 0
10p 0 0 22p 0 0
10q 0 11 22q 10 0
11p 0 12 23p 0 14
11q 9 14 23q 5 14
12p 10 11 24p 0 0
12q 8 0 24q 0 0

Note: Gray boxes represent frequent chromosomal arm changes (> 30%)



