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Abstract 

Background: Ductal carcinoma in situ (DCIS) of breast is heterogeneous in terms of 

the risk of progression to invasive ductal carcinoma (IDC). To treat DCIS appropriately 

for its progression risk, we classified individual DCIS by its profile of genomic changes 

into 2 groups and correlated them with clinicopathological progression factors. 

Methods: We used surgically resected, formalin-fixed, paraffin-embedded tissues of 22 

DCIS, and 30 IDC lesions. We performed immunohistochemical intrinsic subtyping, 

array-based comparative genomic hybridization and unsupervised clustering. Results: 

The samples were divided into 2 major clusters, A and B. Cluster A showed a greater 

number of gene and chromosome copy-number alterations, a larger IDC/DCIS ratio, a 

higher frequency of non-luminal subtype, a lower frequency of luminal subtype, and a 

higher nuclear grade, when compared with cluster B. But, there was no difference in 

the frequencies of lymph node metastasis between clusters A and B. We identified 9 

breast-cancer related genes, including TP53 and GATA3, that highly contributed to the 

discrimination of A and B clusters. Conclusion: Classification of breast tumors into 

rapidly progressive cluster A and the other (cluster B) may contribute to select the 

treatment appropriate for their progression risk. 
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Introduction 

Ductal carcinoma in situ (DCIS) is characterized by noninvasive spreading within 

mammary ducts. Whether DCIS inevitably becomes invasive and what factors 

determine the rate of progression remains unclear. 

In 2011, breast cancer was newly detected in approximately 48,000 Japanese 

women, including 14.2% with DCIS, whereas the percentage of DCIS was only 8.2% in 

2004. This increase in the proportion of DCIS may reflect an increase in the number of 

breast cancer patients who were detected by mammographic screening [1]. 

Mammographic screening is more prevalent in North America than in Japan, and the 

number of DCIS cases detected by screening accounts for nearly 20% of all breast 

cancers in recent years [2]. This increase in DCIS detection is likely to continue until it 

reaches the prevalence of latent DCIS, which is as high as 8.9% of autopsy cases [3]. 

If DCIS inevitably becomes invasive ductal carcinoma (IDC), the screening-based 

detection of DCIS can lead to a reduction in the mortality of breast cancer patients. 
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Many studies reported that screenings had actually reduced breast cancer mortality but 

that the reduction size was smaller than expected probably because of overdiagnosis 

of very dormant tumors as cancers [4, 5]. A retrospective cohort study demonstrated 

that there was no significant difference in the weighted hazard ratios of breast cancer–

specific 10-year survival between surgery and non-surgery groups for low-grade DCIS 

[6]. Accordingly, a follow up study for up to 20 years after a biopsy diagnosis of DCIS 

without subsequent treatment reported that 28% of these patients recurred for IDC 

within approximately 15 years [7]. This study and other similar reports [3, 8] suggest 

that some DCIS lesions remain dormant and have a very slow progression rate to IDC. 

It is also possible that some DCIS lesions do not become invasive. 

Molecular and epidemiological data indicate that breast cancer development is a 

multi-step process [9]. The progression from DCIS to IDC may involve stepwise genetic 

alterations [10, 11]. Some studies have suggested that copy number aberrations 

(CNAs) are associated with the progression from DCIS to IDC, including amplifications 

of MYC[12], FGFR1 [13], and CCND1 [14], which were more frequently observed in 

IDC than DCIS. However, other studies comparing the DCIS and invasive components 

from the same patient demonstrated that CNAs at the chromosome level were very 

similar between intraductal and invasive components [15]. Analogous approaches 
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searching for common transcriptomic and/or genomic differences between matched 

synchronous DCIS and IDC have been unsuccessful [16, 17]. Current studies have 

also failed to identify driver genes that play a significant role in the transition from DCIS 

to IDC [2]. Thus, the presence of progression-related genomic changes and overall 

genomic similarity between DCIS and IDS requires further study. 

In the present study, we focused on the CNA profiles of genomic DNA using array-

based comparative genomic hybridization (CGH). These profiles are unique for 

individual neoplasms because they include random gene alterations that have a neutral 

role for carcinogenesis, accumulate over time based on genetic instability, and are 

selected by the tissue microenvironment. Approximately three-quarters of the natural 

history of solid cancers has elapsed once tumors reach 1 cm in diameter [18], which 

leaves a limited opportunity for the accumulation of additional genomic changes. Thus, 

the CNA profile of clinically detectable breast cancer may already include information 

enough for outcome prediction. In our previous gastric cancer studies, we classified the 

samples based on their CNA profiles using unsupervised hierarchical cluster analyses, 

and demonstrated that nearly all early cancer of the undifferentiated type can become 

advanced [19], whereas approximately 80% of non-invasive neoplasm of the 

differentiated type showed a lineage distinct from advanced cancers [20].  
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  Applying the similar approach to breast cancers, in the present study, we have found 

that breast tumors, including DCIS, IDC and papillomas, were classified into rapidly 

progressive group and slowly progressive group. This classification may contribute to 

select the treatment of individual breast tumors appropriate for their progression risk. 

  

Methods 

Patients 

The study consisted of 50 patients who underwent a partial or total mastectomy for 

DCIS lesions (n = 22) or IDCs (n = 30; 15 T1, 14 T2, and 1 T4 tumors) from December 

2009 to January 2014 (Supplementary file 1). Two patients had two tumors: 1 patient 

(#13) with bilateral IDC and DCIS and 1 patient (#17) with unilateral IDC and DCIS in 

areas A and C, respectively. All patients were female. The mean age was 55.2 years 

old (range, 35–84 years). None of the patients received any preoperative radio- and/or 

chemotherapy. The conduct in this study was approved by the Institutional Review 

Board at the Shiga University of Medical Science on the condition that the materials 

used remained anonymous (Permission number: 26–36 on July 24, 2014). Written 

informed consent was not required in this retrospective study because of the use of 

archival materials and detected acquired genomic copy-number changes. 
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Tissue samples 

We used formalin-fixed, paraffin-embedded (FFPE) tissues. Tissues were fixed in 

buffered 10% formalin for 24 to 48 hours. In 20 of the 30 IDCs, DNA samples were 

taken from both ductal and invasive components. DNA samples of metastatic tumors in 

lymph nodes (LNs) were available in 7 cases (Supplementary file 1). Only patient #18 

had distant metastasis, from which no sample was available. N2 or N3 nodal 

metastasis was not detected in any of the patients in this study. . 

 

Immunohistochemistry and in situ hybridization 

We used 3 µm-thick tissue sections for the immunohistochemical (IHC) analysis of 

the estrogen receptor (ER), progesterone receptor (PgR), HER2, basal and 

myoepithelial markers (cytokeratin (CK) 5/6 and p63), and Ki-67. We used the following 

antibodies: anti-ER (clone 1D5, DAKO, Santa Clara, CA, USA; dilution 1:50), anti-PgR 

(clone PgR636, DAKO; dilution 1:50), anti-Ki-67 (clone MM1, Leica Biosystems 

Newcastle Ltd, Newcastle Upon Tyne, UK; dilution 1:100), anti-HER2 (clone 4B5, 

Ventana, Tucson, AZ, USA; pre-diluted), and anti-CK5/6 and anti-p63 (based on a 

previous study) [21]. IHC was optimized by evaluating serial sections with multiple 
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antibody concentrations using a Discovery Automated Immunostainer (Ventana 

Medical Systems, Tucson, AZ, USA).  

For Her2 testing, dual-color fluorescence in situ hybridization (FISH), using the 

PathVysion HER-2 DNA Probe Kit (PathVysion; Abbott Molecular, Des Plaines, IL, 

USA), and IHC were used in accordance with the guidelines of the American Society of 

Clinical Oncology (ASCO) [22]. After counting the signals of Her2 and those of 

centromeric enumeration probe 17 (CEP17) under a fluorescence microscope, a 

Her2/CEP17 ratio ≥ 2.0 was defined as amplification. 

 

Genomic DNA extraction  

Tumor and normal lymph node (reference) samples were obtained from 5 µm-thick 

tissue sections using a laser microdissection system (LMD6000; Leica Microsystems, 

Wetzlar, Germany) [20]. Briefly, each sample was dissected from an area ≥6 mm2. In 

tumor samples, neoplastic cells comprised 90% of the total cell count. The cells were 

digested with a 200 mg/mL proteinase K solution (P2308, Sigma-Aldrich, St. Louis, 

MO, USA) for 70 ± 2 h at 37°C prior to a phenol/chloroform DNA extraction. DNA 

quality was assessed based on the A260/A280 ratio (cut-off >1.5), A260/A230 ratio 

(cut-off >1.0), and the presence or absence of double-stranded DNA. 
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Whole genome amplification (WGA) 

Sample DNA was amplified using the GenomePlex Whole Genome Amplification Kit 

(WGA2 Kit; Sigma, St. Louis, MO, USA) according to the manufacturer’s protocol [23]. 

 

Array CGH 

For genomic DNA analysis, a 60-mer oligonucleotide CGH microarray (Agilent, Santa 

Clara, CA, USA) was used according to the manufacturer’s instructions [24]. The 

genomic DNA enzymatic labelling and subsequent array CGH was performed as 

previously described [20]. The tumor-to-reference fluorescence intensity ratio (T/R) was 

calculated from the hybridized array images obtained. The UCSC Genome Browser 

was used with the latest resource content: hg19 assembly - Design ID 021429 (GRCh 

Build 37). CNAs were defined as a gain, loss, and amplification when the base 2 

logarithm of the T/R ratio was >0.3219, <−0.3219, and >1.0, respectively. The 

microarray data were registered in the Gene Expression Omnibus (GEO) database 

(Accession number: GSE86988). 
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Validation of array CGH data by fluorescence in situ hybridization 

Using the samples positive for ERBB2 gene amplification, we compared FISH signal 

numbers and the T/R ratio of the array CGH. For dual-color FISH for ERBB2 gene 

amplification, we used PathVysion Her2 DNA Probe Kit, (Abbot Molecular Inc.). We 

randomly selected 7 and 8 samples from the sample groups that showed strong (3+) 

and weak (1+ or 2+) Her2 immunoreactivities, respectively.  

 

Clustering algorithm 

To enhance the signal-to-noise ratio in the hybridization analysis, we averaged the 

T/R ratio of the probes within each gene prior to performing the cluster analyses. The 

noise-canceling effect of averaging depends on the gene size (probe number within the 

gene), whereas the clustering reproducibility becomes lower as the gene number 

becomes smaller. Notably, larger gene sizes correspond to smaller gene numbers. 

Thus, we repeated the clustering analysis to determine the optimal gene size and 

number.  

To classify samples based solely on genome-wide similarities in gene copy-number 

gain/loss patterns, we performed an unsupervised hierarchical cluster analysis using a 

free software program (Cluster 3.0, version 1.52 and TreeView, version 1.1.6r2). The 

clustering results were assessed as previously described [20, 25, 26]. Briefly, we 
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repeated the clustering analysis using genes ranging from 370 genes containing ≥10 

probes to 9,487 genes containing ≥2 probes. We selected 2 gene size conditions that 

showed the highest reproducibility in clustering dendrograms, and then selected the 

condition with the highest proportion of sample sets that derived from the same tumor 

and showed the neighboring in the clustering dendrogram.  

The clustering condition was set to a complete linkage (maximum of distance metric 

on similarities) and the uncentered correlation distance (distance measures based on 

modified Pearson’s correlation).  

 

Statistical analysis 

The CNA differences for each gene between clusters A and B were statistically 

assessed in an unequal sample-size t-test (Welch’s t-test). A bilateral p-value of ≤0.05 

was considered statistically significant. For multiple comparisons, the t test was 

subsequently adjusted using the Bonferroni correction [25] (Microsoft Office Excel 

2013). To assess trend differences in either nuclear atypia or CNA accumulations 

between the 2 groups, a Fisher’s exact test (2 × 2 contingency tables) was performed 

(BellCurve for Excel, Social Survey Research Information Co., Ltd., Tokyo, Japan). 
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Results  

Immunohistochemistry 

The intrinsic subtype was estimated immunohistochemically on the basis of the 

clinico-pathological surrogate definitions of subtypes based on the 2013 St Gallen 

Consensus [27]; immunohistochemistry-based definition of luminal A-like tumors is ER-

positive, HER2-negative, Ki-67 index less than 14% and PR positivity more than 20% 

[28]. The 81 carcinoma samples were classified into 20 luminal A-like, 37 luminal B-like 

(HER2 negative), 6 luminal B-like (HER2 positive), 6 HER2 positive (non-luminal), and 

12 triple negative (ductal).  

 

Association of chromosomal CNAs with clinicopathological factors 

IDC and DCIS commonly showed gains of 1q, 5p, 8q, 11q13, 16p, 17q, and 21q and 

losses of 4q, 8p, distal 11q, 13q, 14q, 16q, 17p, and 22q, but different in the 

frequencies of 6q−, 11q−, and 22q− (Fig. 1a-d, Table 1). The chromosomal CNAs 

different in frequency between NG1 and NG2/3 samples, were 4q−, 16q−, and 22q− 

(Fig. 1e,f, Table 2a). Those different between luminal-like (ER+) and non-luminal-like 

(ER−) subtypes were 4q−, 7p+, 8q+, 10p+, 16q−, and 21q+ (Fig.1g, h, Table 2b). Only 

16q− was significantly different in frequency between the samples of N0 and N1 tumors 

(Fig.1i, j, Table 3).  
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Amplifications of 17q12 were found in 9/12 of the tumor samples that showed strong 

(3+) immunohistochemical expression of HER2 irrespective of DCIS or IDC.  

 

Validation of array CGH data by fluorescence in situ hybridization 

In the 7 samples with strong Her2 immunoreactivity, the T/R ratios of ERBB2 gene 

were 1.81 to 3.12 (average 2.53) and the FISH signal ratio was 2.4 to 5.8 (average 

4.2). In the 8 samples with weak Her2 immunoreactivity, the T/R ratios of ERBB2 gene 

were -0.93 to 0.03 (average -0.24), and the FISH signal ratio was 0.9 to 1.3 (average 

1.05), No gene amplification is detected in the samples with weak HER2 

immunoreactivity, and vice versa. 

 

Clustering of gene copy-number profiles 

The individual probe T/R ratios within a specified gene were averaged. The average 

T/R ratios of 30,471 gene regions were calculated from 55,023 probes. Genes selected 

based on size were subjected to an unsupervised hierarchical cluster analysis. After 

repeated clustering using varying minimum gene sizes, we found that the gene sizes of 

≥3 probes and ≥4 probes gave highest reproducibility of clustering results 

(Supplementary file 2). In the condition of a gene size ≥4 probes, all samples from the 
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same case were in the neighboring position in the clustering dendrogram, confirming 

the reproducibility of the CNA profile. Thus, we adopted this as the optimal condition for 

the unsupervised hierarchical clustering of all (cancer and papilloma) samples. This 

condition yielded 2 main clusters: A and B (Fig. 2). The cancer samples of cluster A 

showed a greater IDC/DCIS ratio, a higher ER−/ER+ (non-luminal/luminal) ratio, and 

higher nuclear grade than those in cluster B (Table 4). There were also tendencies for 

higher Ki-67 index, higher triple negative tumors in Cluster A. There was no difference 

in the frequency of lymph node metastasis between the clusters A and B. 

 

Lineage-specific chromosomal CNA profile 

The penetrance plots of clusters A and B revealed distinct chromosomal CNA profiles 

(Fig. 3). In addition to changes common to these clusters (a gain of 1q and stage-

specific losses of 6q and 16q), cluster A was characterized by gains of 5p, 16p, and 

21q and losses of 4p and 8p, whereas cluster B scarcely showed these changes (Table 

2c).  

 

Genes exhibiting significantly different CNAs between 2 major clusters 

We extracted 728 genes that show significantly different mean copy numbers 
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between clusters A and B in a t-test with Bonferroni correction. Out of the top 45 genes 

shown in Supplementary file 3a, 42 were protein-coding, including 10 genes that 

showed concordance between the gene CNA and chromosome CNA in cluster A. In 7 

of these 10 genes, gene function was relevant to the direction of CNA, i.e., gain and 

loss of protooncogene and tumor suppressor genes, respectively. These 7 genes 

included the proto-oncogene, LMO3, which reportedly plays a role in T cell leukemia 

and brain tumors. The other 3 genes, which included PIK3R5, showed a loss of gene 

and chromosome copy number. Notably, this loss is functionally opposite because the 

genes are protooncogenic. These genes may be passenger genes, and thus only 

useful as a lineage marker for the differentiation of clusters A and B.  

Of the 93 genes that were reported to be important in a next generation sequencing 

analysis of breast cancers [29], 44 genes showed statistically significant differences in 

the mean CNA between clusters A and B (Supplementary file 3b), and 9 genes 

(GATA3, TP53, TET2, NCOR1, NOTCH2, PIC3CA, CREBBP, MYC, and ERBB2 in 

decreasing order of significance) showed concordance between both the gene and 

chromosome CNAs and the function and gain/loss of genes. Of these genes, only 

GATA3 and TP53 remained significant after Bonferroni correction. GATA3 gain and 

TP53 loss were common in cluster A. 
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Discussion 

For validation of array CGH data, we utilized the samples with and without the 

overexpression (3+) of Her 2 protein and demonstrated almost complete concordance 

between array CGH and FISH results. In the absence of gene amplification, 

quantitative polymerase chain reaction (qPCR) as well as FISH is difficult to use for the 

validation of CNAs [20]. We attempted to cancel the noise inherent to FFPE tissues by 

averaging the T/R ratio of larger-sized genes. Using the internal standard mentioned in 

Methods, we optimized the gene size for the assessment of gene-level copy number 

alterations. Applying this method to the present breast cancer samples, we found 2,828 

genes of ≥4 probes as the optimal condition for unsupervised clustering. 

Next generation sequencing (NGS) showed that gene copy-number changes are 

more common than significant DNA sequence changes in cancers [29]. Additionally, 

recent NGS-based approaches to tumor heterogeneity demonstrated that 

chromosomal CNAs are the principal factor for tumor progression, whereas sequence 

changes of driver genes as well as chromosomal CNAs are important for the earlier 

phases of carcinogenesis [30]. In the present chromosome-level CNA analysis, our 

penetrance plot of IDC (invasive part) showed a gain/loss pattern very similar to recent 
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NGS data of 560 breast cancers [29], except for 9q loss, which was observed less 

frequently in our study.  

The chromosomal CNA profiles were similar between DCIS and IDC, as previously 

reported [15, 31], except for the scarcity of losses in 6q, 11q, and 22q in DCIS (Table 

1). Gains of 5p, 7, 11q, 16p, and 20q and a loss of 8p were previously reported to be 

more frequent in IDC than DCIS [32, 33]. In the present study, however, none of them 

showed statistically significant difference between DCIS and IDC. Other 

clinicopathological factors were correlated with characteristic chromosomal changes 

(Tables 2 and 3): 22q− correlated with high NG; 7p+, 8q+, and 10p+ with non-luminal-

like (ER−) subtypes; the absence of 16q− with lymph node metastasis. The 8q+, 17q+, 

and 8p− reported to be common in high-grade breast cancers [31] were not significant 

in our results. CNAs, including a gain of 1q and loss of 16q, were detected in nearly 

50% of IDCs and 25% of DCIS. All samples with both 1p+ and 16q− were luminal-like 

(ER+) type, as previously reported [34]. Problem is whether these changes are useful 

for the specification of progression-prone DCIS. Table 1 demonstrates that neither NG 

nor intrinsic subtype showed significant correlation with an IDC/DCIS ratio, which may 

be related to the risk of progression from DCIS to IDC. Thus, we analyzed the following 

gene-level CNAs to assess the outcome of individual tumors. 
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Under the above-mentioned optimal condition, the unsupervised hierarchical 

clustering gave 2 main clusters for all (cancer and papilloma) samples: A and B. The 

cancer samples of cluster A showed a greater frequency of chromosomal gain and 

loss, a greater IDC/DCIS ratio, a higher non-luminal-like/luminal-like (ER−/ER+) ratio 

and higher nuclear grade than cluster B (Table 4). Thus, the tumors of cluster A may be 

phenotypically less differentiated, and have accumulated a greater number of genomic 

changes (Figs. 2 and 3), reflecting higher level of genomic instability. The DCIS lesions 

in cluster A that correlates with high NG may be more progression-prone to IDC than 

those in cluster B. This is consistent with the previous notion that nuclear grade largely 

paralleled the total number of gene CNAs and the risk of progression from DCIS to IDC 

[31, 35].  

However, there was no difference in the frequency of lymph node metastasis 

between clusters A and B (Table 4) as well as between low and high NG and between 

ER+ and ER− tumors (Table 3). Additionally, Table 3 demonstrated that the 

accumulation of chromosomal CNAs was scarcely different between N0 and N1 

samples. The only chromosomal CNA significantly different between N0 and N1 was 

the absence of 16q loss in metastasis samples. This suggests that the metastasis risk 

might be determined in earlier phase of tumor development because the 16q loss is 
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common early event in breast carcinomas (Fig. 1). This point, whether 16q copy 

number is useful in the prediction of metastasis risk should be further studied using 

larger breast cancer cohorts.  

It seems that the metastasis risk and the progression risk form DCIS to IDC reflect 

different genomic and epigenomic features. In stomach cancers, we similarly found that 

the copy-number profiling approach could stratified tumor samples into rapidly and 

slowly progressive 2 groups, but no difference in metastasis risk was shown between 

these groups, whereas, different from the present study, metastatic gastric samples 

accumulated later chromosomal CNAs more frequently than the samples without 

metastasis (unpublished data).   

Of the 30,471 gene regions, 728 showed significant copy-number differences 

between clusters A and B. Among them, 9 genes (TP53, GATA3, CDKN2A, ATR, ATRX, 

PHF6, SMARCA4, APC, and ASXL1) were included in the breast cancer-related 93 

genes [29]. Of these 9 genes, only TP53 and GATA3 [36] remained significant after the 

Bonferroni correction and showed concordance between gene and chromosome 

changes and between gain/loss and gene function. The other genes showed 

discordance between gene function and copy-number changes, and thus may be 

passenger genes (Supplrmentary file 3b). Recent meta-analysis of 10 articles reported 
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that GATA3 expression was associated with better prognosis [37]. This seems 

contradictory to our result that invasion-prone tumors often showed GATA3 copy-

number gain. In our unpublished data, copy-number changes of GATA3 were not in 

parallel with its IHC results, which may reflect epigenetic regulations. 

Still currently, screening-positive patients are often treated with additional 

radiotherapy after segmental surgical excision. Such postoperative therapies can be 

individualized based on the progression risk of each DCIS; the targets can be 

pinpointed to invasion-prone DCIS, as detected in the present study. The genes we 

specified could be useful for a construction of a simple system for pinpointing the 

invasion-prone DCIS.   
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Figures 

Figure 1 Penetrance plots. a. ductal carcinoma in situ (DCIS, 24 samples); b. ductal 

part of invasive ductal carcinoma (IDC) (Cd, 22 samples); c. invasive part of IDC (Ci, 
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28 samples); d. nodal metastatic tumors of IDC (CL, 7 samples); e. low nuclear grade 

(NG1, 22 samples); f. high nuclear grade (NG2,3, 59 sample); g: luminal subtype (ER+, 

63 samples); h. (non-luminal subtype (ER−, 18 samples); i. nodal metastasis absent 

(N−, 37 samples); j. nodal metastasis present (N+, 20 samples). Yellow squares mark 

statistically significant changes. 

 

Figure 2 Unsupervised, hierarchical clustering using 81 samples and 2828 larger 

genes that contain ≥4 probes. The abbreviations of samples, D, Ci, Cd and CL indicate 

ductal carcinoma in situ (DCIS), ductal part of invasive ductal carcinoma (IDC), 

invasive part of IDC and lymph node metastasis, respectively. Copy-number gains and 

losses are indicated by green and red squares, respectively in the heat map. Beneath 

the dendrogram are 3 color bars. The top, the middle and the bottom indicate nuclear 

grade (dark green NG3; light green, NG2; yellow, NG1), intrinsic subtype (red, Her2; 

pink, luminal A; light blue, luminal B; gray, triple negative; green) and tumor 

stage (white, IDC; gray, DCIS), respectively. Blue squares indicate sample groups of 

the same case)  

 

Figure 3 Cluster-specific penetrance plots of ductal carcinomas. A. cluster A (50 
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samples); B. cluster B (31 samples). Yellow squares mark statistically significant 

changes. 

 

Supplementary files 

Supplementary file 1 Clinicopathological data of samples (XLSX 16 kb) 

 

Supplementary file 2 Clustering dendrograms with varying gene numbers and sizes. 

These ranged from 9487 genes containing ≥2 probes to 370 genes containing ≥10 

probes. Red horizontal lines indicate the border of 2 major clusters. (PDF 159 kb) 

 

Supplementary file 3 a. The top 45 genes with highly different mean copy numbers 

between clusters A and B. The gene are arranged in a decreasing order of significance. 

b. A list of 44 breast cancer-related genes [32], which showed significantly different 

mean copy numbers between clusters A and B. The 9 genes above the horizontal line 

remain significant after Bonferroni correction. In a and b, the order of samples is the 

same as that in Fig. 2. The copy number of each gene is shown as the tumor/reference 

fluorescence ratio. The orange and moss green indicate copy-number gain and loss, 

respectively. In the columns of chromosome arms, pink and deep green indicate gain 

and loss respectively. Light pink and light green indicate slight changes. The column of 
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concordance shows concordance or discordance of copy-number changes between 

gene and chromosome levels. The column of relevance shows whether the copy-

number changes are concordant to gene function for the expression of malignant 

phenotype. (PDF 1062 kb) 



P 
Low NG (1) 10 12 0.0986
High NG (2,3) 14 45
ER+ (Luminal A/B (Her2+/−)) 20 43 0.5637
ER− (Her2+/TN) 4 14
6q− 0 10 0.0290
absent 24 47
8p− 2 13 0.2094
absent 22 44
11q− 1 16 0.0167
absent 23 41
16p+ 2 10 0.4943
absent 22 47
20q+ 1 5 0.6641
absent 23 52
22q− 1 15 0.0300
absent 23 40

Table 1. Comparisons of clinicopathological features and chromosomal
changes between DCIS and IDC samples.

DCIS IDC



22 63 18 50 31
1q+ 21 9 0.7966 25 3 0.0938 17 11 1.0000
4p− 10 1 0.2731 5 6 0.0110 11 0 0.0055
4q− 13 0 0.0157 6 7 0.0067 10 3 0.3511
5p+ 8 1 0.432 6 3 0.4083 9 0 0.0112
7p+ 6 0 0.1824 2 4 0.0201 6 0 0.0774
8p− 12 3 0.7486 9 6 0.3399 15 0 0.0003
8q+ 13 1 0.0975 5 9 0.0201 11 3 0.1466
10p+ 6 0 0.1824 1 5 0.0017 6 0 0.0783
13q− 7 3 1.0000 10 0 0.1067 6 4 1.0000
14q− 8 0 0.0999 6 2 1.0000 7 1 0.1453
16p+ 11 1 0.1648 7 5 0.1262 11 1 0.0267
16q− 14 12 0.0148 25 1 0.0083 13 13 0.1501
17p− 13 1 0.0975 11 3 1.0000 12 2 0.0675
21q+ 7 0 0.1809 2 5 0.0052 7 0 0.0401
22q− 16 0 0.0042 14 2 0.5027 10 6 1.0000

Table 2: Differences in sample-based frequencies of chromosomal copy-number changes between high nad low nuclear grade (a), between
ER+ and ER− (b), and  between clusters A and B (c),

Cluster A P-value
Number of samples

Cluster BER−ER+

b c

Number of samples
P-valueLow NGHigh NG

59

P-value

a

Number of samples



P 
Low NG (1) 9 3 0.5098
High NG (2,3) 28 17
ER+ (Luminal A/B (Her2+/−)) 31 12 0.0594
ER− (Her2+/TN) 6 8
4p− 7 4 1.0000
absent 30 16
5p+ 3 3 0.6542
absent 34 17
6q− 4 6 0.1410
absent 33 14
14q− 5 3 1.0000
absent 32 17
16q− 17 2 0.0077
absent 20 18
17p− 8 6 0.7651
absent 29 18
22q− 10 6 1.0000
absent 27 14

Table 3. Comparisons of clinicopathological features and chromosomal
changes between N0 and N1 samples of 57 invasive ductal carcinomas

N0 N1



P

Mean gain regions 8.7 1.9 0.0023
Mean loss regions 6.2 2.2 0.0143
DCIS* 10 14 0.0239
IDC* 40 17
Low NG (1)* 7 15 0.0016
High NG (2,3)* 43 16
ER+ (Luminal A/B (Her2+/−))* 34 29 0.0117
ER− (Her2+/TN)* 16 2
Mean Ki-67 index of cancer cells 12.6 9.5 0.0672
N+ in IDC cases (30) 6 3 1.0000
N− 15 6
N+ in IDC samples (57)* 14 6 1.0000
N−* 26 11
* Described in sample numbers

B (n=31)A (n=50)

Table 4. Comparisons of breast carcinomas between Lineages A and B
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Patient
number

No. Age TNM Stage Component
Nuclear
atypia

ER(%) PgR(%) HER2 MIB-I(%) Subtype

#1 C1i 49 1/0/0 I Invasive 2 0 0 3 29 HER2 positive(non-luminal)
#1 C1d Ductal 3 0 0 3 15 HER2 positive(non-luminal)
#2 C2i 53 2/0/0 IIA Invasive 2 30 0 0 37 Luminal B-like(HER2 negative)
#2 C2d Ductal 2 12 0 0 30 Luminal B-like(HER2 negative)
#3 C3i 62 1/0/0 I Invasive 2 100 0 1 6 Luminal B-like(HER2 negative)
#3 C3d Ductal 2 100 0 0 6 Luminal B-like(HER2 negative)
#4 C4i 62 2/0/0 IIA Invasive 2 80 0 1 2 Luminal B-like(HER2 negative)
#4 C4d-m Ductal 2 90 0 1 5 Luminal B-like(HER2 negative)
#4 C4d-s Ductal 2 90 0 1 5 Luminal B-like(HER2 negative)
#5 C5i 62 1/1/0 IIA Invasive 1 100 1 1 7 Luminal B-like(HER2 negative)
#5 C5d Ductal 1 100 70 0 3 Luminal A-like
#6 C6i 83 1/0/0 I Invasive 2 100 0 3 13 Luminal B-like(HER2 positive)
#6 C6d Ductal 1 100 1 2 6 Luminal B-like(HER2 negative)
#7 C7i 37 1/1/0 IIA Invasive 2 99 90 0 17 Luminal B-like(HER2 negative)
#7 C7d Ductal 2 100 60 1 5 Luminal A-like
#7 C7L LNs meta 2 100 40 0 27 Luminal B-like(HER2 negative)
#8 C8i 43 2/0/0 IIA Invasive 1 90 90 1 13 Luminal A-like
#8 C8d Ductal 1 99 100 1 7 Luminal A-like
#9 C9i 35 1/0/0 I Invasive 2 98 0 0 25 Luminal B-like(HER2 negative)
#9 C9d Ductal 1 100 0 0 8 Luminal B-like(HER2 negative)

#10 C10i 46 1/0/0 I Invasive 1 98 90 1 33 Luminal B-like(HER2 negative)
#11 C11i 73 1/0/0 I Invasive 2 100 50 0 15 Luminal B-like(HER2 negative)
#12 C12i 50 1/0/0 I Invasive 1 98 40 1 9 Luminal A-like
#12 C12d Ductal 1 98 10 0 4 Luminal B-like(HER2 negative)
#13 C13i-w1 57 1/1/0 IIA Invasive 1 100 70 0 16 Luminal B-like(HER2 negative)
#13 C13L-w1 LNs meta 2 100 90 0 15 Luminal B-like(HER2 negative)
#14 C14i 47 2/1/0 IIB Invasive 2 70 0 0 10 Luminal B-like(HER2 negative)
#14 C14d Ductal 2 80 0 0 5 Luminal B-like(HER2 negative)
#14 C14L LNs meta 2 90 10 0 10 Luminal B-like(HER2 negative)
#15 C15i 45 1/0/0 I Invasive 1 70 10 1 10 Luminal B-like(HER2 negative)
#15 C15d Ductal 1 80 20 1 10 Luminal A-like
#16 C16i 52 1/0/0 I Invasive 2 50 90 1 18 Luminal B-like(HER2 negative)
#16 C16d Ductal 2 50 80 1 20 Luminal B-like(HER2 negative)
#17 C17i-w2 84 1/0/0 I Invasive 2 100 0 0 5 Luminal B-like(HER2 negative)
#17 C17d-w2 Ductal 2 100 30 0 3 Luminal A-like
#18 C18i 81 2/1/1 IV Invasive 3 0 0 1 20 Triple negative
#18 C18d Ductal 3 0 0 1 20 Triple negative
#18 C18L LNs meta 3 0 0 1 18 Triple negative
#19 C19i 51 2/1/0 IIB Invasive 3 70 5 3 15 Luminal B-like(HER2 positive)
#19 C19d Ductal 3 70 5 3 14 Luminal B-like(HER2 positive)
#20 C20i 42 1/0/0 I Invasive 2 90 5 0 10 Luminal B-like(HER2 negative)
#20 C20d Ductal 2 90 5 0 5 Luminal B-like(HER2 negative)
#21 C21i 63 2/0/0 IIA Invasive 2 100 0 0 15 Luminal B-like(HER2 negative)
#21 C21d Ductal 2 90 0 0 10 Luminal B-like(HER2 negative)
#22 C22i 78 1/0/0 I Invasive 2 100 5 1 20 Luminal B-like(HER2 negative)
#23 C23i 55 1/0/0 I Invasive 3 100 0 0 25 Luminal B-like(HER2 negative)
#24 C24d 33 1/0/0 I Ductal 2 100 60 0 5 Luminal A-like
#25 C25L 58 1/1/0 IIA LNs meta 2 50 0 0 20 Luminal B-like(HER2 negative)
#26 C26i 58 1/1/0 IIA Invasive 3 0 0 1 15 Triple negative
#26 C26L LNs meta 3 0 0 0 15 Triple negative
#27 C27i 64 2/0/0 IIA Invasive 3 0 0 0 10 Triple negative
#28 C28i 35 2/0/0 IIA Invasive 2 0 0 0 1 Triple negative
#28 C28d Ductal 2 0 0 0 1 Triple negative
#29 C29i 61 1/1/0 IIA Invasive 2 0 0 0 3 Triple negative
#29 C29L LNs meta 2 0 0 0 30 Triple negative
#30 C30i 59 1/0/0 I Invasive 3 0 0 0 18 Triple negative
#30 C30d Ductal 3 0 0 0 13 Triple negative
#31 D1 79 0 DCIS 1 100 15 0 1 Luminal B-like(HER2 negative)
#32 D2 51 0 DCIS 2 100 10 0 2 Luminal B-like(HER2 negative)
#33 D3 40 0 DCIS 2 60 60 1 4 Luminal A-like
#34 D4 52 0 DCIS 2 0 0 3 10 HER2 positive(non-luminal)
#35 D5 46 0 DCIS 2 90 90 0 13 Luminal A-like
#36 D6-m 49 0 DCIS 1 95 70 2 12 Luminal A-like
#36 D6-s DCIS 1 99 30 2 10 Luminal A-like
#37 D7 53 0 DCIS 3 40 10 0 20 Luminal B-like(HER2 negative)
#38 D8 52 0 DCIS 2 90 95 2 7 Luminal A-like
#13 D9-w1 57 0 DCIS 1 100 50 1 7 Luminal A-like
#39 D10 64 0 DCIS 2 80 20 0 2 Luminal A-like
#40 D11 51 0 DCIS 1 90 60 1 1 Luminal A-like
#41 D12 44 0 DCIS 1 99 95 1 10 Luminal A-like
#41 P12 0 DCIS 1 80 80 0 3 Luminal A-like
#42 D13 63 0 DCIS 2 0 0 3 25 HER2 positive(non-luminal)
#43 D14 57 0 DCIS 3 0 0 3 10 HER2 positive(non-luminal)
#17 D15-w2 84 0 DCIS 2 0 0 3 10 HER2 positive(non-luminal)
#44 D16 68 0 DCIS 1 100 0 0 3 Luminal B-like(HER2 negative)
#45 D17 61 0 DCIS 2 100 0 3 10 Luminal B-like(HER2 positive)
#46 D18 52 0 DCIS 1 5 0 3 3 Luminal B-like(HER2 positive)
#47 D19 35 0 DCIS 1 100 0 1 5 Luminal B-like(HER2 negative)
#48 D20 56 0 DCIS 2 5 0 3 10 Luminal B-like(HER2 positive)
#49 D21 59 0 DCIS 2 100 30 0 5 Luminal A-like
#50 D22 49 0 DCIS 2 100 80 0 5 Luminal A-like
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Supplementary file 3

Name of 
Genes

Ch # (A 
invasive)

Ch # (B 
invasive) Function t test Gene/chr 

concordance
Functional 
relevance C5d C5i C10i C12d C12i C9d C9i C6d C6i D8 D7 C1d C1i D4 C4d-s C4d-m C4i C19d C19i D3 D20 C18d C18i C18l C25l D14 C3d C3i D5 C17d-

w2
C17i-
w2

D17-
w2 D15 C27i C29i C29l C23i C30d C30i C24d C28d C28i D2 C14l C14i C14d C2d C2i C21d C21i C16d C16i D10 C26i C26l C7d C7i C7l C8d C8i C11i C13i-

w1
C13l-
w1 D9-w1 D6-m D6-s C15d C15i D12 P12 C22i D11 D16 D22 D1 D19 D18 D21 C20d C20i D17

PIK3R5 17p 17p P 7.06E-19
concordant（
A)/discordant 
(B)

X(A), OK(B) -0.5 -0.3 -0.3 0.05 0.11 -0.3 -0.6 -0.6 -0.7 -0.2 -1.5 -0.4 -0.3 -0.3 -0.5 -0.2 -0.1 -0.6 -0.7 -0.5 -0.7 -0.8 -0.9 -0.1 -0.3 -0.5 -1.2 -0.6 -0.4 -0.5 -0.3 -0.5 -0.7 0 -1 -0.5 -0.3 0 -0.8 -0.1 -0.5 -0.9 -0.3 -0.9 -0.1 -0.1 -0.5 -0.4 -1 -1.2 0.34 0.13 0.45 -0.2 0.74 0.12 0.17 -0.1 0.08 0.29 0.21 0.22 0.14 -0.1 0.14 0.15 0.26 0.2 0.12 0.3 0.41 0 0.26 0.51 0.68 0.02 0.62 -0.2 0.21 0.47 -0.1

CDK8 13q 13q P 8.87E-16
concordant（
A)/discordant 
(B)

X(A), OK(B) -0.6 -0.3 -0.5 -0.1 -0.3 -0.7 -0.1 -0.6 -0.4 0.03 -0.1 0.24 0.4 -0.4 0.01 -0.2 -0.1 -0.2 -0.4 -0.6 -0.2 0.38 -0.1 0.01 -0.2 -0.9 -0.8 -0.5 0 -0.1 0.1 0 -0.4 -0.2 -0.6 -0.2 0.04 -0.3 -0.4 0.39 -0.7 0.09 -0.1 -1 -0.2 0.09 -0.5 -0.6 -0.5 -0.5 0.53 0.48 -0.1 0.06 0.3 0.19 0.51 0.39 0.06 0.11 0.1 -0.4 0.25 0.1 0.2 0.48 0.35 0.29 0.07 0.12 0.33 0.21 0.18 0.25 0.85 0.56 0.57 0.24 0.78 0.42 0.13

TMC1 9q 9q 3.57E-14 0.03 -0.1 0.09 0.14 0 0.45 0.5 0.47 0.63 0.28 0.73 0.28 0.22 0.08 0.19 0.16 0.05 0.21 0.12 0.33 0.24 0.12 0.23 -0.2 0.11 0.4 0.39 0.49 0.09 0.07 0.04 0.16 0.07 0.52 0.08 0.18 -0.1 0.34 0.38 -0.1 0.42 0.6 0.03 0.31 -0.1 -0.2 0 -0.1 0.16 0.19 -0.3 -0.3 -0.3 -0.1 -0.4 0.01 0.04 -0.2 0 -0.4 0.01 -0.2 -0.1 0.22 0 0 -0.3 -0.2 0 0.05 -0.4 -0.2 -0.2 0.06 -0.3 -0.4 0.01 0.02 -0.5 -0.6 0.01
BC039521 5.53E-13 0 0 -0.3 -0.2 -0.1 0 0.36 0.47 0.36 0.14 1.14 0.27 -0.1 0.03 0.37 0.45 0.05 0.63 0.82 0.94 0.46 0.48 0.58 -0.1 0.38 0.37 0.93 1.46 0.48 0.43 0.38 0.48 1.33 1.2 0.65 0.71 0.16 0.82 0.73 -0.2 0.28 0.42 -0.2 0.39 -0.2 -0.1 0.1 0.18 -0.7 -0.7 -0.9 -0.7 -0.5 -0.4 -1.2 0 0.12 0.11 0 -0.2 -0.1 0 -0.1 0.17 -0.1 -0.2 -0.5 -0.4 -0.3 -0.3 -0.6 -0.1 0.14 -0.4 -0.6 -0.6 -0.6 -0.4 -0.8 -0.7 -0.5

MED19 11q 11q 6.41E-13 0.54 0.21 0.18 0.08 0.05 -0.2 0.18 0.59 0.84 0.22 1.01 0.34 0.65 0.05 0.43 0.13 0.12 0.3 0.42 0.57 0.22 0.23 0.54 -0.2 0.32 0.91 1.2 1.34 0.64 0.6 0.58 0.37 1.13 0.65 0.77 1.14 -0.3 0.42 0.66 0.14 0.89 1.08 0.21 0.52 -0.5 -0.3 0.06 -0.2 0 -0.1 -0.4 0.01 0.13 -0.1 -0.9 -0.1 -0.1 0.11 -0.2 -0.3 -0.1 -0.1 -0.4 -0.2 -0.1 -0.1 -0.5 -0.2 0 0.03 -0.2 -0.4 -0.2 -0.1 -0.2 -1.6 -0.5 -0.5 -1.2 -1.1 -0.3

F11R 1q 1q P 7.47E-13
concordant 
(A)/discordant 
(B)

OK (A) 0.23 0.08 0.17 0.21 0.12 0.13 0.07 0.12 0.44 0.6 0.09 0.17 -0.1 0.39 0.46 0.65 0.62 0.25 0.68 1.06 0.63 0.56 0.41 0.11 0.64 0.73 1.01 1.19 0.72 0.61 0.47 0.66 1.15 1.41 1.16 1.28 0.05 0.55 0.69 0.15 0.85 0.92 0.21 0.59 -0.4 -0.1 0.28 0.3 -0.3 -0.1 -0.1 0.11 0 0.22 -0.3 -0.2 -0.3 -0.2 0.07 0.1 0.14 0.1 0 0.22 -0.2 0.03 -0.2 0.22 0.02 0.39 0.2 -0.4 0 -0.5 -0.4 -1.2 -0.2 -0.2 -1.1 -1 -0.3

USP30 12q 12q 8.83E-13 -0.4 -0.2 -0.2 0.04 0.04 0 0.21 -0.5 -0.2 -0.1 -1.1 -0.3 -0.6 -0.2 -0.2 -0.3 -0.2 -0.1 -0.5 -0.9 -0.1 -0.1 0 0.3 0.14 -0.4 -0.6 -0.7 -0.2 -0.1 -0.3 -0.2 -0.3 -0.3 -0.7 -0.5 0.23 0.11 0.21 -0.3 -0.6 -0.4 -0.4 -0.6 0.02 -0.1 -0.3 -0.1 -0.4 -0.4 0.6 0.4 0.23 -0.2 0.35 0.45 0.32 0.51 0.08 0.17 0.11 -0.2 -0.1 -0.1 0.18 0.1 0.61 0.51 -0.1 0 0.09 0.43 0.26 0 0.15 0.06 0.13 -0.1 0.12 0.29 0.68

MAEL 1q 1q P 4.75E-12
concordant 
(A)/discordant 
(B)

OK (A) 0.81 0.44 -0.2 0.07 0.53 0.59 0.31 0.82 1.1 0.38 0.82 0.22 0.02 0.35 0.61 0.98 0.65 0.5 0.72 0.9 0.54 0.49 0.43 0.41 0.32 0.39 0.72 0.59 0.33 0.14 0.29 0.44 0.5 1.95 0.92 1.18 0.82 1.46 1.17 -0.1 0.37 0.4 0.11 0.85 0.17 0.21 0.22 0.35 0.59 0.63 -0.2 0 0.04 0.21 0.24 -0.1 0.03 0.06 0.02 0.02 0.09 -0.5 -0.4 0.26 0.01 0.21 0.38 0.33 0.07 0.28 0.77 0.03 0.21 -0.5 -0.4 -0.6 -0.1 -0.3 -0.4 -0.7 -0.1

AGRN 1p 1p 8.41E-12 1.61 1.26 0.6 0.51 0.74 1.06 1.05 2.3 2.25 1.48 1.97 1.02 0.59 0.93 0.52 1.01 0.74 1.05 1.94 1.57 1.39 1.45 1.7 0.8 0.73 1.38 1.32 2.11 1.37 1.82 1.67 1.79 2.32 2.32 1.65 2.31 0.07 2.01 2.58 1.57 2.79 1.4 -0.1 0.43 0.18 -0.1 0.16 -0.1 -0.4 -0.4 0.16 0.36 0.42 0.6 -0.7 0.51 0.41 0.88 1.12 0.32 0.46 0.58 0.3 0.59 0.18 0.51 -0.1 0.14 0.79 0.66 0.03 0.11 0.36 1.12 -0.7 -0.9 -0.2 0.3 0.01 -0.1 0.21
TTRAP 6p 6p TSG 8.97E-12 -1 -0.3 -0.4 0 0.16 -0.7 0.51 -1.3 -1.2 -0.6 -0.8 0 0.13 0.14 -0.1 -0.2 -0.3 -0.7 -0.6 -1 -0.8 -0.1 -0.4 0.1 0.05 -0.7 -1.1 -0.5 -0.2 0.41 -0.5 -0.1 -0.1 -0.5 -0.4 -1.2 -0.4 -1.1 -0.6 -0.3 0.11 -0.9 -0.1 -0.6 -0.3 -0.2 -0.1 0.13 0.44 0.28 0.42 -0.3 0.15 0.27 -0.3 -0.3 0.38 0.45 -0.1 0.08 0 0.59 0.72 0.33 -0.1 -0.1 0.01 0.16 0 0.1 -0.1 0.4 0.31 0.92 0.46 0.39 0.51 0.43 0.69 1.24 0.45
RARB 3p 3p TSG 1.14E-11 0.2 -0.1 -0.2 0.2 0.07 -0.1 0.01 0.5 0.34 0.61 0.66 -0.2 0.04 -0.1 0.27 0.24 0.13 0.06 0.31 0.56 0.37 0.17 0.31 0 0.44 0.27 0.69 0.75 0.38 0.29 0.24 0.3 0.29 0.51 0.14 0.1 0.05 0.02 0.32 0 0.4 0.28 0.08 0.48 -0.3 -0.1 -0.5 -0.1 0.16 0.18 -0.2 -0.2 -0.1 -0.3 -0.5 0.06 -0.3 -0.3 -0.3 -0.2 0 -0.4 -0.4 0 0.23 0 -0.1 0 -0.2 0 -0.2 0 0 -0.2 -0.3 -1.1 -0.2 -0.2 -0.5 -0.5 -0.1
GJC1 17q 17q 1.37E-11 0.16 -0.2 -0.1 -0.3 -0.2 0.09 0.03 -1.8 -1.6 -0.5 -0.5 -0.3 -0.1 -0.3 0 -0.3 -0.2 -0.6 -0.5 -0.5 -0.9 -0.3 -0.5 -0.4 0.37 -0.7 -1.1 -1 0.08 -0.5 -0.4 -0.2 -0.7 -1 -1.8 -0.9 -0.7 -0.4 -0.6 -0.2 -1.3 -2.5 -0.4 -0.7 0.17 0.28 -0.5 -0.5 0.05 -0.1 0.54 0.42 0.27 -0.5 0.09 -0.6 -0.3 0 0.32 0.56 0.2 -0.2 0.38 0.23 -0.1 -0.2 0.18 0.47 0.13 0.24 -0.3 0.17 0 0.56 0.27 0.51 0.36 0.64 1.27 1.67 0.44

RNF2 1q 1q TSG 1.47E-11
concordant 
(A)/discordant 
(B)

X(A), OK(B) 0.19 0.15 -0.2 -0.1 0.02 -0.1 0.3 0.44 0.58 0.45 0.09 0 -0.2 0.26 0.5 0.87 0.84 0.57 0.5 0.71 0.02 0.47 0.61 0.27 0.02 0.39 0.39 0.64 0.32 0.36 0.45 0.48 0.36 1 0.41 0.93 0.08 0.18 -0.3 0.27 -0.1 0.49 0 0.55 0.38 0.32 0.15 0.28 0.26 0.31 -0.1 0 -0.3 0.05 -0.4 0 0 -0.1 -0.4 -0.2 -0.3 -0.7 -0.4 -0.1 0.11 -0.2 0.12 0.21 0.32 0.23 0.09 0 0.18 0.01 0.01 -0.5 -0.1 0.13 -0.6 -0.3 -0.1

AB231754 1.53E-11 -0.1 -0.3 -0.6 0 -0.1 -0.2 0.29 -0.6 -0.3 0 0.19 -0.4 -0.3 0.68 -0.4 -0.7 -0.4 -0.8 -0.9 -0.7 -0.9 -0.2 -0.2 -0.2 0.23 -0.7 -0.5 -0.4 -0.3 -0.2 -0.5 -0.3 -0.5 -0.6 -0.6 -0.3 0.01 0.02 -1.5 0.17 -1 -1.1 -0.9 -0.9 -0.1 -0.6 -0.4 -0.2 -0.4 -0.4 0.43 0.38 0.56 -0.2 0.6 0.14 0.13 0.1 0.15 -0.1 -0.1 0.12 0.27 0.14 0.19 0.07 -0.1 -0.1 -0.1 0.05 0 -0.1 -0.3 0.08 0.41 0.08 0.11 -0.1 0.23 0.25 -0.3
SFRS6 20q 20q 1.71E-11 0.68 0.28 0.15 0.19 0.37 0.26 0.11 1.21 0.99 0.62 1.79 0.56 0.86 0.23 0.17 0.33 0.42 0.53 0.59 0.74 0.24 -0.1 0.05 0 0.43 0.36 0.84 1.04 0.4 0.37 0.55 0.49 0.51 0.72 0.48 0.71 -0.1 0.09 -0.2 -0.1 0.58 0.01 0.34 0.3 -0.3 -0.1 0.04 0 0 0 -0.1 -0.1 0.44 0.07 -0.6 -0.4 -0.2 -0.4 -0.1 0 0.05 -0.6 -1 -0.2 0 0.12 -0.3 -0.2 0 0 -0.6 -0.2 0.09 -0.7 -0.4 -1.1 -0.1 -0.2 -0.6 -0.8 0
SPSB4 3q 3q 1.89E-11 0.14 -0.6 0.1 -0.2 0.13 -0.7 0.12 -0.1 -0.1 -0.8 -0.5 0 -0.1 -0.3 -0.1 -0.4 0 -0.4 -0.5 -0.6 -0.2 -0.3 -0.2 0.1 -0.5 -0.4 -1.7 -0.7 -0.5 -0.6 -0.4 -0.5 -0.5 0.45 -0.4 -0.1 0.2 -0.4 -0.6 -0.3 -0.1 -0.2 -0.1 -0.3 0.33 0.09 0.13 0.15 -1.4 -1.9 0.29 0.26 0.29 -0.4 0.63 0.13 0.27 0.38 0.6 0.82 0.32 0.34 0.82 0.25 0.05 -0.3 -0.2 0.01 0.26 0.2 0.52 -0.2 -0.1 0 0.12 0.01 0.42 0.09 -0.2 0.04 0.3

TP53I11 11p 11p 2.11E-11 0.45 0.22 0 0.08 0.26 -0.1 0.44 0.74 0.54 0.46 1.31 0.03 0.16 -0.5 0.55 0.28 0.3 0.26 0.43 0.72 0.16 0.2 0.29 -0.3 0.3 0.66 1.06 1.02 0.29 0.4 0.5 0.29 0.57 0.52 0.67 0.76 0.01 0.62 0.32 0.22 1.38 1.2 0.1 0.24 -0.6 -0.2 -0.2 -0.2 -0.5 -0.5 -0.5 -0.2 -0.1 -0.1 -0.6 0.07 0.24 0 0.1 -0.1 -0.1 -0.3 -0.5 -0.1 -0.1 0 -0.6 -0.5 -0.2 -0.1 -0.2 -0.2 0.03 0.1 -0.2 -1.4 -0.2 -0.3 -0.8 -0.8 -0.3
SYCP1 1p 1p 2.38E-11 0.56 0.29 0 0.05 0.13 0.43 0.09 0.73 1.03 0.39 1.21 -0.3 -0.2 -0.2 0 -0.1 0 0.55 0.4 0.36 -0.1 0.13 -0.1 0.11 -0.1 -0.2 0.67 0.8 0.18 0.26 0.66 0.35 0 0.18 0.27 0.61 -0.2 0.17 -0.1 0.27 0.01 -0.1 -0.1 0.77 -0.2 0.11 -0.1 -0.2 0.1 0.14 -0.3 -0.2 -0.2 0.07 -0.4 0 0 -0.3 -0.1 -0.2 -0.1 -0.1 -0.3 0.29 -0.1 0 -0.1 -0.3 -0.1 -0.2 -0.2 -0.1 -0.2 -0.2 -0.1 -0.5 -0.1 0.05 -0.2 -0.5 -0.3
GBP6 1p 1p 2.53E-11 0.27 -0.1 0.24 0.14 0.05 0.04 0 0.49 0.71 0.32 0.05 0.05 0.23 -0.1 0.15 0.25 0.01 0.6 0.57 0.88 0.53 0 0.24 -0.4 -0.1 0.99 1.43 1.33 0.64 0.28 0.19 0.21 0.51 0.53 1.24 1.1 -0.7 0.21 0.45 0.02 0.3 -0.1 -0.1 0.83 -0.5 -0.3 -0.2 -0.3 -0.5 -0.3 -0.9 -0.8 -0.4 0 -1 0.11 -0.1 -0.8 0.24 0.35 0.18 0.51 0.43 -0.3 -0.1 0 -0.6 -0.5 -0.5 -0.4 -0.5 -0.8 -0.5 -0.5 -0.7 -0.9 -0.4 -0.4 -1.2 -1 -0.5
U2AF1 21q 21q 3.67E-11 0.13 0.2 0.07 -0.1 -0.1 -0.1 -0.2 0.81 0.17 0.14 0.79 -0.3 0.06 0 0.06 0.15 0.3 0.15 0 0.48 0.09 0.26 0.28 0.07 0.2 0.78 0.55 0.62 0.22 0.5 0.16 0.57 0.38 1.46 0.36 0.69 0.37 0.54 0.6 0.23 0.78 0.69 0 0.17 -0.1 -0.2 0.26 0.31 -0.1 -0.1 -0.2 -0.2 0.05 0.16 -0.3 -0.2 -0.3 0.01 -0.2 0 -0.3 -0.3 -0.7 -0.6 -0.4 -0.4 -0.1 0 -0.2 -0.3 -0.1 -0.2 -0.1 0.06 -0.5 -0.6 -0.1 -0.4 -0.2 0.15 -0.2

LMO3 12p 12p P 3.88E-11
concordant 
(A)/discordant 
(B)

OK(A) 0.51 0.29 -0.2 0.25 0.51 0.37 0.2 0.54 0.55 -0.1 1.55 0.34 0.04 -0.1 0.19 0.31 0.17 0.66 0.85 0.4 0.45 0.28 0.33 0 0.06 0.46 0.55 0.75 0.37 0.5 0.26 0.4 0.08 0.34 0.35 0.3 0.13 0.44 0.87 0.07 0.24 0.16 0.17 0.28 -0.2 -0.1 -0.4 -0.1 -0.1 -0.2 -0.3 -0.1 0 0.33 -0.2 0.02 -0.5 -0.1 -0.2 -0.2 0.26 -1.1 -0.4 -0.3 -0.1 0.14 -0.3 -0.1 0.01 -0.1 -0.2 -0.3 -0.2 -0.1 -0.4 -1 0 0 -0.5 -0.4 -0.1

AL832136 3.93E-11 0.21 0.21 0.07 0 0.08 -0.4 0.16 0.3 0.34 0.09 0.87 0.06 0.37 -0.4 0.2 0.22 0.21 0.22 0.48 0.74 0.73 0.59 0.46 -0.4 0.38 0.56 1.12 1.12 0.24 0.33 0.3 0.37 0.5 0.71 1.19 1.04 -1 0.35 0.8 -0.4 1.11 0.83 0.06 0.57 -0.4 -0.4 -0.4 -0.7 0.19 0.3 -0.5 -0.4 -0.1 -0.6 -1 0.13 -0.3 0 0.21 0.21 -0.3 -0.1 -0.3 0 0.21 -0.1 -0.4 -0.4 -0.3 0 -0.7 -0.3 -0.3 -0.4 -0.6 -2.2 -0.1 -0.3 -1 -1 -0.2
AKAP8 19p 19p 4.09E-11 -0.3 0 -0.3 -0.1 0.03 -0.5 0.07 0.22 -0.5 0.07 -0.6 0.11 0.05 -0.2 0 -0.3 -0.5 -0.4 -0.4 -0.4 -0.1 -0.2 -0.3 -0.1 -0.2 -0.2 -0.9 -0.4 -0.1 0 -0.1 0.05 -0.6 0.07 -0.5 -0.3 0.48 0.41 -0.3 -0.2 -1.3 -0.5 -0.3 -0.6 -0.1 -0.3 0 -0.1 -1 -1.2 0.56 0.54 0.16 0.23 0.35 0.21 0.12 0.09 0.05 0.37 0 0.16 0.17 0 0.38 0.42 0.3 0.08 0.25 0.2 0.19 0.01 -0.1 0.05 0.23 0.24 0.15 0 0.12 0.25 1.36

R3HCC1 8p 8p 4.47E-11concordant (A, 
(B)) 0.18 0.01 0.25 0 -0.1 -0.3 -0.3 0.02 -0.4 -0.1 0.12 -0.9 -0.9 0.14 -0.2 -0.5 -0.3 -0.3 -0.8 -1.4 -1.1 -0.3 -0.8 0.56 -0.6 -0.5 -0.7 -1.2 0 0.14 -0.4 -0.3 -1.2 0.1 -1 -0.5 -1 -2.1 -0.2 0 0.08 0.65 -0.8 -0.2 0.5 0.42 -0.8 -0.8 -1.1 -1.6 1.01 1.08 1.28 -0.3 0.44 0.11 -0.3 0.09 0.11 0.31 -0.2 0.07 -0.1 0.35 0.15 -0.1 0.13 0.68 0.37 0.45 -0.2 0.1 0.26 1.07 0.8 0.53 -0.1 0.72 0.35 0.57 -0.2

PRRX1 1q 1q P 4.63E-11
concordant 
(A)/discordant 
(B)

OK(A) -0.1 0.33 -0.7 0.01 0.05 0.16 -0.1 0.2 0.08 -0.1 0.29 -0.1 -0.1 0.02 0.73 0.66 0.72 0.47 0.58 0.64 0.1 0.28 0.1 0 -0.1 0.08 0.97 0.83 0.47 0.07 0.27 0.33 0.32 1.53 0.55 0.92 0.05 -0.2 0.22 0.12 -0.4 -0.4 -0.2 0.64 -0.2 0.07 0.26 0.05 -0.1 -0.2 -0.3 0.02 -0.3 0.15 -0.5 0 0.17 -0.2 0 -0.1 0 -0.7 -0.3 0.14 0 0 -0.2 -0.4 0 0.1 0 -0.3 -0.2 -0.8 -0.7 -0.9 -0.2 -0.2 -1.1 -1.1 -0.6

RGSL1 1q 1q P 6.87E-11
concordant 
(A)/discordant 
(B)

OK(A) -0.5 0.14 0.12 0.02 0.05 0.41 0.17 0.39 0.59 0.25 -0.3 0.39 0.08 0.66 0.7 0.89 0.81 0.77 0.71 0.48 0.34 0.38 0.4 0.21 0.29 0.24 0.36 0.43 0 -0.1 0.06 0.01 0.24 1.12 0.34 0.53 0.02 0.46 0.01 0.02 0.56 0.72 0.02 0.75 0.18 0.23 0.38 0.24 0.37 0.49 0.05 0.17 0 -0.1 -0.4 0.23 0.01 0 -0.2 -0.1 -0.3 -0.3 -0.6 -0.2 0.08 0.26 0.03 0.1 0.24 0.31 0.1 -0.1 -0.2 -0.4 -0.2 -0.4 0.2 0.09 -0.4 -0.5 0.03

CCNC 6q 6q TSG 7.09E-11
discordant 
(A)/concordant(
B)

OK(B) -0.1 0 -0.1 -0.2 -0.1 0.13 0.09 0.39 1.18 -0.1 1.04 0.21 0 0.14 -0.1 0.04 -0.2 -0.2 -0.2 0.14 -0.2 0.12 -0.3 -0.1 0.16 0.38 0.53 0.9 0.52 0.16 0.34 0.27 1.09 0.75 0.39 0.43 -0.4 0.14 -0.2 0.09 -0.1 -0.3 0.03 0.13 -0.4 -0.6 -0.3 0.12 -0.4 -0.5 -0.3 -0.3 -0.1 0 -0.6 -0.4 -0.3 -0.7 -0.4 -0.5 -0.4 -0.4 -0.6 -0.4 0.05 -0.5 -0.4 -0.2 -0.2 -0.3 -0.3 -0.4 -0.3 -0.3 -0.5 -0.7 0.11 0.05 -0.2 -0.1 -0.2

ZNF100 19p 19p 7.83E-11 0.42 0.16 0.12 -0.1 0.09 -0.2 0.02 0.61 0.83 0.44 1.69 0 -0.1 -0.1 0.02 0.14 0.27 0.25 0.32 0.4 0.06 0.22 0.24 -0.1 -0.1 0.46 0.4 0.4 0.14 0.21 0.3 0.2 0.51 0.52 0.4 0.68 -0.1 0.09 0 -0.1 1.38 1.71 -0.1 0.08 -0.4 -0.2 -0.3 -0.1 0 -0.2 -0.3 -0.3 -0.1 -0.1 -0.7 0.03 0 0.25 -0.2 0.04 -0.2 -0.2 -0.4 -0.1 -0.1 0.07 -0.3 -0.1 0.08 0 -0.1 -0.3 -0.4 -0.5 -0.2 -1 -0.3 -0.5 -0.9 -0.7 -0.4
MORC1 3q 3q 1.01E-10 -0.1 -0.3 -0.5 -0.1 0.01 -0.4 0.55 0.11 -0.3 0.18 0.71 0 -0.1 0.05 0.36 0 0.18 0.1 0.12 0.28 0.36 0.19 0.33 0 0.28 0.19 0.18 0.56 0.2 0.11 0.06 -0.1 0.76 0.63 0.59 0.46 0.08 0.43 0.56 -0.2 0.16 0.17 0.18 0.25 -0.4 -0.1 0.1 0.01 0.16 0.16 -0.5 -0.2 -0.4 -0.2 -0.5 -0.3 -0.3 -0.1 -0.2 -0.3 -0.7 -0.5 -0.9 -0.8 -0.1 -0.3 -0.3 -0.1 -0.1 -0.1 -0.1 -0.2 0 -0.2 -0.3 -0.6 0.02 0 -0.5 -0.6 0

LOC728392 17p 17p 1.01E-10 -0.2 -0.3 -0.7 0.09 0.23 0.1 0.36 -0.7 -0.3 -0.3 0.03 -0.2 -0.1 -1.3 -0.3 -0.1 -0.3 -0.6 -0.9 -0.5 -1 -0.8 -1.5 -0.4 0.85 -1 -2.2 -1.3 -0.6 -1.3 0.15 -1.1 -1.3 -1.1 -1.1 -1.2 -0.8 0.59 -2.1 -0.9 -1.5 -1.4 -1.7 -1.3 -0.2 0.16 -0.9 -0.6 -0.7 -0.5 0.73 0.48 1.38 -0.7 0.07 0.08 -0.1 -0.1 0.12 0.09 0.27 0.03 0.3 0.44 0 0.22 0.1 0.28 0.09 0.19 -0.2 0 0.02 0.11 0.08 0.05 -0.4 -0.1 1.06 1.84 0.13

ABHD13 13q 13q 1.04E-10 -0.3 0 -0.1 -0.1 -0.2 0.21 0.43 0.35 -0.2 0.02 0 0.1 0.06 0.34 0.49 0.47 0.31 0.07 0.3 1.36 0.52 0.51 0.46 -0.5 0.07 0.27 1.18 1.41 0.63 0.37 0.61 0.6 0.65 0.58 0.34 1.12 -0.2 0.12 0.52 0.36 0.19 0.91 0.23 0.31 -0.3 -0.4 -0.6 -0.5 -0.3 -0.4 -0.7 -0.4 -0.1 0.26 -0.9 -0.4 -0.5 -0.3 -0.2 0.33 0.56 -0.7 0.2 0.32 -0.3 0.07 -0.5 -0.6 -0.4 -0.2 -0.6 -0.6 0.07 -0.5 -0.8 -1.4 -0.5 -0.3 -0.8 -0.6 -0.6
DNAJC8 1p 1p 1.12E-10 0.83 0.47 0.11 0.4 0.26 0.37 0.18 1.24 1.24 1.21 1.39 0.4 -0.1 -0.4 0.48 0.23 0.13 0.37 -0.1 0.79 0.38 0.59 0.27 -0.1 0.26 0.47 0.84 1.4 0.15 0.17 0.68 0.44 1.09 0.49 0.65 1.09 -0.1 0 -0.7 0.46 1.3 1.15 0.09 0.47 -0.3 -0.2 0.33 0.04 -0.1 -0.3 -0.1 -0.2 0.06 0.11 -0.7 -0.1 -0.1 0.01 0.02 0.03 -0.1 -0.3 -0.8 0.04 -0.4 -0.1 -0.5 -0.1 0 -0.2 -0.1 -0.2 -0.2 -0.1 -0.8 -1.9 -0.8 -0.2 -0.3 -0.4 -0.2

PABPC5 Xq Xq 1.19E-10
concordant 
(A)/discordant 
(B)

OK(A) 0.58 0.22 -0.2 -0.1 0.15 0.13 0.07 0.38 0.84 0.25 1.75 0.25 0.28 -0.1 0.34 0.24 0.18 0.08 0.11 0.56 0.2 0.26 0.09 -0.3 0.22 0.62 0.93 1.21 0.18 -0.1 0.07 0.19 0.36 0.12 0.49 0.61 -0.7 0.26 -0.3 0 1.05 1.1 0.04 0.66 -0.3 -0.1 -0.5 -1 0.11 0.18 -0.1 0.08 0.14 -0.5 -0.6 -0.1 0.05 0.17 0.09 -0.2 -0.2 -0.9 -1 -0.7 -0.3 -0.2 -0.5 -0.4 -0.3 -0.3 -0.2 -0.4 -0.2 -0.5 -0.3 -1.1 -0.1 -0.1 -0.5 -0.5 -0.1

PIGW 17q 17q 1.23E-10
discordant 
(A)/concordant(
B)

-0.3 -0.4 0.02 -0.1 0.26 -0.2 0.36 -0.1 -0.3 0.07 -0.2 -0.7 -0.7 -0.3 -0.3 0 0.03 -1.1 -1 -1 -0.6 -0.1 -0.7 -0.6 0.05 -0.4 -0.3 -1.2 -0.5 -0.1 -0.5 -0.1 -0.9 -1.1 -1.2 -1.3 0.44 -1.6 -1.7 0.24 -0.9 -1.4 -0.2 -1.3 -0.2 -0.2 -0.8 -0.3 0.11 0.08 1.02 1.11 1.25 -0.2 1.21 -0.2 0.39 0.38 0.38 0.44 0.12 0.35 0.2 0.34 0.03 -0.1 -0.1 0.12 -0.2 0.03 0.95 0.26 0 -0.8 0.94 0.44 -0.3 0.43 0.37 0.48 -0.6

DDX20 1p 1p 1.23E-10 0.62 0.56 0.41 0.32 0.1 0.28 0.11 0.97 1.15 0.53 0.57 0 -0.1 0.55 0.2 0.04 0.06 -0.3 -0.1 0.49 -0.1 0.32 0.27 -0.1 0.19 0.09 0.3 0.9 0.43 0.62 0.42 0.49 0.48 0.24 0.61 0.62 -0.2 0.22 -0.1 0.1 0.49 0.95 0.09 0.25 -0.1 -0.2 -0.1 -0.1 -0.3 -0.1 -0.3 0 0.17 0.1 -0.5 -0.1 -0.2 0 0.08 0.1 0.01 0.15 -0.1 0.39 -0.1 0.06 -0.4 -0.3 0.03 0 -0.3 0 0.3 -0.4 -0.5 -0.3 -0.2 -0.3 -0.4 -0.3 -0.1
POLE4 2p 2p 1.41E-10 0.46 0.25 0.24 0.23 -0.1 -0.2 0.57 0.27 -0.2 -0.3 -0.3 -0.1 0 -0.4 -0.2 -0.1 -0.2 -0.5 -0.2 -0.1 0.15 0.01 -0.1 0.03 -0.1 0.3 -0.3 -0.5 -0.1 -0.4 0 -0.2 -0.3 0.13 -0.2 0 0.36 0.34 -0.8 0.07 -1.1 -0.2 0.17 -0.7 0.12 0.12 -0.3 0.06 -0.1 -0.2 0.65 0.49 0.2 0.3 0.5 0.19 0.68 0.33 0.8 1.12 0.52 1.12 1.16 0.53 0.09 0.24 0.28 0.37 0 0.07 0.2 0.17 0.07 0.51 0.19 0.41 -0.2 -0.1 0.23 0.43 0.15
OR13A1 10q 10q 1.50E-10 0.05 0.05 0 -0.1 -0.1 0.04 -0.2 0.51 0.51 0.38 1.81 -0.4 -0.5 0.31 -0.2 -0.1 -0.2 -0.3 -0.1 0.17 -0.1 0.44 0.28 0.17 -0.3 0.32 0.05 0.05 -0.2 0.07 0.12 -0.1 0.24 0.71 0.38 0.83 0.41 0.23 -0.2 0.26 0 0.56 -0.2 0.68 0.34 0.72 -0.1 0 0.36 0.29 -0.5 -0.1 -0.3 0.11 -0.5 -0.1 -0.1 -0.2 -0.3 -0.5 -0.2 -0.1 -0.6 -0.2 -0.1 0.12 -0.6 -0.2 -0.3 -0.4 -0.2 -0.5 -0.2 -0.2 -0.2 0.15 -0.1 -0.5 -1.1 -0.7 -0.7
KCNJ14 19q 19q 1.50E-10 -0.3 0.07 0.45 0.3 0.06 -0.7 -0.3 -0.4 -0.5 -0.4 -0.5 -0.3 -0.6 -0.6 -0.6 -0.3 0 -0.2 0.45 -0.4 -0.1 -0.7 -0.7 -0.1 0.46 -0.5 -1.9 -1.5 -0.7 -1 -0.9 -0.9 -0.4 -1 -0.9 -0.9 -0.4 -0.7 -1.2 -0.5 -0.8 -0.2 0.29 -0.6 0.1 -0.1 -0.4 -0.2 -0.7 -0.8 0.6 0.34 0.23 -0.5 0 0.03 0.15 0 0.09 0.54 0.07 -0.2 0.61 0.21 0.4 0.04 -0.3 0.07 0.17 0.26 0.01 -0.3 0 0.62 0.42 -1 -0.7 0.21 1.05 1.19 0.22

FMO2 1q 1q 1.56E-10concordant (A, 
B) OK(A) 0.79 0.48 0 0.15 0.12 0.28 0.08 0.77 0.42 0.82 1.46 0.27 0.02 0.52 1.27 1.1 1.18 0.86 0.93 1.16 0.99 0.67 0.53 0.35 0.48 0.9 0.83 0.88 0.5 0.45 0.32 0.3 0.62 1.91 1.04 1.15 0.04 0.25 0.33 0.74 0.78 0.53 -0.4 0.69 0.04 0.01 0.26 0.48 0.51 0.42 0.17 0.26 0.37 0.25 -0.4 0 -0.1 0.16 -0.1 -0.1 0 -0.4 -0.4 0.05 0 0.12 0.11 0 0.32 0.55 0.23 0.02 -0.1 0.28 -0.8 0.22 0.43 -0.3 0.31 0.22 0.29

MRPL33 2p 2p 1.57E-10 -0.2 -0.4 -0.1 -0.1 0.03 0 0.67 -0.7 0.02 -0.2 -0.6 0 -0.2 -0.5 0.15 -0.3 0 -0.1 -0.2 -0.5 -1.2 -0.4 -0.3 0 -0.5 -0.3 -0.4 -0.7 -0.3 -0.5 -0.4 -0.2 -0.3 -0.7 -0.5 -0.5 0.46 0.06 -1.3 0 -0.6 -0.1 -0.1 -0.9 -0.3 -0.5 -0.7 -0.4 0.58 0.46 0.42 0.27 0.27 0.07 0.96 -0.2 0.17 0.33 0.28 0.63 0.42 0.4 0.17 -0.1 0.03 -0.2 0.15 0.29 0 0.07 0.51 0.08 -0.2 -0.2 0.26 0.77 0.22 0.24 1.25 1.11 0.21
NMUR2 5q 5q 1.91E-10 -0.2 0 0 0.29 0.51 0 0.3 0.21 0.13 0.14 0.57 -0.4 -0.3 0.36 0.24 0 0.24 0.74 0.79 0.96 0.49 0.54 0.53 0.24 0.47 0.68 1.2 1.01 0.31 0.74 0.38 0.51 0.44 0.78 0.61 0.55 0.39 0.05 -0.2 0.27 0.57 0.51 0 0.37 0.05 0.37 0.31 0.18 0.31 0.49 -0.4 -0.3 -0.2 0 -0.2 -0.1 0.2 0.45 0.05 0 0 0.47 0.06 0.35 0.22 0.16 -0.1 -0.1 -0.1 -0.1 0.07 -0.3 0.07 0.08 -0.2 -0.4 0.03 -0.1 -0.6 -0.6 -0.3
ZNF215 11p 11p 1.97E-10 -0.1 0.02 -0.2 -0.1 -0.1 0.21 -0.1 -0.1 0 0.17 0.55 0.08 -0.1 0.17 0.56 0.22 0.28 0.51 0.58 0.77 0.58 0.55 0.65 0.2 0.55 0.69 1.26 1.13 0.47 0.66 0.74 0.78 0.96 0.34 0.8 0.57 -0.1 0.48 -0.2 0.16 1.23 1.21 0.19 0.59 -0.2 0.07 0.43 -0.1 -0.2 -0.1 -0.6 -0.4 -0.1 -0.3 -0.7 -0.1 -0.2 0.28 -0.3 0.1 -0.3 0.05 0 0.14 0.03 0.04 -0.1 0.02 0 0 0.09 -0.1 0.3 -0.2 -0.3 -0.8 0.12 0 -0.5 -0.5 0.05
ELOVL7 5q 5q 2.03E-10 0.01 0.1 0 -0.1 -0.1 -0.2 0.07 0.49 0.27 0.4 0.7 -0.2 -0.5 -0.3 0.34 -0.1 0.29 -0.1 -0.2 0.28 0.74 0.14 0.02 -0.1 0.02 0.42 0.67 0.76 0.32 0.46 0.1 0.04 0.12 0.31 -0.3 -0.3 -0.3 0.47 -0.3 0.28 0.44 0.44 0.27 0.07 -0.1 -0.3 0.18 -0.1 0.18 0.08 -0.2 -0.1 -0.2 -0.2 -0.7 0.02 -0.2 -0.3 0.03 -0.3 0.02 -0.1 -0.2 0.26 -0.2 -0.1 -0.4 -0.3 -0.1 -0.2 -0.4 -0.2 -0.2 -0.3 -0.2 -0.5 -0.3 -0.2 -0.4 -0.3 0.13

VNN2 6q 6q 2.07E-10
discordant 
(A)/concordant(
B)

0.74 0.03 0.15 0.06 0.11 -0.1 -0.2 1.35 0.75 0.53 0.98 0.22 0 0.16 0.12 0.25 -0.1 -0.1 -0.2 0.35 0.04 0.08 0.1 0.04 0.19 0.81 1.17 1.24 0.5 0.19 0.41 0.33 1.14 0.76 0.19 0.6 -0.4 0.49 0.24 -0.2 0.27 0.45 0.12 -0.1 -0.6 -0.8 0.25 0.26 -0.2 -0.2 -0.5 -0.1 0.24 0 -0.5 -0.2 -0.2 -0.1 -0.5 -0.5 -0.3 -0.4 -0.6 0.14 -0.2 -0.2 -0.3 0 -0.3 -0.2 -0.1 -0.6 -0.3 -0.5 -0.3 -0.6 -0.4 0 -0.5 -0.5 -0.3

TULP1 6p 6p 2.20E-10 -0.6 -0.4 -0.2 0 -0.3 -0.1 -0.6 -0.6 0 -0.1 -0.9 0.16 0.09 0.32 0.08 0.42 0.11 0.15 -0.3 -0.5 -0.1 -0.5 -0.4 -0.5 0.12 -0.1 -0.1 -0.8 -0.4 -0.4 -0.4 -0.2 -0.2 -0.2 -0.3 -0.5 0 0.15 0.05 -0.4 0.2 -1 0.02 -1 -0.5 -0.5 -0.1 0.03 -0.8 -1.3 0.23 0.33 0.42 0.17 0.39 -0.1 -0.2 -0.2 0.13 -0.2 0.05 -0.1 0 -0.1 0.15 0.13 -0.1 0.01 0.36 0.46 0.04 -0.1 -0.1 0.4 0.07 -0.4 0.2 -0.1 0.16 -0.2 0.2

Name of 
Gene Location Ch#(A/I

DC)
Ch#(B/I
DC) Function t test Gene/chr 

concordance
Functional 
relevance C5d C5i C10i C12d C12i C9d C9i C6d C6i D8 D7 C1d C1i D4 C4d-s C4d-m C4i C19d C19i D3 D20 C18d C18i C18l C25l D14 C3d C3i D5 C17d-

w2
C17i-
w2

D17-
w2 D15 C27i C29i C29l C23i C30d C30i C24d C28d C28i D2 C14l C14i C14d C2d C2i C21d C21i C16d C16i D10 C26i C26l C7d C7i C7l C8d C8i C11i C13i-

w1
C13l-
w1 D9-w1 D6-m D6-s C15d C15i D12 P12 C22i D11 D16 D22 D1 D19 D18 D21 C20d C20i D17

APC 5q22.2 5q 5q TSG 4.43E-10 discordant OK 0.82 0.5 0.25 0.18 0 0.28 0.32 0.7 0.84 0.53 0.24 -0.3 -0.5 -0.2 0.05 0.08 0.17 0.02 0.11 0.56 0.1 0 0 -0.3 -0.2 0.3 0.58 0.76 0 0.12 0.24 0.03 0.02 0.56 0.3 0.24 0.49 0.63 0.38 0.14 0.34 0.75 0.07 0.37 -0.3 -0.1 -0.2 -0.1 0 0.1 -0.3 -0.4 -0.3 -0.1 -0.2 -0.1 0.11 0.01 0.14 0.03 -0.2 0.08 -0.1 0.29 0 0.21 -0.3 -0.4 -0.2 -0.2 0.01 -0.3 -0.4 -0.1 -0.5 -0.2 -0.1 -0.2 -0.5 -0.5 -0.2
PHF6 Xq26 Xq Xq homeo 5.80E-09 concordant 0.06 -0.3 0 0.09 0.12 0.04 0.12 -0.1 0.44 0 0.37 0.4 0.55 0.1 0.3 0.22 0.34 0.06 0.4 0.66 0.37 0.39 0.22 -0.1 0.38 0.52 0.84 1.09 0.12 0.3 0.45 0.65 0.49 0.18 0.66 0.96 -0.2 0.73 0.76 -0.1 0.92 1.16 -0.1 0.44 -0.3 0 -0.5 -0.5 0.06 0.22 -0.3 -0.2 0.04 -0.1 -0.5 0 -0.3 0.19 -0.1 0.28 0.02 0.27 0 0.12 0.12 0 -0.1 -0.1 0 -0.1 -0.1 0 0.14 -0.2 -0.1 -0.2 -0.3 -0.1 -0.2 -0.4 -0.1

GATA3 10p15 10p 10p P 3.72E-08 concordant OK 0.19 -0.1 -0.5 -0.2 0.02 0.01 0.2 -0.3 0.23 0.1 1.03 0.13 0.28 0 0.57 0.64 0.17 0.32 0.25 0.35 0.29 0.25 0.34 -0.3 0.04 0.39 0.65 0.62 0.3 0.39 0.25 0.06 0.32 0.59 0.78 1 0.17 0.34 -0.4 0.46 1.39 1.41 0.29 0.1 -0.1 -0.2 -0.1 0.01 -0.1 -0.2 -0.1 -0.5 -0.2 0.31 -0.2 -0.2 0.12 0.01 -0.2 -0.2 -0.4 -0.4 -0.2 -0.2 -0.3 0 -0.2 0 0 0.01 -0.1 0.03 -0.2 0.23 -0.2 0.52 -0.1 -0.2 -1.1 -0.9 -0.3
TP53 17p13.1 17p 17p TSG 4.74E-08 concordant OK -0.4 -0.3 -0.4 -0.3 -0.1 0.05 0 0.11 -0.2 -0.4 0.34 -0.1 -0.3 -0.3 -0.1 -0.1 -0.1 -0.3 -1 -0.4 -0.2 -0.3 -0.4 0.05 0.24 -0.7 -0.3 -1 -0.4 -0.5 -0.3 0.09 -0.7 0.13 -0.2 -0.4 -0.3 0.64 0.27 0.06 -1.1 0.03 -0.8 -1.4 -0.4 -0.6 -0.7 -0.7 -1 -1.2 0.31 0.55 0.49 -0.2 0.11 -0.2 -0.1 0.37 -0.1 0.32 -0.2 0.56 0.53 0.06 0 0.34 0.37 0.37 0.2 0.35 0.17 -0.1 0.18 0.22 0.11 -0.3 0.07 -0.4 -0.1 -0.3 0
ATRX Xq21.1 Xq Xq TSG 7.04E-08 discordant X -0.2 -0.1 0.02 -0.4 -0.1 -0.1 -0.5 -0.1 0.62 -0.2 -1.2 0.39 0.37 -0.4 -0.5 -0.1 -0.5 0 -0.7 -0.2 0 -0.1 -0.2 0 -0.4 -0.4 -0.9 -0.2 0.3 -0.7 -0.7 -0.5 -0.4 0 0.15 -0.2 -0.8 -0.5 -0.8 -0.5 -1.6 -1.5 -0.5 0.14 0.13 0.24 -1 -1.3 0.14 0.16 0.34 0.11 0 -0.2 0.35 -0.2 0.07 0.21 0.2 0.55 -0.3 0.09 -0.1 0.04 0.33 -0.1 0 0.37 -0.2 0.1 0.34 0.03 -0.3 -0.5 0.19 -0.5 0.1 0.24 0.64 0.2 0.38
ATR 3q23 3q 3q TSG 1.95E-07 discordant X 0.48 0.23 0.11 0.3 0.21 0.14 0.08 0.28 0.32 0.29 -0.2 0.06 -0.1 0 0.08 0.07 0 0 0.42 0.23 0.09 0.11 0.09 -0.1 -0.1 0 0.17 0.48 0.28 0.27 0.11 0.1 0.54 0.5 0.26 0.33 0.31 0.53 0.06 0.08 -0.3 0.17 -0.1 0.23 -0.1 -0.1 0.11 0.07 0.01 0.1 -0.2 -0.1 -0.1 -0.1 -0.1 0.07 -0.1 -0.1 0.27 0.31 0.41 0.18 0.03 0.39 0.08 0.13 -0.1 -0.3 -0.2 -0.1 -0.1 -0.1 -0.1 -0.2 -0.1 -0.4 0 0 -0.3 -0.3 -0.2

ASXL1 20q11 20q 20q TSG 3.97E-07 discordant X 0.68 0.24 0.05 -0.2 -0.2 0.18 0.35 1 0.74 0.17 1.38 0.04 0.31 -0.4 0.27 0.25 0.1 0.35 0.18 0.26 0.14 0 -0.2 -0.1 -0.5 0.47 0.56 0.57 0.36 0.11 0.03 0.27 0.35 0.53 0.33 0.55 0.23 0.29 0.81 0.17 0.65 0.88 0.17 0.24 -0.1 0 0.14 0 -0.4 -0.4 -0.5 -0.1 0.01 0.11 0 0.39 0.29 0.16 0.04 0.1 0 -0.4 -0.8 -0.1 0.08 0.16 -0.3 -0.3 -0.1 0 0 -0.4 -0.1 -0.4 -0.2 -0.4 -0.1 0.05 -0.1 -0.1 -0.2
SMARCA4 19p13.3 19p 19p TSG 6.83E-07 -0.1 -0.1 -0.3 -0.2 0.14 -0.1 -0.1 -0.5 -0.5 0.14 -0.5 0 0.17 -0.1 -0.3 -0.4 0.15 0.17 0.03 -0.7 0.39 0 -0.3 0.32 0.18 0 -0.8 -0.6 -0.4 -0.1 0 -0.4 -0.6 -0.3 0.71 0.8 0 0 0.01 0.16 -0.1 -0.7 0.07 -0.9 0.15 -0.1 0 -0.2 -1.3 -1.7 0.67 0.7 0.4 0.01 0.32 -0.2 -0.1 -0.3 0.3 0.22 -0.2 0 0.09 0.28 -0.5 -0.1 0.36 0.36 0.37 0.27 0.09 0.22 -0.2 0.75 0.28 -0.4 0.15 0.31 0.34 0.26 0.32
CDKN2A 9p21 9p 9p TSG 1.20E-06 discordant OK -0.1 -0.2 -0.3 0.05 0 0.09 0 0.1 0.42 -0.2 0.57 -0.6 -1.4 0.3 -0.1 -0.2 0 -0.1 0.45 0.38 0.32 0.05 0.23 -0.4 0.01 0.13 0.75 0.73 0.06 0.19 0.46 -0.3 0.33 0.43 0.9 1.1 -1.2 0.63 0.4 -0.2 0.33 0.5 -0.2 0.37 -0.3 0 -0.1 -0.2 -0.2 -0.2 -0.3 -0.2 -0.1 0.2 -0.3 0.28 -0.2 -0.4 -0.3 -0.2 -0.3 -0.3 -0.5 -0.1 -0.6 -0.1 -0.2 -0.4 0.05 -0.1 -0.3 -0.3 -0.2 -0.1 -0.4 -1.1 -0.1 -0.2 -0.6 -0.4 -0.2

TET2 4q24 4q 4q TSG 3.78E-06 concordant OK -0.7 -0.6 -0.1 -0.1 -0.1 -0.9 0 -0.5 -0.7 -0.5 -0.8 -0.6 -0.9 -0.1 0 0.09 0.04 -0.2 -0.2 0.07 -0.2 -0.5 -0.1 -0.4 0.02 0.11 -0.6 -0.2 0.34 -0.1 -0.1 -0.3 0.02 0.21 -0.1 -0.1 -0.3 -0.1 -0.8 -0.1 -0.8 -0.5 -0.1 -0.3 0.01 -0.2 -0.4 -0.3 -0.1 -0.3 -0.1 -0.1 0.04 -0.5 -0.4 -0.2 -0.2 0.2 -0.2 0.19 0.14 0.23 0.47 0.1 0.35 0.02 -0.1 0.07 0.01 0 -0.3 -0.1 -0.2 -0.1 0.02 -0.4 0 0 0.5 0.5 0
STAG2 Xq25 Xq Xq TSG 5.66E-06 discordant X 0.26 -0.4 -0.4 -0.2 -0.1 -0.2 0.39 -0.3 -0.4 0.08 0.18 0.29 0.57 -0.1 0.01 0.06 -0.1 -0.1 -0.1 0.1 -0.2 0.33 0.01 0 -0.2 0.46 0.45 0.68 0.39 0.2 0.12 0.33 0.33 0.14 0.6 0.92 -0.6 0 0.04 0 1.04 0.49 0.03 0.41 -0.1 -0.2 -0.4 -0.5 0 0 0 0 0.29 -0.1 -0.5 -0.2 -0.1 0.35 0.21 0.17 -0.4 0 -0.4 0.07 -0.2 -0.2 -0.1 -0.1 0 -0.1 -0.3 -0.2 -0.3 -0.4 -0.1 -0.8 -0.1 0 -0.7 -0.9 -0.4
PALB2 16p12.2 16p 16p TSG 6.18E-06 discordant X 0.44 0.18 -0.1 -0.3 0.24 0.19 0.39 0.67 0.86 0.65 0.98 0.08 0.05 -0.1 -0.1 0.07 0.08 0.1 0.28 0.63 0 0.17 0.32 0 0.06 0.12 0.33 0.7 0.25 0.46 0.55 0.44 0.35 0.41 0.47 0.66 0.27 0.42 0.48 -0.1 -1 -1.2 0.5 0 -0.5 -0.4 0.16 -0.1 -0.2 -0.2 0 0.03 0.38 -0.1 -0.1 -0.1 -0.2 0.12 -0.1 0.05 -0.4 -0.5 -0.9 -0.3 -0.4 -0.1 -0.1 -0.1 -0.2 -0.2 0 -0.1 -0.1 -0.8 -0.4 -0.3 -0.4 0 -0.4 -0.4 -0.3
USP9X Xp11.4 Xp Xp 2.43E-05 concordant 0.06 0.14 0.27 0.19 0.14 -0.1 0.08 0.63 0.4 0.05 -0.1 0.31 0.57 -0.3 0.15 0.27 0.11 -0.1 0.29 0.42 0.08 0.58 0.32 0.03 0.21 0.4 0.6 0.88 0.4 0.33 0.25 0.26 0.39 0.26 0.51 0.69 -0.1 0 -0.3 0.01 0.37 0.29 0.01 0.44 0.06 0 -0.4 -0.3 -0.3 -0.4 -0.1 -0.1 0 -0.1 -0.5 -0.1 -0.2 -0.2 0.29 0.48 0.21 0.41 0.33 0.35 0.05 0.06 0.06 0.1 0 0 0 0 0.05 -0.2 -0.1 -0.7 0 0.22 -0.5 -0.4 -0.1
NCOR1 17p11.2 17p 17p TSG 3.26E-05 concordant OK 0 0 0.01 0.05 0 -0.1 0.25 0.21 0.16 0.42 0.19 -0.3 -0.3 -0.3 0.17 0.02 -0.1 -0.5 -0.1 -0.3 -0.4 -0.3 -0.4 -0.2 -0.2 -0.4 0 0 0.18 0.2 0.21 -0.2 -0.2 0.03 -0.4 -0.1 -0.1 0 0.33 0.29 -0.2 -0.2 -0.4 -0.7 -0.4 -0.5 -0.7 -0.6 -0.8 -0.8 0.23 0.3 0.24 -0.2 -0.1 -0.2 0.05 0 0.31 0.44 -0.2 0.31 0.06 0.17 -0.2 0.05 0.02 0.24 0.09 0.11 0.27 -0.2 0.08 0.51 0.13 0.41 0 0 0 0.22 -0.2

FGFR2 10q25.3-
q26 10q 10q P 4.61E-05 discordant X -0.8 0 0 0.14 0.01 0.13 -0.2 -1 -0.6 -0.7 -1.7 0.19 1.24 -0.1 0.07 -0.3 0.04 0.06 0.13 -0.2 0.51 0.19 0.06 0.41 0.11 -0.2 -0.8 -0.6 -0.2 -0.1 -0.2 -0.1 -0.1 0.23 -0.3 -0.2 -0.1 -0.1 -0.2 -0.5 -0.5 -0.3 0.06 -0.7 0.11 0.17 1.65 0.7 -1 -1.2 0.35 0.29 0.09 -0.3 0.16 -0.3 0.18 0 0.07 0.45 0.21 0.58 0.72 0.39 -0.5 0.06 0.36 0.36 0.19 0.13 0.22 0.18 0.27 0.02 0.14 0.2 0.36 0.52 0.39 0.01 0.17

NF2 22q12.2 22q 22q TSG 7.09E-05 discordant OK -0.8 -0.1 0.21 -0.1 -0.1 -0.3 0 -0.5 -1 -0.5 -0.7 0.44 0.42 0.36 0.03 0.04 0.17 0.3 0.45 -0.1 0.02 0.14 0.07 0.3 0.18 -0.2 -0.2 -0.4 -0.2 0.05 0.02 0.01 0.1 0.26 0.13 0.31 0.12 0.43 0.26 0 0.64 -0.2 -0.6 -0.5 -0.1 -0.1 -0.3 -0.3 -0.6 -0.7 0.29 0.03 0.53 0.15 0.63 -0.2 0 -0.3 0.12 0.39 -0.1 0.08 0.32 0.24 0.18 -0.1 0.19 0.32 0.34 0.43 0.29 0.21 -0.1 0.35 0.19 0.42 0.39 0.15 -0.2 -0.1 -0.1
CDH1 16q22.1 16q 16q TSG 8.59E-05 discordant OK 0.21 0.27 -0.2 0.18 0.26 0.38 0.55 0.51 0.77 0.05 0.91 0.36 0.1 0 -0.2 -0.4 -0.4 -0.1 0.28 0.16 0 -0.1 -0.1 -0.2 -0.1 0.18 0.19 -0.1 0.06 0.47 0.33 0 0.2 1.05 0.53 1.01 0.55 0.54 0.39 0.32 -0.1 0.52 -0.4 0.04 -0.1 -0.1 -0.5 -0.7 -0.4 -0.4 -0.5 -0.8 -0.3 0.42 0.07 -0.2 -0.2 0.07 -0.1 0.28 -0.2 -0.1 -0.4 -0.1 0 0.19 -0.3 -0.3 -0.5 -0.4 -0.5 -0.1 0.2 0.13 -0.1 0.33 -0.1 -0.4 -0.4 -0.2 -0.2
ECT2L 6q24.1 6q 6q 9.25E-05 concordant -0.6 0.12 -0.1 0.03 -0.1 0.34 0.33 -0.9 -0.2 -0.6 -0.4 0.32 0 -0.6 0.06 0.04 -0.4 0.13 0 -1.1 0.49 -0.2 -0.5 0.44 -0.1 -0.2 -0.8 -1.1 -1 -0.6 -0.1 -0.5 0.36 0.26 -0.7 -0.4 -0.2 0.73 1.33 0.21 -1.2 0.99 -0.4 -0.7 -0.1 -0.6 0.55 0.39 -0.7 -1.2 0.22 0 0.36 -0.5 -0.2 0.51 0.29 0.53 -0.1 0.07 0 -0.2 -0.5 -0.1 -0.1 0.28 0.21 0.54 0.39 0.72 -0.2 0 0.44 1.07 0.41 2.79 -0.2 0.66 0.03 -0.2 0.64
CNOT3 19q13.4 19q 19q TSG 0.000137 discordant OK -0.2 -0.2 0.73 -0.1 -0.2 -0.1 -0.2 1.05 -0.2 -0.1 -0.5 -0.1 0 -0.6 0.53 0.19 0.17 0.16 0.01 -0.2 -0.4 0.08 -0.2 0.5 0.47 -0.4 0.13 -0.6 0.11 0.04 0.23 0.1 0.18 -0.3 -0.2 -0.1 0.37 -0.5 -0.9 0.01 1.64 1.3 0.27 -0.4 0.39 0.11 -0.2 0 -1.3 -1.7 1.17 0.83 0.38 -0.5 -0.2 0.17 0.26 0.71 0.22 0.38 0.24 0.78 0.69 0.3 0.3 0.39 0.57 0.39 0.49 0.5 0.06 0.39 0.39 0.37 0.36 -0.5 -0.2 0.09 -0.6 -0.3 0

PDGFRA 4q12 4q 4q P 0.000595 discordant X 0.29 -0.3 -0.1 -0.1 0.29 0.07 0.27 0.37 0.78 0.33 1.39 0.34 0.06 0.03 0.23 0.32 0 0.3 0.28 0.49 -0.1 0.48 0.6 0.14 0.22 0.32 0.27 0.25 0.07 0.09 0.17 -0.1 0.5 0.85 0.13 0.39 0.19 0.41 0.22 0.11 -0.4 -0.4 0.04 -0.1 -0.1 -0.1 -0.1 -0.2 -0.3 -0.3 -0.1 -0.3 0 -0.1 0.08 -0.2 0 -0.4 -0.2 -0.2 -0.2 -0.5 -0.8 -0.7 -0.1 -0.2 0.05 0.11 0.12 0.18 0.33 0.06 0.17 0.07 -0.4 0.13 -0.1 0.11 0.15 0.01 0
BRCA2 13q13.1 13q 13q TSG 0.000635 concordant OK -0.4 -0.2 -0.2 -0.3 -0.2 -0.1 0.05 -0.3 -0.1 -0.3 -0.2 0.11 0.26 0.53 0 0.02 -0.1 -0.3 -0.1 0 0.33 0.31 0.46 -0.2 -0.1 0.27 0.55 0.99 0.63 0.22 0.3 0.35 0.72 0.53 0.14 0.26 -0.4 -0.2 -0.3 0.16 0.91 0.77 -0.1 0.15 -0.8 -0.3 -0.7 -0.6 -0.3 -0.5 -0.4 0.02 -0.2 0 -0.6 -0.2 -0.5 0.09 -0.1 -0.1 0.03 -0.4 0.06 -0.2 0.13 0.04 -0.3 -0.2 0 -0.2 -0.1 -0.1 -0.2 -0.4 -0.3 -1.4 0 -0.5 -1 -0.7 -0.5
ZNF217 20q13.2 20q 20q P 0.000817 discordant OK -0.9 -0.4 -0.3 0 0.03 0 -0.1 -0.6 -0.1 -0.6 -1.5 0.55 0.65 0.64 -0.5 0.12 0.13 -0.5 0.35 -0.5 -0.8 0.15 -0.5 0.07 -0.1 -0.1 -1.3 -1.2 -0.4 0.21 0.01 -0.2 -0.3 -0.1 -0.2 0.72 1.14 0.61 -1.3 1.23 0.42 -1.2 0 -0.6 0.73 0.55 -0.3 -0.1 -1.4 -2.4 0.07 0.27 0.59 0.06 0.54 -0.3 0.17 0.05 0.23 0.58 0.35 -0.4 0.16 -0.5 0.5 -0.3 0.38 0.1 0.08 0.09 -0.1 0.12 0.2 1.67 -0.5 3.03 0.17 0.29 0.51 -1.3 0.18
CBLB 3q13.11 3q 3q P 0.001376 discordant OK 0.73 0.47 0.06 0.21 0.19 -0.3 0.15 0.32 0.34 0.11 1.63 -0.1 -0.3 0 0.14 0.12 0 -0.4 -0.4 -0.2 -0.3 -0.1 0.02 -0.2 -0.2 -0.1 0.16 0.35 0.02 0.05 0 -0.1 0.5 0.33 -0.1 0.25 0.23 -0.3 -0.7 -0.2 0.06 0.25 -0.1 0.24 -0.1 -0.1 -0.3 0 0.07 0.08 0.21 0.2 0.11 0.12 -0.3 -0.3 0.37 -0.3 -0.2 -0.2 -0.2 0.1 -0.4 0.2 -0.1 0.1 -0.2 0 -0.2 -0.1 -0.8 -0.3 -0.2 0.02 -0.1 -0.6 -0.3 -0.3 -0.3 -0.2 -0.3
MEN1 11q13 11q 11q TSG 0.001806 discordant OK 0.08 0.32 0.12 0.29 0.22 0.25 0.38 0.67 0.55 0.12 0.39 0.45 0.66 -0.2 0 0.4 -0.2 -0.4 -0.1 0.61 -0.2 0.16 0.31 -0.5 0.2 0.41 0.49 0.91 0.18 0.39 0.45 0.23 0.65 0.2 0.38 0.39 -0.4 -0.6 -0.4 0.12 0.29 0.53 -0.7 -0.1 -0.4 -0.2 -0.2 -0.4 -1.2 -1.1 0.02 0.24 0.31 0.19 -0.8 -0.2 0.14 0.27 0.21 0.03 0.2 0.25 0.09 0.35 -0.1 0.27 -0.5 -0.2 0.08 -0.1 -0.6 -0.4 -0.3 0.07 -0.6 -1.6 -0.8 -0.7 -1 -0.9 -0.9

AKT2 19q13.1-
q13.2 19q 19q P 0.002236 discordant X -0.3 -0.1 0.76 -0.2 0.13 0.27 0 -0.1 -0.1 0.05 -1.6 0.05 0.19 -0.1 0.26 0 0.05 0.05 -0.1 0 -0.2 0.35 0.08 0.46 0.05 0.64 0.09 -0.1 -0.4 0.3 0.14 0 0.37 -0.3 -0.1 0.18 0.3 -0.8 -1.3 0 -0.6 -0.1 -0.2 -0.2 -0.1 0.15 -0.2 -0.2 -1.6 -1.6 -0.1 -0.1 -0.2 -0.4 -0.1 0.15 0.53 0.74 0.11 0.85 0.25 0.91 1.57 0.94 -0.1 -0.1 0.27 0.42 0.48 0.33 0.18 0.11 0.31 0.79 0.5 -0.6 -0.3 0.01 0 -0.2 -0.1

NOTCH2 1p13-p11 1p 1p P 0.002819 concordant OK 0.45 0.03 -0.1 0.08 0.05 -0.2 -0.2 0.92 0.73 0.68 1.03 0.03 0.07 0 0.28 0.24 0.21 0.55 0.28 0.31 -0.1 0.14 -0.2 0.12 0.39 0.14 0.36 0.5 0.27 0.31 0.27 0.23 0.34 0.13 0.18 0.61 -0.5 -0.1 -0.6 0.2 -1.1 -1.3 -0.1 -0.1 -0.2 -0.3 0.18 -0.1 0.01 0.03 -0.1 0.08 0 -0.1 -0.3 -0.1 0 -0.2 0 -0.1 -0.4 -0.2 -0.6 0 -0.5 -0.3 -0.1 0.04 0.1 0.01 -0.2 0 -0.2 -0.1 -0.3 -1 -0.1 0 0.15 0.27 0.31
KDM6A Xp11.2 Xp Xp TSG 0.002975 discordant X -0.1 0.12 0.03 0.21 -0.1 -0.2 -0.5 -0.2 0.13 0.17 -1.5 0.26 0.53 0.32 0 -0.1 -0.1 -0.3 -0.8 -0.4 -0.3 0.19 0 0.12 -0.1 0 -0.3 0 0.14 0.15 0 0.06 0.17 0.07 -0.3 0.27 -0.2 0.61 0.13 -0.3 0.03 0.21 -0.2 -0.1 0.15 0 -0.5 -0.3 0.11 0.06 0.46 0.28 0 0.12 0.27 0.09 0.15 0.57 0.1 0.3 -0.1 0.49 0.11 0.05 -0.2 -0.3 0.21 0.29 0 0 0.06 0.09 0.11 -0.2 0.24 0.08 0.08 0.13 0.2 0.06 0.08
KRAS 12p12.1 12p 12p P 0.006222 discordant OK -0.5 -0.3 0 0.14 0.22 0.34 -0.3 0.18 -0.2 0.11 -0.3 0.34 0 -0.2 -0.2 -0.5 -0.3 0 -0.9 -0.5 -0.4 -0.5 -0.4 -0.4 -0.4 -0.3 -0.1 0.37 -0.2 -0.3 -0.1 -0.1 -0.6 -0.1 -0.4 0.26 0.21 -0.1 0.22 -0.2 0.4 -0.7 0.24 0 0 -0.2 -0.9 -0.3 -0.1 0.05 0.05 0 0.11 0.07 0.16 0.38 0.49 0.14 0.16 0.07 0.11 0.44 0.38 0.24 0.65 0.27 -0.2 0.33 0.03 0 0 -0.2 -0.2 -0.4 -1 0.07 -0.3 0 0.24 0.27 -0.3

PIK3CA 3q26.3 3q 3q P 0.007082 concordant OK 0.38 -0.1 0.06 0.12 -0.1 -0.2 0.1 0.88 0.29 0.18 -0.6 0 0 0.02 0 0 0 -0.1 0 0.14 -0.3 0.12 0.35 0 -0.2 -0.2 0.29 0.37 0 0.4 0.26 0.19 -0.1 0.25 0.06 0.43 0.27 0.25 0.5 0.14 0 -0.1 0.13 0.17 -0.2 -0.2 0.1 0.11 0.06 0 -0.1 0.02 0.19 0.26 -0.2 -0.3 -0.1 -0.3 0.3 0.38 0 0.2 0.14 0.11 -0.4 -0.2 -0.2 0.03 -0.2 -0.1 -0.4 -0.1 -0.1 0.04 -0.1 0.01 -0.1 0.07 -0.2 -0.2 -0.2

MDM2 12q13-q14 12q 12q TSG 0.007378 discordant OK -0.2 0.18 0.2 0.03 0.05 0.28 0.2 0 -0.3 0.04 -0.2 -0.1 -0.5 0 0.16 0 0.12 0.39 0.45 0.02 0 -0.1 0.13 0.07 0.09 0.12 0.4 0.2 0.19 0.23 0.04 0.08 0.41 0.55 0.04 0.3 0.06 0.3 -0.3 0.17 0.03 -0.3 -0.2 0.07 -0.2 -0.1 -0.1 0.13 0.05 0.11 -0.1 -0.2 0.07 0.22 -0.2 -0.5 -0.4 -0.2 0.02 0.33 -0.1 0.16 0.26 0.46 0.03 0 0.04 0.12 0 0.06 0.03 0 0.04 0.08 0 -0.5 -0.1 -0.3 -0.4 -0.3 -0.1

PBRM1 3p21 3p 3p TSG 0.007579 discordant OK 0.41 0.14 -0.2 0.25 0.19 -0.2 -0.1 0 -0.2 0.1 0.08 -0.3 0 0.01 -0.2 -0.6 -0.2 -0.3 -0.4 -0.4 0.08 0.08 -0.1 -0.1 -0.2 -0.7 -0.2 -0.3 0 0.2 0.38 0.13 0.05 0.47 -0.1 0.16 -0.2 0.4 0.29 -0.1 0.54 0.39 0.27 -0.2 0.09 -0.1 -0.5 -0.1 -0.3 -0.3 0.46 0.02 -0.1 -0.1 0.19 0.29 0.32 0.39 0.26 0.28 0 0.25 0.26 0.09 0.06 -0.1 0.41 0.4 -0.1 0.06 0.21 0.37 0.03 -0.1 0.21 0.2 0.07 0.02 0.17 0.01 0.01
PRDM1 6q21 6q 6q 0.011611 discordant 0.49 0.19 0.65 0.8 0.51 0.92 0.82 0.5 0.24 0.72 0.55 0.31 0 -0.1 0 0.01 -0.1 -0.9 -1.2 -0.2 -1.3 -0.1 -0.7 0 -0.6 0.25 0 -0.7 -0.3 0.13 -0.3 0.29 0.26 0.33 -0.5 0 -0.3 -1.8 -0.9 -0.4 -1 -1.1 -0.2 -0.7 -0.4 -0.7 0.05 0.26 -0.2 -0.4 0.5 0.49 0 -0.2 -0.2 0.09 0.1 0 0.67 0.89 0.47 0.79 0.7 0.93 0.14 0.08 0.02 0.37 0.03 -0.1 0.03 -0.3 0.03 -0.2 0.02 -0.4 -0.4 -0.3 0.62 0.41 -0.6
CUX1 7q22.1 7q 7q TSG/P 0.015998 discordant 0.06 0.14 0.25 0.16 -0.1 0.02 0 -0.5 -0.1 -0.2 -0.6 -0.2 0.07 -0.3 -0.1 -0.1 0.02 -0.1 -0.4 -0.2 0.05 0.24 0.27 0.44 0 0.01 -0.1 -0.1 -0.1 -0.1 0.05 0.13 0.06 0.37 -0.3 0.18 0.09 -0.2 -0.1 0.17 0.12 0.25 0 0 0.09 0.34 0.68 0.37 -0.6 -0.5 0.15 0.19 0.12 0.06 0.09 0.16 0.19 0.09 0.21 0.26 -0.1 -0.2 -0.1 0 -0.1 -0.6 0.12 0.2 0.1 0.02 0.05 0.15 0 0.01 0.21 0.33 -0.1 0.16 0.51 0.39 0.33

CCND1 11q13 11q13 11q P 0.017202 concordant OK 0.65 0.32 0.14 0.11 0.08 0.47 0.34 0.55 0.44 0.1 0 0.42 0.71 -0.2 0.93 1 0.94 0.35 0.17 -0.2 0.43 0.63 0.22 0.22 1.03 -0.2 -0.8 -0.1 0 0.43 -0.4 0.02 -0.1 -0.4 -0.4 -0.5 1.93 -0.7 -1.2 -0.1 -1.2 -0.3 1.54 0.11 0.54 0.05 -0.3 -0.1 0.18 0.07 0.48 0.63 0.55 -0.2 0.35 -0.2 -0.3 -0.2 0.31 0.36 -0.2 0.4 0 0.29 0.22 0.05 0.61 1.16 0.82 0.58 0.18 0.4 0.21 1.19 0.76 -1.4 0 0.79 1.12 1.21 1.34
PMS2 7p22.1 7p 7p TSG 0.017598 discordant X -0.3 -0.4 -0.2 -0.1 -0.3 -0.3 0.11 -0.8 -0.3 0.17 -0.8 0.38 0.46 -0.5 -0.1 0 -0.3 -0.4 -0.8 -0.1 -0.4 0.24 0.59 0.36 -0.5 0.09 -0.4 -0.4 0.69 0.34 -0.3 0.11 -0.2 -0.1 -0.4 0.8 -0.9 1.03 -2.3 -0.2 -1.6 -0.5 -0.3 -0.5 0.11 0 -0.4 0 -0.8 -0.6 0.04 0 0.19 -0.2 -0.5 -0.2 0.04 -0.2 -0.3 0.05 -0.2 -0.1 -0.1 -0.1 0.19 -0.2 0.23 0.79 -0.2 -0.2 0.37 0.34 0.32 -0.8 -0.3 -1.7 0 0.38 0.46 0.63 0.21

MED23 6q22.33-
q24.1 6q 6q TSG 0.018997 discordant OK 0.34 -0.2 0.89 0.66 0.25 0.23 0.15 0.15 1.39 0.41 0.35 0.4 -0.1 -0.1 -0.5 0.19 -0.1 0.07 -0.8 0.46 0.32 -0.1 0.04 0.33 0 0.15 0.04 -0.4 0.61 0.42 0.16 0.32 0.95 1.2 0.71 0.85 0.42 0.31 0.47 0.86 1.78 0.2 0.18 -0.1 -0.8 -0.7 0.14 0.86 0 0.04 -0.1 -0.1 0.21 0.13 -0.5 -0.7 -0.1 -0.2 1.67 0.5 -0.1 0.46 0.79 -0.3 0.53 0.66 0.02 0.17 0 0.11 -0.3 0 -0.1 0.9 0.13 0.84 -0.2 -0.3 -1 -0.8 -0.5

CREBBP 16p13.3 16p 16p P 0.020457 concordant OK -0.3 -0.3 -0.4 0 0 -0.2 0.17 -0.2 0.33 -0.5 0.06 0.13 0.31 0.22 0.05 0 -0.1 0.31 0.17 0.24 0.06 0.03 0.06 0 0.02 0.01 0.04 -0.1 -0.1 0.01 0.32 0.01 0.48 0.59 0.2 0.42 0.46 0.19 0.36 0 0.12 0.09 0.34 -0.1 -0.1 0.03 0.28 0 -0.3 -0.1 -0.1 -0.1 -0.1 -0.1 0.06 -0.1 0 -0.7 0.57 0.35 0.03 -0.2 0.49 -0.1 0 -0.1 -0.1 0.01 0.04 0.14 0.02 0 -0.1 0.13 -0.1 -0.6 -0.2 -0.1 -0.2 -0.2 -0.2
MYC 8q24 8q 8q P 0.02139 concordant OK -0.4 -0.2 -0.6 0.04 0.15 0.23 0.46 -0.3 -0.4 0 -0.1 -0.4 0.04 -0.3 0 0 0.01 0.27 1.29 0.2 -0.2 0.2 0.41 -0.1 0.16 0.56 0.49 0.63 0.26 0.32 0.36 0.67 0.99 0.69 0.72 0.98 0.71 0.59 1 0.16 -0.2 0.22 0.11 0.32 0.05 0.05 0.08 -0.2 -0.7 -0.5 0.04 0.25 0.26 0.17 0.04 0.02 -0.1 -0.1 -0.2 -0.1 -0.1 -0.2 0 -0.2 -0.2 0.06 -0.1 0.06 0.02 0.07 0.15 0.04 0.14 0.49 0.09 -0.3 -0.3 0.13 -0.1 -0.2 -0.5

CCNE1 19q12 19q 19q P 0.02543 discordant X 0.09 0.15 -0.1 0.04 -0.2 -0.1 0.23 0.41 -0.1 0.46 -0.5 0.15 -0.1 -0.3 0 0.08 -0.1 -0.1 0.03 0.01 -0.1 0.07 0.81 -0.2 -0.1 -0.1 0.34 0.29 -0.1 0 0.04 0 0.13 0.11 0.48 0.56 0.32 -0.2 0.15 -0.1 -0.1 0.2 -0.1 0.16 -0.4 -0.1 -0.4 0.03 0 0 0.13 0.24 0.38 0 -0.4 0.16 0.22 0.34 0 0.3 0.07 0.1 -0.1 0 0.15 -0.4 -0.1 0.04 0.01 0 0 -0.1 0 0.03 -0.1 -0.2 -0.3 -0.3 -0.3 -0.4 -0.3
EGFR 7p12 7p 7p P 0.03096 discordant OK -0.7 -0.2 -0.5 -0.2 -0.3 -0.2 0.95 -0.8 -0.5 -0.8 -0.6 0.08 0.03 0.14 0.12 0.05 0.15 0.34 0.58 0.24 0.16 0.64 0.69 0.44 0.25 -0.1 -0.2 -0.2 0.02 -0.1 0.09 0.34 0.34 0.28 -0.1 0.09 -0.2 0 0.09 -0.3 0.64 0.89 -0.2 -0.3 -0.3 -0.1 -0.2 -0.2 -0.5 -0.5 -0.2 0.05 0.09 -0.3 0.02 0.46 0.4 0.75 0.12 0.08 -0.5 0.35 0.5 0.1 0.39 -0.2 0.08 0.14 0 0.12 -0.2 0.07 0.02 0.24 0.06 -0.3 0 0.35 0.29 0.25 0.04
PREX2 8q13.1 8q 8q P 0.033033 discordant OK -0.4 0 -0.5 -0.3 -0.3 -0.3 -0.2 -0.7 -0.6 -0.5 -0.9 -0.3 -0.2 0.05 -0.1 0.05 -0.2 0 0.13 0.3 0.15 0 0 -0.1 -0.1 -0.2 0.13 0.37 0.06 -0.2 -0.2 0.14 0.58 0.65 0.59 0.76 0.09 0.75 0.79 0.01 -0.1 -0.2 0 0.07 -0.3 -0.2 -0.5 -0.6 0.08 0 -0.2 -0.1 -0.1 -0.1 -0.3 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.1 -0.1 -0.4 0 0.1 -0.2 -0.1 -0.2 -0.1 -0.2 -0.3 -0.2 -0.3 -0.3 -0.3 -0.1 0.36 -0.4 -0.4 0.03

ERBB2 17q11.2-
q12 17q 17q P 0.033727 concordant OK 0.66 0.58 0.15 0.55 0.43 0.53 0.42 1.01 1.02 0.62 0.88 2.75 3.12 2.49 0.3 0.15 0 1.81 2.31 0.49 0.53 0.47 0.51 0.14 0.32 2.72 0.27 -0.1 -0.5 0.52 0.56 0.06 2.49 0.48 -0.5 0.08 -0.4 0.04 0.03 0.32 -0.2 -0.1 -0.2 0 0.22 0.02 -0.3 -0.1 -1.5 -2 0.32 0 0.37 -0.2 -0.3 -0.3 -0.1 0 0.35 0.35 0.02 0.09 -0.1 0.25 0.35 0.11 0.31 0.38 0.24 0.47 -0.2 0.53 0.47 1.09 0.13 -0.9 0.94 0.3 -0.9 -0.7 1.24

CASP8 2q33-q34 2q 2q TSG 0.039284 discordant OK -0.1 0.11 0.4 -0.3 -0.3 0.04 0.54 0.04 0 0.57 0.56 0 -0.3 0 0.22 0.06 0.21 0.23 0.34 0.36 -0.1 0.22 0.54 0.07 0.15 0.44 0.21 0.22 0 0.31 0.39 0.44 0.78 0.39 0.23 0.03 0 -0.5 -0.4 -0.1 0.23 -0.5 0.09 0.17 0 -0.1 0.08 0.1 -0.6 -0.6 -0.1 0.02 -0.1 -0.1 -0.3 0.42 0.71 0.47 0.22 0.42 0.14 0.19 0 0 -0.3 -0.1 0 0.03 0.03 0 -0.3 0.03 0.02 0.3 -0.2 -0.8 -0.2 0.05 -0.7 -0.5 -0.2
MAP3K1 5q11.2 5q 5q P 0.048998 discordant X 0.7 0.35 0.17 0 0.01 0.31 0.15 0.45 0.74 0.43 2.15 -0.5 -0.4 -0.4 -0.1 -0.1 0.03 -0.1 -0.5 -0.3 -0.3 0.36 -0.2 -0.5 -0.5 -0.9 -0.3 -1 0.28 0.16 0.13 -0.2 -0.8 0.57 -0.9 -0.9 0.28 -0.1 -0.1 0.14 0.42 1.39 0.3 0.13 0.44 0.3 0.04 0.08 0.25 0.29 -0.1 0 -0.2 -0.1 0.22 -0.2 -0.4 0 -0.2 -0.4 -0.6 -0.5 -0.9 -0.4 -0.1 0.22 0.15 0.01 0 0.07 0.16 0.23 0.21 0.73 -0.1 1.03 -0.6 -0.3 0.51 0.45 -0.9
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