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Abstract 

 

Whereas mutations causing monogenic disorders most frequently lie within the affected gene, 

sequence variation in complex disorders is more commonly found in non-coding regions. 

Furthermore, recent genome-wide studies have shown that common DNA sequence variants 

in  non-coding regions are associated with “normal” variation in gene expression resulting in 

cell-specific and/or allele-specific differences. The mechanism by which such sequence 

variation causes changes in gene expression is largely unknown. We have addressed this by 

studying natural variation in the binding of key transcription factors (TFs) in the well-defined, 

purified cell system of erythropoiesis. We have shown that common polymorphisms 

frequently directly perturb the binding sites of key TFs, and detailed analysis shows how this 

causes considerable (~10 fold) changes in expression from a single allele in a tissue-specific 

manner. We also show how a single nucleotide polymorphism, located at some distance from 

the recognised TF binding site, may affect the recruitment of a large multiprotein complex 

and alter the associated chromatin modification of the variant regulatory element. This study 

illustrates the principles by which common sequence variation may cause changes in tissue-

specific gene expression, and suggests that such variation may underlie an individual’s 

propensity to develop complex human genetic diseases. 
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Introduction 

 

With few exceptions (such as X-inactivation and imprinting), all non-random differences in 

gene expression should ultimately be explained by a change in the DNA code. The numerous 

mutations that are now known to cause recognisable single gene disorders usually lie within 

the affected gene.  Whilst some may exert their effect through creation (e.g. De Gobbi et al., 

2006) or destruction (e.g. Benko et al., 2009) of a regulatory element, examples of single 

point mutations in regulatory elements causing human genetic disease are relatively rare.  

Recent genome-wide studies have shown that some common DNA sequence variants (single 

nucleotide polymorphisms [SNPs] and copy number variants [CNVs]) are associated with 

“normal” variation in gene expression (Kasowski et al., 2010; McDaniell et al., 2010). 

Changes in trans-acting factors may alter expression of both alleles of a target gene, whereas 

cis-acting variants most frequently cause changes in allele-specific expression.   

 

In contrast to the single gene disorders, a large number of SNPs and CNVs associated 

with normal variation in gene expression, or associated with common complex diseases (such 

as diabetes, hypertension, and autoimmune disorders), often lie in non-genic regions.  Whilst 

the mechanisms by which these sequence variants exert their effect are not well understood, 

they are expected to affect tissue-specific, cis-acting, regulatory elements.  This is consistent 

with the observation that most normal variation in gene expression occurs in an allele-

specific and tissue-specific manner (Dimas et al., 2009; Ge et al., 2009; Zhang et al., 2009). 

A key goal in current biology is to explain the mechanisms by which such common DNA 

sequence variants cause significant changes in gene expression and how this eventually 

relates to altered phenotypes associated with human disease. A major hurdle in analysing 



such mechanisms is to identify and purify the appropriate cell type to study. Clearly a 

regulatory polymorphism will only affect expression when the regulatory element is active in 

a relevant cell type and at the appropriate stage of differentiation and development. In most 

cases, this information is not available and may be extremely difficult to establish.  

 

To determine the principles by which common variants may cause allele-specific, 

cell-specific changes in gene expression we have studied the effects of natural DNA 

polymorphisms during formation of human red blood cells. Erythropoiesis provides an 

excellent model system in which to address such mechanisms.  Purified progenitors can be 

obtained in large numbers and the tissue-specific regulatory elements (genome-wide) which 

control gene expression during erythropoiesis have been well characterised (Garrick et al., 

2008: Hattangadi et al., 2011). These elements are identified by their association with 

DNAse1 hypersensitive sites (DHS) and active chromatin marks. Furthermore, the 

underlying sequence contains common transcription factor (TF) binding sites including those 

for GATA1, Scl/TAL1 and Sp/XKLF proteins. These proteins, in turn, are thought to recruit 

multiprotein complexes which bind the regulatory elements and impose tissue-specific 

expression on their cognate genes, which are the building blocks of red blood cells.  

 

Here we have compared the genome-wide occupancy of Scl/TAL1 in erythroid cells 

between two different individuals. We find that apparently non-pathological sequence 

variation in and around Scl/TAL1 binding sites determines whether multiprotein complexes 

do or do not bind particular regulatory elements. To establish the mechanism by which such 

polymorphisms may cause allele-specific, tissue-specific changes in gene expression, we 

have investigated one variant site in detail, showing how a single common polymorphism 



mediates changes in the binding of many different components of a large multiprotein 

complex giving rise to allele- and tissue-specific expression of the gene that is regulated by 

this element.  

 

 

Materials and Methods 

 

Cell types.   Erythroid cells were obtained using a two-phase culture system as previously 

described (Pope et al., 2000).  Non-erythroid cells were EBV-transformed B lymphocyte cell 

lines.  

 

ChIP and ChIP-Seq.  Chromatin immunoprecipitation was performed as previously 

described (De Gobbi et al., 2007). Briefly, for one immunoprecipitation, 1x107 cultured 

primary human erythroblasts or EBV-transformed B lymphocytes were cross-linked with 1% 

formaldehyde for 10 minutes.  DNA was sheared by sonication to fragments under 500 base 

pairs.  Antibodies used were H3ac (06-599, Millipore), H3K4me3 (ab8580, Abcam), 

H3K4me1 (07-436, Millipore), RNA polymerase II (sc-9001, Santa Cruz), GATA-1 (sc-1234, 

Santa Cruz), and Scl/TAL1 (gifted by C. Porcher). ChIP DNA was analysed by quantitative 

real time PCR, calculated relative to input and normalized to a positive control.  For details of 

primers and probe sequences see Table S1.  ChIP DNA was processed for Illumina High-

throughput sequencing according to Illumina protocol. 

 

ChIP-Seq data analysis. Reads were aligned to the repeat masked hg18 reference genome 

(UCSC Genome Browser repeatmasker track) using bowtie (version 0.12.3) (Langmead et al., 



2009) with the –m reporting option set to 2.  Replicates C1a and C1b yielded 4.7 million and 

22 million, and C2a and C2b 4.1 million and 8.5 million uniquely aligned reads, respectively 

(Supp. Figure S1A, GEO accession number GSE42390). Since it has been shown that in 

ChIP-Seq studies the sensitivity of peak detection increases with the number of mapped reads 

(Fujiwara et al., 2009, Bernstein et al., 2012), reads from all replicates were merged. Peak 

detection was performed as follows using SeqMonk Software 

(http://www.bioinformatics.babraham.ac.uk/projects/seqmonk/).  SeqMonk, using the “contig 

probe generator” option (230 bp contig of overlapping reads with a depth cutoff of 3), was 

used to call peaks.  Peaks in C1 and C2 were then quantified by normalising the number of 

reads in each peak for the total number of reads detected within peaks.  Of the 4538 total 

peaks initially identified, in order to minimize background noise only peaks containing a 

minimum of 32 reads in either C1b or C2b were retained.  These peaks were then overlapped 

and annotated with the Encode generated file 

(ftp://hgdownload.cse.ucsc.edu/apache/htdocs/goldenPath/hg18/encodeDCC/wgEncodeMapa

bility/wgEncodeDukeRegionsExcluded.bed6.gz), which contains regions in the genome 

which strongly overreact in high-throughput sequencing experiments due to large copy 

number differences between the real genome and the genome build, and therefore normalize 

poorly.  After removal of these regions, 2936 peaks remained.  

In order to identify differentially bound regions between C1 and C2, a two-classes paired-test 

Rank Product analysis (500 permutations, FDR<0.2) was performed (MeV4.6 TM4 

Software).  Whilst an FDR of 0.2 is relatively permissive, we hypothesised this was 

reasonable given the relatively small number of peaks analysed, and that a subset of 

identified differences were subject to subsequent confirmation by alternative methods (e.g. 

RT-PCR). 



 

Expression analysis. Expression analysis was carried out as previously described (Lower et 

al., 2009).  The mean of expression of NME4 in Group A samples (G/G) is set to 100%, and 

expression in Group B samples (G/C) is expressed relative to this mean, for each tissue 

analysed.  

 

Electrophoretic mobility shift assay (EMSA). Nuclear extracts from K562 

erythroleukaemia cells were prepared, and EMSAs were carried out as described previously 

(Crossley et al., 1996).  Double strand oligonucleotides were prepared by annealing 28 bp 

oligonucleotides containing either the G or the C variant of the NME4 intronic GC-box 

(chr16:389546-389573, hg18 build sequence; Table S2), radiolabeled and incubated with 3-5 

µg nuclear extract protein.  For antibody supershift assay, 0.4 µg of Sp1 (sc-59, Santa Cruz), 

Sp3 (sc-13018, Santa Cruz), EKLF and BKLF (both gifted by M. Crossley) antibody was 

added before addition of the probe, and samples were incubated on ice for 2 hours.  The 

protein/DNA interaction were resolved on a 5% non denaturing polyacrylamide gel (37.5 :1 

acrylamide:bis-acrylamide, 0.25X TBE), followed by exposure to x-ray film. 

 

Statistical analysis.  Significance of differences in expression between Groups A and B was 

calculated with a 2-tailed Student’s t-test assuming non-equal variance.  

 

Pyrosequencing.  The ratio of expression of allele-specific transcripts of NME4 was 

ascertained by pyrosequencing.  Primer and dispensation information has been published 

previously (Lower et al. 2009).  Peak height is directly proportional to the amount of 

nucleotide incorporated.  Analysis was performed in duplicate and an average obtained.   



 

Sequence information.  All human sequence positions correspond to the International 

Human Genome Sequencing Consortium Human Mar. 2006 (hg18) Assembly sequence. The 

NME4 gene corresponds to sequence position chr16:387193-390755;  eNME4 corresponds to 

sequence position chr16:389609-390755.   SNP reference numbers refer to dbSNP build 132. 

 

 

Results 

 

The Genome-wide Occupancy of Scl/TAL1 In Human Primary Erythroid Cells 

 

ChIP-Seq experiments using an Scl/TAL1 antibody were carried out in primary 

erythroid cells cultured from two individuals of Caucasian origin (C1 and C2). Cell surface 

expression of the transferrin receptor (CD71) and glycophorin A (GPA) was analysed in 

order to ensure that all cell populations were harvested at equivalent stages of erythroid 

differentiation (Supp. Figure S2A).   ChIP-Seq libraries were prepared from two biological 

replicates for each individual after validation by qPCR analysis of Scl/TAL1 binding at 

known targets within the α and β-globin loci (Supp. Figure S2B).  

Global analysis of these data sets (see Materials and Methods and Supp. Figure S1A) 

identified a total of 2936 Scl/TAL1 bound regions from both individuals that were used for 

further analysis.  This approach identified known functional Scl/TAL1 target sequences, 

previously reported in human and in mouse erythroid cells (including the α globin MCS-Rs, 

β globin LCR, ALAD, EPB42, GATA1, GYPA, KIT, KLF1, LMO2, PRDX2, RUNX1, 

Scl/TAL1, TRIM10) (Figure 1 and Supp. Table S3). Compared to a recently published global 



map of Scl/TAL1 binding in human pro-erythroblasts (Palii et al., 2011) we identified fewer 

binding sites, which can be mostly accounted for by the increased stringency of our analysis. 

Nevertheless, these peaks showed a very high overlap (80%) with the previously published 

data (Palii et al., 2011) (Supp. Figure S1B), confirming that we had successfully identified 

bona fide Scl/TAL1 targets in this analysis. 

To identify the specific sequences responsible for the chromatin occupancy by 

Scl/TAL1, we undertook MEME and DREME de novo motif finding analysis (Machanick 

and Bailey, 2011) (Supp. Figure S3). We identified the previously known predominant 

Scl/TAL1 binding sequence (WGATAR; GATA motif), confirming that most often 

Scl/TAL1 binding is directed by interactions with GATA factors.  Our dataset revealed the 

combinatorial CTG(n9)GATA motif as the most significant composite motif (MEME output 

in Supp. Figure S3).  In addition, other motifs were also significantly enriched at the 

Scl/TAL1 targets, as predicted by JASPAR CORE 2009 (Supp. Figure S3). Amongst these 

were binding sites for known TFs (Sp/XKLF, RUNX1, NFE2), implying that the combined 

action of ubiquitous and tissue-specific TFs can determine the specificity of Scl/TAL1 

binding in vivo.  

 

 

 

Scl/TAL1 Occupancy Varies Between Individuals 

 

Having produced a high-resolution map of Scl/TAL1 genomic targets in erythroid 

cells, we next investigated how many of these targets varied between these two individuals.  

We first ensured that the number of sequence reads within Scl/TAL1 peaks were closely 



correlated between both individuals (Figure 2A). We found a very tight correlation between 

both individuals (R2=0.89) with few outliers.  In order to detect differential Scl/TAL1 bound 

regions, we used a two-class paired-test Rank Product analysis (MeV4.6 TM4 Software). 

This method detects regions that are consistently different in the two sets of replicated 

experiments, independent of their numerical intensities.  Fourteen regions were found to bind 

more in C1 compared to C2 (Figure 2A, red dots) and 11 regions more in C2 compared to C1 

(Figure 2A, purple dots) (500 permutations, FDR=0.2). Examples of the differential binding 

signal in the two individuals are shown in Figure 2B-C, Supp. Figure S4A-D and Supp Figure 

S5-S6.  Having found that 25/2936 (0.8%) of Scl/TAL1 binding regions differed significantly 

between these two individuals, we validated a sample of 14 differential peaks (7 from each 

set of differential bound regions) using standard ChIP-qPCR.  All interrogated regions were 

validated as true differential binding sites as compared to a set of control peaks, which were 

found to be of similar intensity in the two individuals (Supp. Figure S4E). 

We next examined the DNA sequences underlying the observed differential binding. 

Given that we had identified both the combinatorial CTG(n9)GATA binding site, and an 

enrichment of other TF binding sites within our identified Scl/TAL1 peaks (Supp. Figure S3), 

we chose to analyse the underlying sequence in both individuals, extending 500bp either side 

of  the differential Scl/TAL1 peaks (Supp. Table S4).  This revealed that 100% of the 14 

differential binding regions validated by qPCR contained at least one putative GATA binding 

site (Table 1).  We found that WGATAR motifs were directly disrupted by SNPs in five 

regions (Peaks 1-5, Table 1), most likely resulting in the observed inability to bind Scl/TAL1. 

In another region, the identified polymorphism created a new E-box site adjacent to a 

WGATAR site (Peak 6, Table 1), presumably resulting in this sequence gaining an ability to 

bind Scl/TAL1.  SNPs were also found in relative close proximity (7-85 bp) to a GATA site 



in four regions (Peaks 7-10, Table 1), whereas strikingly, in two regions, SNPs were >200 bp 

away from the GATA site (Peaks 11-12, Table 1). Finally, one region was deleted, as part of 

a >1kb deletion (Peak 13, Table 1), and in one region no sequence differences were identified 

within 500bp of the differential binding peak (Peak 14, Table 1). The latter case indicates that 

other factors (e.g. trans-acting, epigenetic or long-range interaction) may play a role in TF 

recruitment.  In this respect, it is notable that 2 regions (Peaks 7 and 11) which were bound 

by Scl/TAL1 in C1 and were not bound in C2 were only 25kb apart from each other (Supp. 

Figure S4C).  

In summary, the sequence variants underlying the different Scl/TAL1 binding  

showed several patterns, two of which might be expected (variation in the E-box recognised 

by Scl/TAL1, and variants in the GATA motif to which frequent partners of Scl/TAL1, the 

GATA factors, bind).  Others were unexpected, such as variants in motifs that are moderately 

distant from the key binding site motif, or even sequences with no variants, implying 

alterations at a second site or epigenetic differences.  These insights were studied in more 

depth at a locus encoding the NME4 gene (OMIM 601818). 

 

 NME4 is Bound by Scl/TAL1 and Exhibits Allele-Specific Expression 

 

NME4 is a widely expressed gene (encoding a dinucleotide kinase (Milon et al., 1997) 

that lies 200kb downstream of the α globin genes (which are exclusively expressed in 

erythroid cells). During evolution, NME4 has acquired a non-conserved GATA-1 site, which 

forms a new element that recruits both Scl/TAL1 and GATA1 in vivo, resulting in the 

production of an alternative erythroid-specific transcript  (Figure 3A) (Lower et al., 2009). 

We have previously shown that in erythroid cells the distal enhancer of the α globin genes 



physically interacts (over a distance of 300kb) with the NME4 allele in-cis, and significantly 

up-regulates (by a factor of ~10-fold) expression of the full length NME4 transcript compared 

to non-erythroid cells (Lower et al., 2009). 

 

We analysed expression of NME4 in a number of normal individuals. In non-erythroid 

cells, all individuals (Groups A and B) expressed similar levels of NME4 (Figure 3B) 

consistent with the presence of two functional NME4 genes. However, in erythroid cells, one 

group of individuals (Figure 3B, Group B) displayed a level of expression approximately 

50% of others (Figure 3B, Group A). Pyrosequencing studies performed on a known 

synonymous SNP (rs14293:G>A, referred to here on as the tracking SNP), lying within both 

the widely expressed and erythroid-specific transcripts of NME4, showed that the observed 

reduction of the erythroid-specific expression in group B was due to specific reduction in the 

expression of one allele of NME4 (the allele with A at the tracking SNP) (Figure 3C). 

 

In view of our global survey of sequence variants affecting TF binding at GATA sites, 

we hypothesized that the allele-specific reduction of NME4 may be due to the local effect of 

a sequence polymorphism affecting either the known GATA site or its surrounding region. 

We therefore sequenced 350 bp either side of the element associated with the transcription 

start site of eNME4 in all individuals. Within this region we identified 7 SNPs, all of which 

are documented in dbSNP (Supp. Table S5). Of the 7 SNPs (6 being polymorphic in at least 

3/7 individuals screened), only one (rs2071914:G>C) was found to segregate with the 

observed NME4 expression pattern i.e. was homozygous (G/G) in 4 individuals with 

erythroid bi-allelic expression of NME4 (Group A in Figure 3) and heterozygous (G/C) in 

individuals with highly-skewed erythroid expression of NME4 (Group B in Figure 3). 



Interestingly, this SNP was contained within a predicted GC-box lying 55 bp upstream of the 

eNME4 transcription start site (TSS) (Figure 3A). 

 

SNP rs2071914 Abrogates the Binding of TFs in vitro  

 

 The finding of a polymorphic GC-box in the vicinity of a canonical GATA binding 

site was analogous to that seen in a region identified as having differential Scl/TAL1 binding 

in the genome-wide analysis (Peak 7, Table 1). Therefore, we performed functional studies to 

explore how the GC box could be involved in recruiting a TF complex (Sp/XKLF, Scl/TAL1, 

GATA) at the NME4 locus. 

 Given that many Sp/XKLF factors (e.g. Sp1, Sp3, BKLF and EKLF) are known to 

recognize and bind to GC-box elements, we hypothesized that the C variant of the SNP 

within the GC-box may be affecting the recognition of this site by such TFs.  Therefore we 

carried out electrophoretic mobility shift assays (EMSAs) using double-strand oligos 

containing either SNP variant (Supp. Table S2). The G variant oligonucleotide was found to 

show a complex protein-binding pattern (Figure 4A, lane 2), which with the addition of 

specific antibodies was shown to include Sp1, Sp3 and BKLF (Figure 4A, lanes 3, 4 and 6).   

Anti-EKLF antibody did not cause a shift of this protein-DNA complex as EKLF protein is 

not expressed in K562 cells; this observation supports antibody specificity within this in vitro 

system (Figure 4A, lane 5).  In contrast to the G oligonucleotide, the C oligonucleotide 

displayed no protein binding at all (Figure 4A lane 8), confirming, at least in vitro, that this 

polymorphism abrogates recognition of this sequence as a functional GC box. 

 

 



SNP rs2071914 Perturbs Scl/TAL1 Recruitment at eNME4  

 

We then went on to analyse the effect of this polymorphism on TF binding in vivo.  

We were unable to identify a C/C homozygote at this SNP, but we were able to carry out 

ChIP in a number of G/C heterozygotes at SNP rs2071914 (referred to here-on as the 

functional SNP).  Due to limited sample material, and as we had already established 

abrogation of Sp1, Sp3 and BKLF binding at the GC-box in vitro, we went onto analyse the 

binding of tissue-specific TFs (Scl/TAL1 and GATA-1), as well as activating histone 

modifications (H3ac and H3K4me3), and RNA polymerase II (PolII) recruitment, by ChIP 

analysis in primary erythroblasts. This confirmed that individuals heterozygous for the 

functional SNP (C/G) displayed approximately 50% of the level of enrichment of these TFs 

or histone modifications (Figure 4B).  This suggests that the presence of an intact GC-box 

can be a determinant for recruitment of functionally active tissue-specific TFs at 

neighbouring elements, which by themselves are not capable of any in vivo regulatory 

activity. These results give functional support that GATA and GC-box sites co-operate, and 

contribute towards recruiting and/or stabilizing TF binding in a tissue-specific manner. 

 In addition to being either homozygous or heterozygous at the functional SNP, and 

regardless of their level of expression of NME4, these individuals were all heterozygous at 

the tracking SNP (rs14293) (Figure 3A).  PCR products containing both functional and 

tracking SNPs were cloned and sequenced in order to establish the phase for each SNP.  In all 

individuals, the A allele of the tracking SNP was in phase with the C allele of the functional 

SNP.  Due to their close proximity, the functional and tracking SNPs are likely to both be 

present within the same sonicated fragments of DNA (sonication was carried out to generate 

fragments of ~500bp). Therefore, the tracking SNP was used in a pyrosequencing 



quantitative assay to determine which allele of NME4 was enriched in chromatin fractions 

immunoprecipitated by antibodies recognising TFs and active histone modifications. 

Genomic samples of all individuals (functional SNP heterozygotes and homozygotes) were 

analysed to confirm heterozygosity at the tracking SNP and to determine specificity of the 

assay (genomic, Figure 4C). When assaying the ChIP material, individuals homozygous for 

the functional SNP had equal enrichment from both alleles (Figure 4C, black dots).  However, 

individuals heterozygous for the functional SNP clearly showed skewing towards enrichment 

for only one allele; in all cases, enrichment came from the allele of the tracking SNP which 

was linked to the G variant of the functional SNP (Figure 4C, grey dots).  This provides clear 

evidence that the C variant of the functional SNP (rs2071914) does indeed abrogate binding 

of these TFs in vivo. This results, in erythroid cells, in both the loss of eNME4 transcription, 

in addition to the loss of the upregulated expression of full length NME4, highlighting the 

profound effect that SNPs which perturb Scl/TAL1 recruitment to chromatin can have on 

tissue-specific gene expression (Figure 5).  

 

 

Discussion 

 

Using erythropoiesis as a cellular model, we have shown in detail how common sequence 

variation (SNPs and CNVs) can affect the binding of TF complexes at regulatory elements to 

produce tissue-specific and allele-specific changes in gene expression with no significant 

change in phenotype.  Detailed analysis of erythroid elements that are commonly bound by 

the TFs GATA, Scl/TAL1 and SpXKLF revealed the principles by which formation of 

multiprotein complexes at such elements may be perturbed by common SNPs.  These 



common SNPs act in cis and directly affect, or are in close proximity to, motifs required for 

the recruitment of Scl/TAL1 (GATA site and E-box) or other associated TFs (GC-box).  

Nevertheless, in three regions identified in our genome-wide study, no DNA polymorphisms 

were found in close proximity (<100 bp) to GATA sites, suggesting that other factors might 

account for such binding differences. One possibility is that activation of such a regulatory 

element may depend on activation of another distal linked cis-acting element. This may occur 

when multiple, widely separated elements work together, providing different components of a 

multiprotein complex within the context of a transcription factory. Clearly, a regulatory SNP 

in one element could affect the recruitment of factors to another element, even though the 

sequence of the second element is unchanged. In this respect, it was of interest that 2 regions 

bound by Scl/TAL1 in C1 and not in C2 were only 25kb apart from each other, however the 

significance of this is not clear.  Another possibility is that one allele has acquired an 

epigenetic change even though the sequence remains unaltered, as occurs at imprinted or X-

inactivated loci (Jeon et al., 2012; Koerner and Barlow, 2010). 

 

Searches for SNPs that affect binding of specific TFs naturally focus on the known 

consensus binding site for that factor. However, detailed analysis of the Scl/TAL1 

polymorphic site at NME4 demonstrates why this approach may be misleading. To examine 

the potential functional effect of SNPs lying beyond the predicted canonical binding site, we 

undertook detailed analysis of a locus-specific (NME4) regulatory SNP, which revealed how 

such polymorphisms can have an effect on gene expression.  The erythroid specific 

pentameric complex (containing Scl/TAL1) would be predicted to bind to the canonical 

GATA sequence (WGATAR) situated at the TSS of eNME4. However, an upstream 

polymorphism within a GC-box is clearly abrogating the binding of not only the GC-box 



binding TFs (SpX and xKLF) but also the erythroid specific TFs (Scl/TAL1 and GATA1) 

which should recognize and bind to the downstream GATA site.  This upstream 

polymorphism clearly results in the loss of active chromatin histone modifications, PolII 

recruitment and transcription. This shows that the recognition of a TF binding site is clearly 

context dependent, and that co-operativity with proteins binding at elements in the 

surrounding sequence may play a crucial role for the recruitment of a specific TF.  In light of 

the recent ENCODE data, which found that co-binding of one group of transcription factors 

is often affected by the binding of another transcription factor (Gerstein et al., 2012) it is 

likely that the situation we describe at NME4 is a common occurrence in the genome, and 

functional studies such as these will be required to determine the true functional effect of this 

variation. 

 

While sequence variation associated with monogenic diseases most frequently lie within the 

gene itself, sequence variation associated with common, complex disorders is more likely to 

occur in the non-coding regulatory regions of the genome. A key question to ask in this field 

is; what are the principles by which such variation leads to observed changes in tissue-

specific, and often allele-specific, expression? The functional SNP within the GC-box at 

NME4, despite affecting the binding site of an ubiquitous TF, has no effect on gene 

expression in non-erythroid cells, implying that SNPs within cis-regulatory elements, in some 

cases, might be functional only in the presence of tissue-specific TFs.  This finding has 

significance beyond NME4, as analysis of the ENCODE data found that one third of all 

DNaseI hypersensitive sites (taken as an indication of TF binding) were found in only one 

cell type, revealing the extent to which regulation of the genome, and hence the effect of 

these SNPs, varies between tissues (Neph et al., 2012). 



 

Interestingly, despite a very large change in gene expression, we find that no apparent 

physiological effect results from the presence of this SNP in erythroid cells. In addition, 

whilst we were not able to obtain samples from individuals homozygous for the non-

functional version of the SNP, such individuals do exist (as annotated in dbSNP), and to the 

best of our knowledge have no associated pathology.  Nevertheless, this is exactly the type of 

variation which may be found in association with predisposition to particular common 

diseases. Given the exponential growth in genome-wide association studies in which 

numerous SNPs are being implicated in the aetiology of common complex disorders, this 

study elucidates molecular mechanisms that might account for phenotypic diversity and 

highlights the importance of carrying out functional characterisation of non-coding 

polymorphisms associated with disease risk in clinically relevant tissues. 
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Figure Legends 

 

Figure 1. Detection of Scl/TAL1 binding sites in primary human erythroblasts. 

Four examples of Scl/TAL1 ChIP-Seq peaks are shown. Shown for each locus are (from top 

to bottom): hg 18 genomic coordinate; RefSeq gene annotation; ChIP-Seq profile in C1 and 

C2. The sequencing reads are visualized as peaks and mapped along the specific sequence in 

GBrowse. Within each track, the peak height reflects the number of mapped reads.  

 

Figure 2. Differential Scl/TAL1 binding sites in C1 and C2. 

A. Correlation plot showing the number of reads per peak of all Scl/TAL1 bound regions 

identified in C1 and C2. Linear regression and R2 correlation index are shown. In the right 

panel, which focuses on the data within the dashed lines, the differential bound regions, 

identified by non-parametric rank product statistical analysis, are highlighted in red (C1>C2) 

and in purple (C2>C1) 

B-C. Examples of Scl/TAL1 differential peaks. The loci are annotated as in Fig. 1A. 

Differential peaks are indicated with an arrow. 

 

Figure 3. Variable expression of NME4 in normal individuals. 

A. Schematic representation of the genomic structure of NME4 and eNME4.  Black boxes, 

exons; gray box, alternative erythroid-specific exon; full lines, introns; dashed lines, splicing 

of mature transcript; light gray lines, expanded region.  The DNA sequence surrounding the 

transcription start of eNME4 is shown.  The predicted GC-box is in blue, and contains the 

functional G/C SNP (rs2071914:G>C, indicated by a vertical arrow).  The GATA site 

underlying the eNME4 transcription start site (TSS) is shown in red.  The tracking A/G SNP 



(rs14293:G>A, indicated by a vertical arrow) is also shown.  The horizontal arrow represents 

the TSS of the erythroid-specific transcript.  The red box represents the position of amplicon 

389776 (referred to in Figure 4). 

B. Expression of NME4 in erythroid and non-erythroid cells. Expression is normalised to 

CD71 (erythroid) and to 18S (non-erythroid), and expressed relative to the mean expression 

of group A (see text).  Error bars are +/- 1 SD. Group A, n=4, black bars. Group B, n=3, 

green bars 

C. Allele-specific expression of NME4, as determined by pyrosequencing (see Materials and 

Methods for details) in non-erythroid (EBV) and erythroid cDNA.  All samples are 

heterozygous (A/G) for SNP rs14293, except for A/A and G/G genomic DNA controls 

(indicated by *). Individuals in Group A (n=4; black dots) were found to be homozygous 

(G/G) and individuals in Group B (n=3; green dots) were found to be heterozygous (G/C) for 

SNP rs2071914. 

 

Figure 4.  The C variant of SNP2071914 abolishes binding of TFs in vitro and in vivo. 

A. Electrophoretic mobility shift / super-shift assay. The 28bp double stranded 

oligonucleotides containing the native surrounding NME4 sequence, differ only at the SNP 

rs2071914 (Table S2). Protein-DNA complexes were observed with the G allele upon 

addition of nuclear extract (lane 2), and specific complexes could be super-shifted with the 

addition of anti-Sp1 (lane 3), anti-Sp3 (lane 4) and anti-BKLF (lane 6) antibodies as indicated.  

There is no super-shift upon addition of anti-EKLF antibody as EKLF is not expressed in 

K562 cells (lane 5).  Protein binding was completely abolished on the C allele 

oligonucleotide (lane 8).  Addition of K562 nuclear extract is indicated by +. 



B. Transcription factor binding, chromatin modifications and PolII at eNME4.  Real-time 

analysis of ChIP enrichment at HS-40, α-globin promoters, eNME4 and a negative control 

DECR2. Enrichment is relative to input and normalized to amplicons 162909 (H3ac, 

H3K4me3 and PolII) or 103432 (Scl/TAL1 and GATA1).  Values represent the mean of 3 

(G/G) or 4 (G/C) independent experiments +/- 1SD.   

C. Proportion of the G allele (rs2071914) of NME4 contributing to total ChIP enrichment, 

determined by pyrosequencing (see Materials and Methods for details).  All samples are 

heterozygous (A/G) for the tracking SNP rs14293, except for an A/A and a G/G genomic 

control (indicated by *).  Samples are grouped according to homozygosity (G/G, black dots; 

n=3) or heterozygosity (G/C, grey dots; n=4) for the functional SNP rs2071914. Note that the 

A allele of the tracking SNP was always found in phase with the C allele of the functional 

SNP (see text). 

 

Figure 5.  Schematic representation of the tissue-specific regulation of expression of eNME4. 

A.  When a G is present at SNP2071914, the functional GC box is able bind the xKLF/SP1/3 

factors, the downstream GATA1 site is able to bind the erythroid specific transcription 

factors Scl/TAL1, the associated chromatin acquires activating modifications (such as 

H3K4me3 and H3ac), and eNME4 is transcribed. 

B.  When a C is present at SNP2071914, the GC box is no longer functional, which in turn 

abrogates the functionality of the downstream GATA1 site.  The erythroid-specific 

transcription factors do not bind, the activating chromatin modifications are lost, and eNME4 

transcription does not occur. 



SNP2071914 is underlined, with the C (non-functional) variant shown in red; the GC-box is 

highlighted in orange; the GATA1 site is highlighted in green; acetylated histones are shown 

in orange; unmodified histones are shown in green. 

 



Supp. Figure S1.  Experimental validation of Scl/TAL1 ChIP. 

A. Outline of experimental design.  See methods for details. 

B. Venn diagram showing the overlap between the Scl/TAL1 binding sites detected by ChIP-

Seq in this study and those identified in another Scl/TAL1 genome-wide binding analysis 

(Palii et al., 2011). 

 

 

Supp. Figure S2. Characterization of erythroid cultures from C1 and C2. 

A. Flow cytometry profile (CD71, x-axis, and GPA, y-axis) of C1 and C2 erythroblast 

cultures shows homogeneity of the maturation stage across the two cultures. The whole-cell 

culture was used for ChIP assays. 

B. ChIP-qPCR validation at selected regions at the α and β globin loci. The y-axis represents 

the enrichment over input DNA, normalized to the HS-40 positive control sequence. 

 

 

Supp. Figure S3.  DNA motifs underlying Scl/TAL1 occupancy.  For each Scl/TAL1 bound 

region, we extracted the peak sequence and used it for searching de novo motifs with the 

MEME/DREME software (http://meme.ebi.edu.au/meme).  MEME is able to find relatively 

long composite motifs, whereas DREME is a motif discovery algorithm specifically designed 

to find short DNA-binding motifs.  Logos identified by MEME/DREME motif search are 

shown together with the recognizing TF, as predicted by JASPAR CORE 2009, the 

corresponding p-values and the number (n) of the Scl/TAL1 peaks harbouring each motif one 

or more time. 

 



 

Supp. Figure S4.  Examples of differential Scl/TAL1 binding.  

A-D.  The loci are annotated as in Figure 1A.  Differential peaks are indicated by a vertical 

arrow. 

E. qPCR validation of a subset of Scl/TAL1 differentially bound regions. For each region, the 

ratio between the fold enrichment, as measured by comparison with HS-40 at α-globin locus, 

observed in C1 and in C2 is plotted on a log2 scale. Del = region deleted in C1, C1/C2 ratio 

not calculated.  Primer sequences can be found in Table S1. 

 

Supp. Figure S5.  Examples of differential Scl/TAL1 binding patterns in the two sets of 

replicates (C1>C2).  

The locus is annotated as in Figure 1A. Differential peaks are indicated by a vertical arrow. 

 

Supp. Figure S6.  Examples of differential Scl/TAL1 binding patterns in the two sets of 

replicates (C2>C1).  

The locus is annotated as in Figure 1A. Differential peaks are indicated by a vertical arrow. 
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Table 1. Sequence and position of the sequence changes affecting Scl/TAL1 recruitment.  For each of the 14 differentially bound regions, which 
were validated by qPCR, are shown: the genomic coordinate of the peak (hg18); the core sequence containing the GATA binding site and any 
polymorphisms identified in C1 and C2, as annotated in dbSNP. Consensus TF binding sites are highlighted in colour (GATA, red; E-box, blue; 
GC-box, green). Genetic variants bound by Scl/TAL1, as determined by aligning ChIP-Seq reads to the hg18 reference sequence, are underlined. 
 
 Peak Number Peak Coordinates Core Sequence dbSNPs 

GATA site 

1 chr12:8125196-8125527 GTGGTTAAGTTTAC/TCTTTGGGGCGCAG rs3759283 

2 chr19:19389656-19389955 GACA/GTCTGGGGCACTCAGC/ATAA rs1469713; rs1469712 

3 chr1:11823982-11824390 TGCTTATCTTCCCCCACCTTCTACATGGTATT/CAGTCC rs198415 

4 chr16:73494579-73494881 TTC/ATCTGCCAACT/ATTCT-n35-TGATAACTA rs9937638; rs7194514 

5 chr6:157802553-157802848 CAATGTGGTGATAC/ACCTCTCCA rs2180414 

E-box 6 chr2:119649638-119649869 CG/AGCTGGCA-n30-CATAGATATCGT rs112342010 

Adjacent to 

GATA site 

(<100 bp) 

 
7 chr13:41468093-41468389 CAA/GAC-n33-AAGATAA –n15-ACG/AATAA-n52-GGCA/GG 

rs11619622; rs11617432; 

rs9566899 

8 chr15:91799869-91800133 ACACAA/GCCCTTCTTATCTGCAC rs11330687 

9 chr15:96337475-96337870 GAGATATGAATAGTCAACTAAA/GTCAG rs28508084 

10 chr2:23603139-236034378 TGG/AGAATTACATGCTATCTAGGGA rs1356334 

Far from GATA 

site (>200bp) 

11 chr13:41494029-41494354 TCAT/CA-n200-TTATCA-n20-TTATCT-n260-CCCG/AATAA rs9532971; rs73185392 

12 chr6:6424981-64225350 CGGCTAC/AAGTT-n215-ACGATATAAT rs12205172 

Deletion 13 chr22:22718160-22718399 AGGCATATCACGTTCT  

No differences 14 chr7:102968785-102969074 CAGCTGGCAG-n20-CAACCAGCTGG-n25-GTTATCTTT  

 



	
  
Supp. Figure S1.  Experimental validation of Scl/TAL1 ChIP. 

A. Outline of experimental design.  See methods for details. 

B. Venn diagram showing the overlap between the Scl/TAL1 binding sites detected 

by ChIP-Seq in this study and those identified in another Scl/TAL1 genome-wide 

binding analysis (Palii et al., 2011). 



 
Supp. Figure S2. Characterization of erythroid cultures from C1 and C2. 

A. Flow cytometry profile (CD71, x-axis, and GPA, y-axis) of C1 and C2 erythroblast 

cultures shows homogeneity of the maturation stage across the two cultures. The 

whole-cell culture was used for ChIP assays. 

B. ChIP-qPCR validation at selected regions at the a and b globin loci. The y-axis 

represents the enrichment over input DNA, normalized to the HS-40 positive control 

sequence. 

 

 

 

 

 



 
Supp. Figure S3.  DNA motifs underlying Scl/TAL1 occupancy.  For each Scl/TAL1 

bound region, we extracted the peak sequence and used it for searching de novo 

motifs with the MEME/DREME software (http://meme.ebi.edu.au/meme).  MEME is 

able to find relatively long composite motifs, whereas DREME is a motif discovery 

algorithm specifically designed to find short DNA-binding motifs.  Logos identified 

by MEME/DREME motif search are shown together with the recognizing TF, as 

predicted by JASPAR CORE 2009, the corresponding p-values and the number (n) of 

the Scl/TAL1 peaks harbouring each motif one or more time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Supp. Figure S4.  Examples of differential Scl/TAL1 binding.  

A-D.  The loci are annotated as in Fig. 1A.  Differential peaks are indicated by a 

vertical arrow. 

E. qPCR validation of a subset of Scl/TAL1 differentially bound regions. For each 

region, the ratio between the fold enrichment, as measured by comparison with HS-40 

at a-globin locus, observed in C1 and in C2 is plotted on a log2 scale. Del = region 

deleted in C1, C1/C2 ratio not calculated.  Primer sequences can be found in Table 

S1. 



 
Supp. Figure S5.  Examples of differential Scl/TAL1 binding patterns in the two sets 

of replicates (C1>C2).  

The locus is annotated as in Fig. 1A. Differential peaks are indicated by a vertical 

arrow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Supp. Figure S6.  Examples of differential Scl/TAL1 binding patterns in the two sets 

of replicates (C2>C1).  

The locus is annotated as in Fig. 1A. Differential peaks are indicated by a vertical 

arrow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1.  Primer sequences for ChIP analysis 
	
  

ChIP amplicon Forward Primer Reverse Primer Probe 5’ label 3’ label 
103432 (HS-40) CAGGCTCCAGGCCCATATC CCTCCTGCACTGTCCTTTGAC TGCCCAAGAGCTCCTTCTGCAACC 6-FAM TAMRA 
162909 (α globin promoter) GGGCCGGCACTCTTCTG GGCCTTGACGTTGGTCTTGT CCCACAGACTCAGAGAGAACCCACCATG 6-FAM TAMRA 
389776 (eNME4) CCCCAACCATTATCTCTCGCT CGGTGTGTCCAATCATGGC AGGGTACAATGTCGTCCGCGCCTC 6-FAM TAMRA 
401563 (DECR2) TTCCCAAACGGTGTCAAAGG CAAGAAGCGGGAGCAGTACCT CTGCCGGATTTCGCATCCTTCTCTG 6-FAM TAMRA 
53240 (RHBDF1)  GAGATGCTGGAGTCAGGACCAT AGGAGTCAGGAGCAGCAGTCA TCCTAGCTCACCCAGAGGCACAGAGG 6-FAM TAMRA 

95176 (HS-48)  TCCTGACAATGACTATGCAAAAGG TGCACATTTCTGTCTTGGAGATG ATGGCTGGCTTCAAACACACTCTCGC 6-FAM TAMRA 

133169 (HS-10)  TGGCAGGATAGGAGGCCTTA ATGGCGGTGGCCCTTT CCCAGACCAAGTGGCAGGACCG 6-FAM TAMRA 

HS3 (β globin LCR) GTCTCTAAGGACTTGGATTTCAAGGA CACACCAGCTCGCAAAGTCA TTGACTCAGCAAACACAAGACCCTCACG 6-FAM TAMRA 

Chr12:812 AGCTTTCTGGGCAGACTTGGT TCAAGCCTGCCTCATTACAACA N/A   
Chr13:4146 TTGGAGAAGCAGTGCAGACTGT CCAGAGGCCCAATTTGTCA N/A   
Chr13:4149 GGCTTATCAGGTTGGTACAGAAACA GGGCAACTGCTGTCTGCAT N/A   
Chr15:917 GCCCTTCTTATCTGCACCAGTT AACCAATTGCTGGTGAAGGAA CTGCCACATGGCTTGCAGTTGCTTC 6-FAM TAMRA 

Chr19:193 TCGTAGCAGTGGCAGCTGAAT GCTCACTACCCCTAAAACCAAAGA N/A   

Chr2:119 GCCACTGTAGCTGGGATCATAGA ACACAGACTGACTGACTCTCTTCCA N/A   
Chr7:102 GGCAAGCTGCTGCTTTCTG TGGGTATGTGTGTTGGGTTACAC N/A   
Chr1:118   TCGTTCAGTGACGTCATTCTTCTC AAGCATGAATGCCCAATGC CTGGCCCGCCCCCTCTGAC 6-FAM TAMRA 

Chr15:963 GGCTTCACTCTCACCAAATCATT GAGTCACATGTGGGAAAGAGAGAA N/A   
Chr16:734 TTTGTGCAGTGCTCAGTGGTAA TTGGTGCCAACCATGTAGAGAA N/A   
Chr2:236 TGAAGATAAGAGCAAAGCTGTTGGT CCCTTTAATTCTGGTCCTTTGTCA N/A   
Chr22:227 GGCCATCTTCCAAGCCCTAT GTGGGTCCAGGTATCAGAACGT N/A   

Chr6:157 AGTCACGGCTTGCAGAATGA AGAACCGCTGTGCCTCTAGTG N/A   
Chr6:642 TGGCTATCTATCATGTCCACAAAGAG CACTAGTCATGAGCTGCAGTTCCT N/A   

N/A amplicons were analysed with SybrGreen Mastermix (Applied Biosystems). 
 



Table S2.  Oligonucleotide sequences for electrophoretic mobility shift and super-shift assays. 
	
  

Oligo name Forward Strand Reverse Strand 

rs2071914:G GGCCAGCAAAGGGAGGGGCCCTGGATTGAG GGCTCAATCCAGGGCCCCTCCCTTTGCTGG 

rs2071914:C GGCCAGCAAAGCGAGGGGCCCTGGATTGAG GGCTCAATCCAGGGCCCCTCGCTTTGCTGG 

 
 



Table S3. 2936 Scl/TAL1 bound regions identified by ChIP-Seq analysis 
 

 
hg18 build sequence 

  
Normalised number of reads in each Scl/TAL 

Known Scl/TAL1 Targets Chromosom Start End Differential C1a C1b C2a C2b 

 
chr1 101366601 101366877 

 
43.763218 46 15.054323 8.355864 

 
chr1 101521711 101521988 

 
74.39747 37 70.25351 33.423454 

 
chr1 108241745 108242034 

 
74.39747 73 65.235405 86.900986 

 
chr1 109478588 109478955 

 
65.64483 60 25.09054 43.450493 

 
chr1 109542126 109542513 

 
91.902756 100 60.217293 86.900986 

 
chr1 109967199 109967510 

 
61.268505 37 30.108646 25.06759 

 
chr1 111956178 111956448 

 
61.268505 49 20.072432 51.806355 

 
chr1 112087940 112088194 

 
30.634253 37 10.036216 25.06759 

 
chr1 113433143 113433521 

 
61.268505 89 65.235405 75.202774 

 
chr1 114258338 114258755 

 
144.41862 217 125.4527 259.03177 

 
chr1 114422423 114422708 

 
56.89218 52 65.235405 66.84691 

 
chr1 114424686 114425074 

 
43.763218 57 25.09054 58.491047 

 
chr1 114452221 114452549 

 
113.78436 90 70.25351 70.189255 

 
chr1 115999526 115999779 

 
39.386894 19 30.108646 38.436974 

 
chr1 116137314 116137657 

 
48.13954 48 70.25351 43.450493 

 
chr1 116777359 116777712 

 
52.51586 62 60.217293 75.202774 

 
chr1 11679822 11680091 

 
35.010574 48 20.072432 58.491047 

 
chr1 116820573 116820845 

 
21.881609 42 15.054323 15.040555 

 
chr1 116845744 116846028 

 
214.43977 122 155.56134 120.32444 

 
chr1 116848173 116848415 

 
96.27908 81 100.36216 86.900986 

 
chr1 116917579 116917900 

 
83.150116 109 75.27162 108.62623 

 
chr1 11780463 11780803 

 
214.43977 120 180.65189 130.35147 



 
chr1 117955215 117955635 

 
96.27908 121 35.126755 93.58567 

 
chr1 117956759 117957177 

 
39.386894 76 20.072432 75.202774 

 
chr1 117957416 117957740 

 
65.64483 54 60.217293 25.06759 

 
chr1 117989191 117989533 

 
35.010574 40 20.072432 40.108147 

 
chr1 118004013 118004387 

 
26.25793 64 20.072432 58.491047 

 
chr1 11823982 11824390 YES qPCR 17.505287 23 150.54324 180.48665 

 
chr1 11824859 11825268 

 
65.64483 93 115.41648 142.04968 

 
chr1 11865494 11865786 

 
35.010574 31 55.19919 38.436974 

 
chr1 1187398 1187726 

 
17.505287 42 50.18108 33.423454 

 
chr1 11890891 11891186 

 
65.64483 73 65.235405 70.189255 

 
chr1 11980038 11980454 

 
56.89218 81 90.32594 113.63975 

 
chr1 11988079 11988587 

 
166.30023 215 205.74242 267.38763 

 
chr1 120081264 120081688 

 
52.51586 67 75.27162 58.491047 

 
chr1 120218377 120218630 

 
13.128965 35 10.036216 46.792835 

 
chr1 12431430 12431874 

 
83.150116 130 115.41648 110.2974 

 
chr1 143245551 143245834 

 
74.39747 32 15.054323 21.725246 

 
chr1 143715448 143715837 

 
61.268505 50 80.28973 68.51808 

 
chr1 143720843 143721244 

 
157.54758 216 110.39838 177.14432 

 
chr1 143735409 143735699 

 
52.51586 54 30.108646 25.06759 

 
chr1 143741409 143741800 

 
17.505287 33 15.054323 18.3829 

 
chr1 143768485 143768783 

 
52.51586 63 70.25351 43.450493 

 
chr1 144003163 144003565 

 
26.25793 35 10.036216 18.3829 

 
chr1 144151482 144151844 

 
13.128965 16 10.036216 31.752281 

 
chr1 144317489 144317805 

 
118.16069 62 65.235405 85.22981 

 
chr1 147490335 147490688 

 
48.13954 54 5.018108 50.13518 

 
chr1 149216207 149216543 

 
52.51586 42 40.144863 33.423454 



 
chr1 149609592 149609843 

 
70.02115 88 55.19919 76.87395 

 
chr1 149954431 149954845 

 
35.010574 86 45.16297 68.51808 

 
chr1 149955920 149956195 

 
39.386894 35 40.144863 36.7658 

 
chr1 150013481 150013936 

 
39.386894 51 45.16297 31.752281 

 
chr1 151298481 151298767 

 
26.25793 57 40.144863 83.55864 

 
chr1 151354461 151354768 

 
4.376322 42 15.054323 23.396418 

 
chr1 152396823 152397199 

 
26.25793 39 40.144863 25.06759 

 
chr1 152623838 152624142 

 
17.505287 41 40.144863 43.450493 

 
chr1 152787171 152787543 

 
70.02115 80 105.380264 100.27036 

 
chr1 152955116 152955421 

 
52.51586 52 80.28973 45.121662 

 
chr1 153123095 153123437 

 
74.39747 57 115.41648 50.13518 

 
chr1 153537730 153538031 

 
52.51586 36 110.39838 40.108147 

 
chr1 154057764 154058075 

 
8.752644 34 25.09054 38.436974 

 
chr1 154136611 154136989 

 
21.881609 70 45.16297 60.16222 

 
chr1 155114132 155114542 

 
87.526436 89 100.36216 135.36499 

 
chr1 155131478 155131826 

 
70.02115 69 55.19919 85.22981 

 
chr1 15623270 15623525 

 
39.386894 34 55.19919 36.7658 

 
chr1 156392094 156392416 

 
96.27908 95 95.34405 125.33795 

 
chr1 156922970 156923270 

 
52.51586 48 30.108646 53.477528 

 
chr1 156928367 156928729 

 
170.67654 111 140.50702 125.33795 

 
chr1 157055983 157056279 

 
13.128965 38 30.108646 15.040555 

 
chr1 157440527 157441035 

 
21.881609 49 20.072432 25.06759 

 
chr1 157441128 157441485 

 
148.79494 124 90.32594 120.32444 

 
chr1 157503235 157503606 

 
61.268505 40 80.28973 50.13518 

 
chr1 157525551 157525832 

 
8.752644 34 45.16297 18.3829 

 
chr1 157544080 157544410 

 
30.634253 55 35.126755 38.436974 



 
chr1 15827137 15827499 

 
83.150116 63 60.217293 51.806355 

 
chr1 158282846 158283289 

 
175.05287 168 265.95972 182.15782 

 
chr1 158562930 158563225 

 
91.902756 97 55.19919 68.51808 

 
chr1 158776533 158776977 

 
236.32138 218 185.67 235.63536 

 
chr1 159059697 159060078 

 
105.03172 109 110.39838 116.98209 

 
chr1 159094596 159094940 

 
96.27908 106 70.25351 80.21629 

 
chr1 159181401 159181785 

 
70.02115 73 40.144863 50.13518 

 
chr1 159250207 159250599 

 
21.881609 45 30.108646 50.13518 

 
chr1 159402769 159403277 

 
358.8584 226 431.55728 262.3741 

 
chr1 160181783 160182115 

 
35.010574 60 35.126755 68.51808 

 
chr1 160269812 160270123 

 
26.25793 33 30.108646 13.369382 

 
chr1 160609225 160609503 

 
17.505287 65 15.054323 48.46401 

 
chr1 16253161 16253436 

 
21.881609 37 55.19919 48.46401 

 
chr1 162947989 162948573 

 
258.20297 245 281.01404 205.55424 

 
chr1 163008495 163008898 

 
43.763218 38 25.09054 25.06759 

 
chr1 163010604 163010935 

 
65.64483 53 35.126755 71.86043 

 
chr1 16342904 16343211 

 
48.13954 35 70.25351 41.77932 

 
chr1 163881719 163882184 

 
140.0423 117 130.47081 90.243324 

 
chr1 16442261 16442506 

 
35.010574 64 70.25351 78.54512 

 
chr1 16447843 16448262 

 
52.51586 92 50.18108 83.55864 

 
chr1 164820820 164821080 

 
17.505287 42 10.036216 30.08111 

 
chr1 165779120 165779370 

 
13.128965 36 15.054323 16.711727 

 
chr1 165784311 165784563 

 
91.902756 50 65.235405 61.833393 

 
chr1 167429358 167429638 

 
56.89218 57 55.19919 56.819874 

 
chr1 169919621 169920005 

 
21.881609 69 30.108646 36.7658 

 
chr1 170683437 170683769 

 
61.268505 42 110.39838 78.54512 



 
chr1 170692060 170692617 

 
258.20297 244 195.7062 289.11288 

 
chr1 170702099 170702345 

 
43.763218 40 35.126755 50.13518 

 
chr1 170751246 170751549 

 
30.634253 69 50.18108 76.87395 

 
chr1 171057348 171057752 

 
118.16069 91 85.30783 81.88747 

 
chr1 171665547 171666007 

 
35.010574 85 40.144863 31.752281 

 
chr1 172402734 172403078 

 
65.64483 114 110.39838 123.66679 

 
chr1 173417901 173418291 

 
13.128965 38 10.036216 35.094627 

 
chr1 173644798 173645075 

 
17.505287 29 25.09054 31.752281 

 
chr1 173653115 173653451 

 
109.40804 100 90.32594 93.58567 

 
chr1 17608386 17608729 

 
21.881609 32 80.28973 26.738764 

 
chr1 176775953 176776405 

 
166.30023 171 140.50702 225.60832 

 
chr1 177282748 177283219 

 
236.32138 198 321.1589 242.32005 

 
chr1 179159614 179159985 

 
48.13954 84 65.235405 108.62623 

 
chr1 179168976 179169325 

 
122.53701 60 115.41648 71.86043 

 
chr1 179388684 179389147 

 
122.53701 109 140.50702 75.202774 

 
chr1 180362048 180362449 

 
65.64483 84 35.126755 96.92802 

 
chr1 180471971 180472382 

 
87.526436 111 65.235405 123.66679 

 
chr1 180493114 180493413 

 
17.505287 44 40.144863 16.711727 

 
chr1 180527297 180527655 

 
30.634253 71 50.18108 83.55864 

 
chr1 180535793 180536140 

 
157.54758 120 155.56134 121.99561 

 
chr1 180857888 180858181 

 
30.634253 72 20.072432 68.51808 

 
chr1 181027417 181027835 

 
166.30023 134 125.4527 135.36499 

 
chr1 181075636 181075879 

 
83.150116 63 80.28973 68.51808 

 
chr1 184431292 184431617 

 
21.881609 61 25.09054 45.121662 

 
chr1 184699723 184700039 

 
35.010574 53 25.09054 36.7658 

 
chr1 188838099 188838369 

 
30.634253 35 25.09054 26.738764 



 
chr1 190059458 190060005 

 
148.79494 115 145.52513 127.009125 

 
chr1 190513484 190513761 

 
39.386894 54 35.126755 65.175735 

 
chr1 191305714 191305993 

 
91.902756 38 100.36216 40.108147 

 
chr1 195677677 195677998 

 
131.28966 41 75.27162 43.450493 

 
chr1 196904899 196905218 

 
39.386894 38 15.054323 23.396418 

 
chr1 198389930 198390247 

 
26.25793 30 15.054323 38.436974 

 
chr1 198461934 198462263 

 
65.64483 61 80.28973 30.08111 

 
chr1 199389591 199389851 

 
26.25793 39 25.09054 41.77932 

 
chr1 200120230 200120559 

 
61.268505 45 40.144863 41.77932 

 
chr1 200311775 200312193 

 
35.010574 80 55.19919 63.504562 

 
chr1 20069098 20069427 

 
78.77379 40 30.108646 23.396418 

 
chr1 200990127 200990369 

 
30.634253 22 15.054323 65.175735 

 
chr1 201094592 201094868 

 
52.51586 41 60.217293 28.409937 

 
chr1 201180100 201180755 

 
135.66597 248 125.4527 299.13992 

 
chr1 201536137 201536556 

 
65.64483 82 40.144863 33.423454 

 
chr1 201539141 201539570 

 
26.25793 34 10.036216 25.06759 

 
chr1 201547472 201547965 

 
135.66597 178 105.380264 163.77493 

 
chr1 202035793 202036099 

 
26.25793 37 25.09054 30.08111 

 
chr1 202239569 202239911 

 
65.64483 64 80.28973 78.54512 

 
chr1 202463115 202463435 

 
39.386894 55 30.108646 30.08111 

 
chr1 202908081 202908584 

 
301.96622 225 240.86917 177.14432 

 
chr1 203220189 203220551 

 
21.881609 35 60.217293 46.792835 

 
chr1 203392902 203393235 

 
122.53701 93 75.27162 81.88747 

 
chr1 203474012 203474258 

 
21.881609 32 10.036216 10.027037 

 
chr1 203491582 203492158 

 
179.4292 197 155.56134 265.71646 

 
chr1 203580223 203580548 

 
87.526436 122 70.25351 115.31092 



 
chr1 203914393 203914673 

 
13.128965 61 95.34405 86.900986 

 
chr1 204891921 204892426 

 
131.28966 134 175.63377 100.27036 

 
chr1 204899432 204899773 

 
91.902756 108 135.4889 108.62623 

 
chr1 204913249 204913550 

 
43.763218 47 55.19919 43.450493 

 
chr1 205257632 205257910 

 
13.128965 22 20.072432 38.436974 

 
chr1 205264246 205264677 

 
100.6554 146 100.36216 132.02264 

 
chr1 205866197 205866565 

 
35.010574 118 55.19919 147.0632 

 
chr1 206113330 206113832 

 
170.67654 111 160.57945 98.59919 

 
chr1 206577916 206578219 

 
21.881609 40 55.19919 30.08111 

 
chr1 207885765 207886162 

 
113.78436 106 95.34405 105.28388 

 
chr1 207967865 207968106 

 
52.51586 37 40.144863 20.054073 

 
chr1 209567614 209567910 

 
21.881609 37 45.16297 25.06759 

 
chr1 209854688 209855040 

 
70.02115 95 45.16297 81.88747 

 
chr1 209870142 209870557 

 
78.77379 55 50.18108 63.504562 

 
chr1 209870833 209871093 

 
48.13954 27 85.30783 33.423454 

 
chr1 211222449 211222745 

 
26.25793 36 40.144863 28.409937 

 
chr1 211292807 211293102 

 
17.505287 36 25.09054 28.409937 

 
chr1 212659648 212660051 

 
201.3108 158 155.56134 147.0632 

 
chr1 212679344 212679746 

 
17.505287 39 15.054323 36.7658 

 
chr1 212842776 212843051 

 
26.25793 44 30.108646 73.5316 

 
chr1 21465216 21465593 

 
96.27908 57 95.34405 48.46401 

 
chr1 216544516 216544871 

 
39.386894 62 0 50.13518 

 
chr1 21730422 21730696 

 
87.526436 121 90.32594 172.1308 

 
chr1 218146826 218147226 

 
52.51586 76 65.235405 70.189255 

 
chr1 218147503 218147777 

 
35.010574 42 40.144863 38.436974 

 
chr1 21886794 21887199 

 
61.268505 79 90.32594 91.9145 



 
chr1 219206789 219207192 

 
70.02115 95 35.126755 103.61271 

 
chr1 222043300 222043755 

 
109.40804 127 60.217293 140.37851 

 
chr1 222414730 222415029 

 
70.02115 72 55.19919 53.477528 

 
chr1 222646893 222647287 

 
43.763218 97 60.217293 91.9145 

 
chr1 222727207 222727437 

 
78.77379 27 30.108646 36.7658 

 
chr1 222757735 222758232 

 
258.20297 202 215.77864 183.829 

 
chr1 223682488 223682878 

 
507.65332 30 506.8289 41.77932 

 
chr1 224182698 224183152 

 
258.20297 157 225.81485 200.54073 

 
chr1 224253674 224254131 

 
345.72943 153 406.46674 152.07672 

 
chr1 224614643 224615171 

 
113.78436 93 140.50702 113.63975 

 
chr1 225059140 225059544 

 
74.39747 103 55.19919 83.55864 

 
chr1 225514761 225515327 

 
78.77379 82 95.34405 68.51808 

 
chr1 226399935 226400309 

 
131.28966 98 110.39838 121.99561 

 
chr1 2267051 2267311 

 
8.752644 41 30.108646 55.1487 

 
chr1 226767525 226768020 

 
245.07402 230 235.85107 243.99123 

 
chr1 227206613 227206969 

 
78.77379 78 65.235405 101.941536 

 
chr1 227757187 227757946 

 
262.5793 269 270.9778 325.8787 

 
chr1 227956082 227956513 

 
179.4292 155 95.34405 202.2119 

 
chr1 228329410 228329778 

 
91.902756 157 55.19919 157.09024 

 
chr1 228345913 228346322 

 
183.80551 177 195.7062 200.54073 

 
chr1 229119008 229119299 

 
83.150116 72 55.19919 65.175735 

 
chr1 229362498 229362887 

 
118.16069 158 115.41648 148.73438 

 
chr1 232723408 232723656 

 
48.13954 74 15.054323 80.21629 

 
chr1 232807249 232807677 

 
100.6554 79 110.39838 50.13518 

 
chr1 232933096 232933416 

 
109.40804 72 120.434586 63.504562 

 
chr1 232975054 232975479 

 
91.902756 144 70.25351 172.1308 



 
chr1 233078718 233079061 

 
100.6554 107 65.235405 111.968575 

 
chr1 234005235 234005621 

 
35.010574 36 50.18108 30.08111 

 
chr1 234050042 234050281 

 
52.51586 24 45.16297 35.094627 

 
chr1 234167099 234167480 

 
8.752644 33 5.018108 25.06759 

 
chr1 23713206 23713496 

 
87.526436 69 60.217293 68.51808 

 
chr1 23723830 23724240 

 
96.27908 88 80.28973 78.54512 

 
chr1 23977010 23977290 

 
65.64483 105 65.235405 132.02264 

 
chr1 244399033 244399280 

 
4.376322 19 0 36.7658 

 
chr1 246085102 246085556 

 
52.51586 116 70.25351 123.66679 

 
chr1 247174767 247175058 

 
30.634253 35 35.126755 30.08111 

 
chr1 2507084 2507355 

 
48.13954 32 50.18108 30.08111 

 
chr1 26321452 26321729 

 
56.89218 41 35.126755 45.121662 

 
chr1 26325344 26325735 

 
43.763218 61 40.144863 46.792835 

 
chr1 26577416 26577920 

 
39.386894 86 40.144863 73.5316 

 
chr1 26607662 26608002 

 
52.51586 33 170.61566 45.121662 

 
chr1 26743865 26744184 

 
52.51586 55 25.09054 78.54512 

 
chr1 26922505 26922796 

 
21.881609 29 30.108646 36.7658 

 
chr1 26943151 26943439 

 
4.376322 50 30.108646 40.108147 

 
chr1 26990645 26990997 

 
43.763218 42 40.144863 35.094627 

 
chr1 27273416 27273719 

 
30.634253 58 25.09054 56.819874 

 
chr1 27314806 27315059 

 
13.128965 34 10.036216 15.040555 

 
chr1 27568157 27568393 

 
21.881609 34 25.09054 30.08111 

 
chr1 27741808 27742088 

 
13.128965 104 20.072432 85.22981 

 
chr1 28436081 28436361 

 
8.752644 42 20.072432 46.792835 

 
chr1 28477870 28478172 

 
26.25793 47 35.126755 51.806355 

 
chr1 28847609 28847981 

 
126.91333 85 75.27162 81.88747 



 
chr1 29082942 29083320 

 
293.21356 197 361.30377 240.64888 

 
chr1 29232039 29232376 

 
74.39747 40 55.19919 41.77932 

 
chr1 29401923 29402207 

 
43.763218 48 35.126755 48.46401 

 
chr1 30374391 30374796 

 
39.386894 38 40.144863 81.88747 

 
chr1 31014370 31014752 

 
126.91333 201 115.41648 193.85603 

 
chr1 31592246 31592572 

 
87.526436 45 40.144863 50.13518 

 
chr1 3532079 3532370 

 
39.386894 45 25.09054 21.725246 

 
chr1 3681218 3681525 

 
109.40804 48 150.54324 75.202774 

 
chr1 37801241 37801506 

 
13.128965 39 20.072432 25.06759 

 
chr1 37927865 37928297 

 
39.386894 69 95.34405 80.21629 

 
chr1 38161025 38161393 

 
74.39747 48 45.16297 70.189255 

 
chr1 39054041 39054470 

 
39.386894 73 35.126755 80.21629 

 
chr1 39153750 39154020 

 
48.13954 67 35.126755 46.792835 

 
chr1 39285850 39286152 

 
26.25793 38 25.09054 30.08111 

 
chr1 39434534 39434836 

 
30.634253 40 40.144863 28.409937 

 
chr1 39995738 39996209 

 
201.3108 227 230.83296 223.93715 

 
chr1 40274876 40275162 

 
52.51586 42 45.16297 40.108147 

 
chr1 40295750 40296073 

 
35.010574 43 45.16297 21.725246 

 
chr1 40872145 40872608 

 
65.64483 72 125.4527 53.477528 

 
chr1 40947404 40947674 

 
8.752644 31 35.126755 30.08111 

 
chr1 41059119 41059626 

 
192.55817 226 245.88728 279.08585 

 
chr1 42120294 42120680 

 
74.39747 101 70.25351 75.202774 

 
chr1 43063305 43063982 

 
245.07402 219 260.94162 208.89659 

 
chr1 43163181 43163605 

 
109.40804 74 80.28973 75.202774 

 
chr1 43174470 43174873 

 
70.02115 72 105.380264 110.2974 

 
chr1 43190620 43191103 

 
91.902756 70 80.28973 66.84691 



 
chr1 43201181 43201582 

 
280.0846 215 210.76053 280.75702 

 
chr1 43307823 43308157 

 
13.128965 32 5.018108 20.054073 

 
chr1 43605505 43605918 

 
183.80551 91 155.56134 113.63975 

 
chr1 43691364 43691621 

 
17.505287 32 70.25351 13.369382 

 
chr1 44196685 44196933 

 
30.634253 29 40.144863 40.108147 

 
chr1 44274122 44274572 

 
188.18184 142 170.61566 192.18486 

 
chr1 44465492 44465815 

 
17.505287 41 40.144863 51.806355 

 
chr1 44723903 44724241 

 
65.64483 27 30.108646 41.77932 

 
chr1 44876196 44876501 

 
223.19241 118 250.9054 121.99561 

 
chr1 44935292 44935558 

 
26.25793 40 25.09054 43.450493 

 
chr1 45069301 45069563 

 
39.386894 40 60.217293 46.792835 

 
chr1 45250836 45251346 

 
231.94505 107 210.76053 110.2974 

 
chr1 45273910 45274425 

 
105.03172 132 130.47081 118.65327 

 
chr1 46681051 46681353 

 
35.010574 40 70.25351 25.06759 

 
chr1 46850179 46850620 

 
126.91333 104 190.6881 123.66679 

 
chr1 46911037 46911288 

 
35.010574 22 45.16297 31.752281 

 
chr1 46911962 46912285 

 
43.763218 60 40.144863 70.189255 

Scl/TAL-1  chr1 47419361 47420070 
 

586.4271 297 587.11865 334.23456 
Scl/TAL-1 promoter chr1 47470533 47470841 

 
468.26642 44 481.73834 68.51808 

 
chr1 51205252 51205589 

 
78.77379 57 45.16297 21.725246 

 
chr1 51522648 51523143 

 
131.28966 111 85.30783 152.07672 

 
chr1 54613928 54614198 

 
56.89218 41 60.217293 36.7658 

 
chr1 54634575 54634918 

 
39.386894 50 20.072432 51.806355 

 
chr1 54635248 54635686 

 
109.40804 163 115.41648 167.11728 

 
chr1 55385089 55385323 

 
52.51586 33 25.09054 40.108147 

 
chr1 55430446 55430705 

 
39.386894 35 5.018108 30.08111 



 
chr1 57456916 57457369 

 
135.66597 170 100.36216 148.73438 

 
chr1 60205647 60205999 

 
65.64483 51 35.126755 41.77932 

 
chr1 61133037 61133399 

 
39.386894 41 30.108646 20.054073 

 
chr1 61251454 61251941 

 
214.43977 210 270.9778 212.23894 

 
chr1 61287241 61287483 

 
43.763218 74 60.217293 76.87395 

 
chr1 61354525 61355072 

 
105.03172 127 145.52513 100.27036 

 
chr1 61378170 61378622 

 
91.902756 133 155.56134 123.66679 

 
chr1 61408945 61409263 

 
56.89218 78 45.16297 80.21629 

 
chr1 61419689 61420009 

 
122.53701 59 95.34405 43.450493 

 
chr1 62777408 62777754 

 
43.763218 75 15.054323 45.121662 

 
chr1 62928564 62928878 

 
39.386894 68 35.126755 45.121662 

 
chr1 65463127 65463499 

 
39.386894 35 10.036216 20.054073 

 
chr1 65469369 65469764 

 
56.89218 77 60.217293 85.22981 

 
chr1 65650786 65651066 

 
74.39747 43 70.25351 41.77932 

 
chr1 65707569 65707864 

 
21.881609 42 20.072432 31.752281 

 
chr1 65815598 65815926 

 
105.03172 46 125.4527 45.121662 

 
chr1 6649361 6649672 

 
91.902756 76 70.25351 85.22981 

 
chr1 6655126 6655618 

 
428.87955 294 331.19513 302.48227 

 
chr1 66651473 66651768 

 
43.763218 32 60.217293 46.792835 

 
chr1 66771983 66772265 

 
65.64483 48 85.30783 68.51808 

 
chr1 66996511 66996819 

 
26.25793 52 35.126755 38.436974 

 
chr1 67926891 67927186 

 
21.881609 43 60.217293 58.491047 

 
chr1 67971914 67972660 

 
214.43977 332 225.81485 344.2616 

 
chr1 69778276 69778749 

 
113.78436 155 135.4889 155.41907 

 
chr1 72120051 72120383 

 
35.010574 31 35.126755 16.711727 

 
chr1 75710690 75711007 

 
30.634253 36 45.16297 65.175735 



 
chr1 78291069 78291342 

 
100.6554 38 65.235405 36.7658 

 
chr1 84926875 84927298 

 
61.268505 114 70.25351 132.02264 

 
chr1 8524812 8525141 

 
135.66597 112 120.434586 100.27036 

 
chr1 85463332 85463747 

 
70.02115 146 110.39838 118.65327 

 
chr1 87418447 87418784 

 
35.010574 52 90.32594 46.792835 

 
chr1 88919220 88919495 

 
126.91333 45 55.19919 28.409937 

 
chr1 89438954 89439331 

 
39.386894 52 30.108646 16.711727 

 
chr1 90061760 90062094 

 
56.89218 60 30.108646 51.806355 

 
chr1 90213676 90214003 

 
26.25793 28 45.16297 31.752281 

 
chr1 92684739 92685110 

 
30.634253 49 55.19919 33.423454 

 
chr1 93478048 93478335 

 
70.02115 33 40.144863 41.77932 

 
chr1 93685134 93685479 

 
39.386894 72 40.144863 48.46401 

 
chr1 93898334 93898728 

 
48.13954 38 45.16297 15.040555 

 
chr1 93902551 93903149 

 
100.6554 92 90.32594 76.87395 

 
chr1 94238727 94239036 

 
13.128965 31 15.054323 30.08111 

 
chr1 94251247 94251544 

 
26.25793 42 30.108646 30.08111 

 
chr1 94262186 94262705 

 
538.2876 311 486.75647 374.34268 

 
chr1 94873176 94873458 

 
96.27908 49 100.36216 50.13518 

 
chr1 95131020 95131468 

 
140.0423 159 90.32594 167.11728 

 
chr1 95323547 95323966 

 
78.77379 112 75.27162 121.99561 

 
chr1 95353659 95354145 

 
100.6554 105 150.54324 100.27036 

 
chr10 100210632 100211044 

 
43.763218 36 50.18108 11.698209 

 
chr10 100212783 100213126 

 
39.386894 116 60.217293 125.33795 

 
chr10 100659748 100660138 

 
105.03172 136 130.47081 118.65327 

 
chr10 103200070 103200453 

 
140.0423 141 75.27162 138.70734 

 
chr10 103862128 103862385 

 
100.6554 37 70.25351 43.450493 



 
chr10 104349536 104349821 

 
39.386894 38 35.126755 36.7658 

 
chr10 104423923 104424187 

 
30.634253 41 30.108646 43.450493 

 
chr10 104613423 104613757 

 
26.25793 51 15.054323 35.094627 

 
chr10 104713346 104713682 

 
70.02115 86 55.19919 65.175735 

 
chr10 104738723 104739096 

 
39.386894 84 65.235405 61.833393 

 
chr10 105368403 105368898 

 
175.05287 74 150.54324 113.63975 

 
chr10 105388749 105388998 

 
43.763218 31 40.144863 10.027037 

 
chr10 106082207 106082484 

 
21.881609 38 25.09054 43.450493 

 
chr10 111648451 111648793 

 
65.64483 91 90.32594 58.491047 

 
chr10 111731901 111732200 

 
52.51586 63 30.108646 46.792835 

 
chr10 111898953 111899368 

 
52.51586 80 100.36216 93.58567 

 
chr10 111971057 111971363 

 
30.634253 74 20.072432 55.1487 

 
chr10 111971589 111972014 

 
52.51586 74 30.108646 76.87395 

 
chr10 112008247 112008648 

 
48.13954 56 30.108646 60.16222 

 
chr10 11260546 11260812 

 
26.25793 46 25.09054 25.06759 

 
chr10 112877221 112877553 

 
65.64483 42 130.47081 66.84691 

 
chr10 114272086 114272429 

 
13.128965 34 15.054323 10.027037 

 
chr10 114427340 114427639 

 
8.752644 41 20.072432 23.396418 

 
chr10 114810583 114810922 

 
96.27908 47 40.144863 36.7658 

 
chr10 114841474 114841983 

 
113.78436 134 110.39838 85.22981 

 
chr10 116675815 116676342 

 
170.67654 107 145.52513 86.900986 

 
chr10 119125950 119126246 

 
56.89218 73 65.235405 128.6803 

 
chr10 119158521 119158869 

 
35.010574 43 40.144863 48.46401 

 
chr10 119160959 119161329 

 
175.05287 166 175.63377 198.86955 

 
chr10 120840531 120840812 

 
61.268505 31 45.16297 25.06759 

 
chr10 121288115 121288422 

 
78.77379 47 40.144863 33.423454 



 
chr10 121406411 121406652 

 
26.25793 32 30.108646 5.0135183 

 
chr10 121894610 121894880 

 
61.268505 25 40.144863 35.094627 

 
chr10 12347849 12348122 

 
201.3108 132 210.76053 163.77493 

 
chr10 124661472 124661709 

 
43.763218 33 80.28973 41.77932 

 
chr10 126267755 126268079 

 
43.763218 46 80.28973 60.16222 

 
chr10 126371409 126371755 

 
131.28966 92 180.65189 118.65327 

 
chr10 126396454 126397181 

 
266.95563 310 371.34 362.64447 

 
chr10 126728103 126728333 

 
35.010574 34 15.054323 23.396418 

 
chr10 127495022 127495522 

 
113.78436 109 125.4527 110.2974 

 
chr10 127565259 127565770 

 
17.505287 46 30.108646 48.46401 

 
chr10 127572353 127572647 

 
13.128965 35 10.036216 15.040555 

 
chr10 127572653 127573177 

 
17.505287 51 40.144863 38.436974 

 
chr10 127573187 127573719 

 
35.010574 51 20.072432 31.752281 

 
chr10 127591662 127592233 

 
35.010574 63 35.126755 48.46401 

 
chr10 130722114 130722589 

 
109.40804 98 130.47081 118.65327 

 
chr10 13173880 13174209 

 
39.386894 78 35.126755 71.86043 

 
chr10 13497729 13497979 

 
4.376322 25 25.09054 33.423454 

 
chr10 13787725 13788150 

 
293.21356 198 160.57945 220.5948 

 
chr10 15533102 15533547 

 
218.81609 138 145.52513 106.955055 

 
chr10 16847514 16847854 

 
48.13954 59 100.36216 43.450493 

 
chr10 17539108 17539453 

 
74.39747 55 165.59756 61.833393 

 
chr10 17591170 17591499 

 
35.010574 74 30.108646 63.504562 

 
chr10 17660682 17660979 

 
30.634253 43 25.09054 30.08111 

 
chr10 17744798 17745170 

 
201.3108 204 135.4889 223.93715 

 
chr10 19064745 19065020 

 
30.634253 31 30.108646 38.436974 

 
chr10 23012483 23012766 

 
56.89218 78 50.18108 50.13518 



 
chr10 23031438 23031732 

 
65.64483 56 35.126755 48.46401 

 
chr10 26801222 26801499 

 
26.25793 43 45.16297 23.396418 

 
chr10 28823413 28823692 

 
26.25793 45 35.126755 35.094627 

 
chr10 29460913 29461230 

 
43.763218 54 25.09054 36.7658 

 
chr10 30766038 30766292 

 
35.010574 58 45.16297 48.46401 

 
chr10 31081540 31081913 

 
118.16069 107 115.41648 101.941536 

 
chr10 31150166 31150527 

 
21.881609 34 35.126755 43.450493 

 
chr10 33251077 33251512 

 
157.54758 95 150.54324 93.58567 

 
chr10 33256715 33257031 

 
13.128965 77 50.18108 88.57216 

 
chr10 34492137 34492384 

 
13.128965 33 10.036216 45.121662 

 
chr10 43796740 43796988 

 
26.25793 19 50.18108 31.752281 

 
chr10 45168583 45168882 

 
56.89218 79 15.054323 41.77932 

 
chr10 45396962 45397193 

 
26.25793 47 20.072432 25.06759 

 
chr10 46527682 46527935 

 
30.634253 31 30.108646 16.711727 

 
chr10 4880657 4880983 

 
65.64483 38 30.108646 45.121662 

 
chr10 4963758 4964091 

 
26.25793 66 45.16297 55.1487 

 
chr10 51264009 51264621 

 
301.96622 253 270.9778 309.16696 

 
chr10 51756586 51756999 

 
52.51586 64 105.380264 108.62623 

 
chr10 51980029 51980501 

 
258.20297 258 265.95972 290.78406 

 
chr10 51985083 51985388 

 
87.526436 47 75.27162 40.108147 

 
chr10 51995056 51995296 

 
83.150116 78 55.19919 81.88747 

 
chr10 5511566 5511845 

 
52.51586 40 60.217293 31.752281 

 
chr10 5578874 5579186 

 
39.386894 44 50.18108 28.409937 

 
chr10 5911229 5911486 

 
35.010574 30 25.09054 38.436974 

 
chr10 5976818 5977186 

 
87.526436 71 50.18108 56.819874 

 
chr10 6041882 6042226 

 
65.64483 54 75.27162 36.7658 



 
chr10 6063620 6063898 

 
30.634253 42 65.235405 40.108147 

 
chr10 6069655 6070041 

 
96.27908 131 60.217293 127.009125 

 
chr10 61503265 61503524 

 
30.634253 34 45.16297 36.7658 

 
chr10 61503710 61504030 

 
26.25793 33 15.054323 48.46401 

 
chr10 62408252 62408510 

 
39.386894 34 30.108646 33.423454 

 
chr10 63195315 63195786 

 
131.28966 125 95.34405 130.35147 

 
chr10 63210199 63210472 

 
39.386894 38 20.072432 26.738764 

 
chr10 6555401 6555739 

 
39.386894 39 65.235405 35.094627 

 
chr10 69283326 69283657 

 
48.13954 107 30.108646 138.70734 

 
chr10 69700870 69701250 

 
65.64483 73 50.18108 66.84691 

 
chr10 7002275 7002765 

 
175.05287 233 175.63377 259.03177 

 
chr10 70671882 70672191 

 
70.02115 62 35.126755 71.86043 

 
chr10 70722257 70722651 

 
61.268505 65 35.126755 46.792835 

 
chr10 70745296 70745574 

 
30.634253 65 40.144863 75.202774 

 
chr10 71751715 71751954 

 
4.376322 28 5.018108 31.752281 

 
chr10 73068552 73068844 

 
17.505287 38 15.054323 10.027037 

 
chr10 73176869 73177270 

 
61.268505 64 90.32594 68.51808 

 
chr10 73227542 73227827 

 
70.02115 42 45.16297 45.121662 

 
chr10 73702370 73702798 

 
30.634253 86 25.09054 93.58567 

 
chr10 73703588 73704010 

 
87.526436 25 60.217293 48.46401 

 
chr10 73704326 73704837 

 
61.268505 14 70.25351 35.094627 

 
chr10 73706234 73706469 

 
8.752644 6 5.018108 31.752281 

 
chr10 73739508 73739870 

 
61.268505 49 35.126755 63.504562 

 
chr10 73750336 73750599 

 
4.376322 25 30.108646 33.423454 

 
chr10 73750611 73750862 

 
13.128965 44 40.144863 81.88747 

 
chr10 74674760 74675067 

 
65.64483 85 55.19919 86.900986 



 
chr10 75117408 75117809 

 
39.386894 68 35.126755 58.491047 

 
chr10 75386289 75386673 

 
48.13954 35 75.27162 21.725246 

 
chr10 76283837 76284181 

 
39.386894 44 10.036216 26.738764 

 
chr10 77081986 77082305 

 
74.39747 65 70.25351 70.189255 

 
chr10 80457019 80457547 

 
192.55817 143 175.63377 150.40555 

 
chr10 81648137 81648417 

 
8.752644 31 10.036216 35.094627 

 
chr10 82234805 82235134 

 
21.881609 40 25.09054 26.738764 

 
chr10 82247375 82247660 

 
91.902756 52 55.19919 40.108147 

 
chr10 82253785 82254101 

 
61.268505 47 65.235405 20.054073 

 
chr10 88429182 88429489 

 
26.25793 35 50.18108 26.738764 

 
chr10 89250358 89250809 

 
96.27908 151 85.30783 145.39203 

 
chr10 91124042 91124322 

 
52.51586 33 30.108646 28.409937 

 
chr10 91127317 91127777 

 
87.526436 76 65.235405 55.1487 

 
chr10 93776923 93777237 

 
8.752644 42 30.108646 43.450493 

 
chr10 94506060 94506425 

 
43.763218 61 45.16297 23.396418 

 
chr10 97254011 97254319 

 
70.02115 54 50.18108 50.13518 

 
chr10 97414150 97414736 

 
148.79494 172 205.74242 162.10376 

 
chr10 98372125 98372517 

 
39.386894 76 85.30783 63.504562 

 
chr10 98438624 98438919 

 
65.64483 78 85.30783 71.86043 

 
chr10 98578729 98579029 

 
48.13954 70 55.19919 46.792835 

 
chr10 99414289 99414636 

 
43.763218 62 85.30783 78.54512 

 
chr10 99538706 99539085 

 
179.4292 99 205.74242 71.86043 

 
chr10 99986621 99987023 

 
113.78436 192 110.39838 203.88307 

 
chr11 100239095 100239460 

 
140.0423 119 150.54324 121.99561 

 
chr11 10275883 10276125 

 
13.128965 31 0 25.06759 

 
chr11 102829115 102829408 

 
65.64483 46 35.126755 33.423454 



 
chr11 10298137 10298472 

 
39.386894 45 60.217293 45.121662 

 
chr11 10434622 10434950 

 
87.526436 113 85.30783 142.04968 

 
chr11 111074803 111075210 

 
30.634253 58 35.126755 60.16222 

 
chr11 111104978 111105337 

 
48.13954 49 40.144863 41.77932 

 
chr11 111190869 111191139 

 
17.505287 41 10.036216 16.711727 

 
chr11 111318048 111318324 

 
56.89218 32 80.28973 36.7658 

 
chr11 113057132 113057653 

 
52.51586 114 45.16297 103.61271 

 
chr11 113458663 113459044 

 
144.41862 138 120.434586 187.17134 

 
chr11 113486920 113487263 

 
56.89218 41 60.217293 45.121662 

 
chr11 113591791 113592129 

 
48.13954 45 30.108646 38.436974 

 
chr11 11380347 11380735 

 
87.526436 138 50.18108 158.76141 

 
chr11 113825819 113826153 

 
109.40804 47 150.54324 56.819874 

 
chr11 116536830 116537167 

 
30.634253 37 75.27162 25.06759 

 
chr11 116600213 116600587 

 
70.02115 105 50.18108 111.968575 

 
chr11 117285926 117286191 

 
48.13954 41 15.054323 25.06759 

 
chr11 117791553 117791992 

 
30.634253 50 45.16297 40.108147 

 
chr11 117813435 117813690 

 
43.763218 22 40.144863 36.7658 

 
chr11 118404855 118405256 

 
70.02115 69 70.25351 43.450493 

 
chr11 118461425 118461758 

 
122.53701 80 85.30783 86.900986 

 
chr11 118463549 118464150 

 
328.22412 331 411.48483 436.1761 

 
chr11 118469916 118470598 

 
126.91333 32 100.36216 38.436974 

 
chr11 119013382 119013813 

 
183.80551 166 210.76053 208.89659 

 
chr11 119715480 119715819 

 
56.89218 142 65.235405 135.36499 

 
chr11 120412990 120413297 

 
8.752644 60 15.054323 38.436974 

 
chr11 12094502 12094945 

 
78.77379 117 105.380264 143.72086 

 
chr11 12171241 12171701 

 
140.0423 146 105.380264 163.77493 



 
chr11 12179262 12179693 

 
153.17126 197 150.54324 222.26598 

 
chr11 122131412 122131700 

 
61.268505 65 75.27162 58.491047 

 
chr11 12241204 12241795 

 
43.763218 47 45.16297 85.22981 

 
chr11 123455627 123455957 

 
96.27908 65 105.380264 81.88747 

 
chr11 123583273 123583627 

 
131.28966 117 115.41648 167.11728 

 
chr11 125795509 125795824 

 
74.39747 86 110.39838 80.21629 

 
chr11 1275768 1276209 

 
118.16069 160 155.56134 153.7479 

 
chr11 128151972 128152266 

 
17.505287 33 40.144863 26.738764 

 
chr11 128178174 128178477 

 
21.881609 42 35.126755 21.725246 

 
chr11 129452753 129453071 

 
74.39747 123 60.217293 83.55864 

 
chr11 129620525 129621009 

 
35.010574 71 60.217293 88.57216 

 
chr11 132498995 132499281 

 
43.763218 43 30.108646 65.175735 

 
chr11 132502867 132503216 

 
126.91333 90 95.34405 73.5316 

 
chr11 13745629 13745996 

 
61.268505 103 110.39838 100.27036 

 
chr11 14400433 14400757 

 
26.25793 32 20.072432 65.175735 

 
chr11 14635263 14635528 

 
43.763218 42 45.16297 21.725246 

 
chr11 16359327 16359648 

 
35.010574 67 65.235405 70.189255 

 
chr11 16360390 16360698 

 
70.02115 47 75.27162 68.51808 

 
chr11 16582839 16583318 

 
223.19241 77 195.7062 91.9145 

 
chr11 16835294 16835737 

 
135.66597 92 125.4527 55.1487 

 
chr11 1728400 1728739 

 
83.150116 92 80.28973 85.22981 

 
chr11 1756086 1756399 

 
48.13954 39 10.036216 81.88747 

 
chr11 20466593 20466875 

 
17.505287 31 40.144863 23.396418 

 
chr11 2076993 2077355 

 
61.268505 46 125.4527 43.450493 

 
chr11 2281410 2281784 

 
30.634253 43 35.126755 23.396418 

 
chr11 27350334 27350614 

 
87.526436 55 70.25351 58.491047 



 
chr11 27398792 27399152 

 
65.64483 64 55.19919 60.16222 

 
chr11 2756411 2756805 

 
56.89218 42 45.16297 40.108147 

 
chr11 2845544 2845791 

 
52.51586 34 60.217293 5.0135183 

 
chr11 2941560 2941907 

 
30.634253 70 45.16297 65.175735 

 
chr11 3209584 3209983 

 
166.30023 83 135.4889 76.87395 

LMO2 Enhancer -75 chr11 33922799 33923311 
 

249.45035 240 250.9054 260.70294 

 
chr11 34214722 34215133 

 
131.28966 72 115.41648 56.819874 

 
chr11 34416569 34417199 

 
258.20297 88 376.3581 100.27036 

 
chr11 34424508 34424845 

 
61.268505 50 65.235405 60.16222 

 
chr11 34553439 34553694 

 
87.526436 34 55.19919 36.7658 

 
chr11 36231337 36231760 

 
113.78436 71 115.41648 73.5316 

 
chr11 38516965 38517357 

 
144.41862 144 115.41648 157.09024 

 
chr11 3856549 3856782 

 
13.128965 85 25.09054 60.16222 

 
chr11 44759124 44759464 

 
56.89218 64 80.28973 75.202774 

 
chr11 44894840 44895185 

 
39.386894 49 45.16297 43.450493 

 
chr11 45637876 45638235 

 
109.40804 79 95.34405 68.51808 

 
chr11 45972548 45972984 

 
35.010574 48 40.144863 50.13518 

 
chr11 45973546 45973986 

 
83.150116 84 65.235405 91.9145 

 
chr11 46590091 46590325 

 
35.010574 83 40.144863 68.51808 

 
chr11 47034430 47034777 

 
26.25793 37 40.144863 35.094627 

 
chr11 47356459 47356846 

 
65.64483 39 100.36216 36.7658 

 
chr11 47587775 47588119 

 
78.77379 123 50.18108 83.55864 

 
chr11 47984674 47985090 

 
183.80551 162 145.52513 147.0632 

 
chr11 5129491 5129922 

 
96.27908 63 40.144863 56.819874 

 
chr11 5211735 5212469 

 
131.28966 82 80.28973 68.51808 

HS1 Beta-Globin LCR chr11 5253659 5253917 
 

26.25793 45 25.09054 58.491047 



HS2 Beta-Globin LCR chr11 5258353 5258721 
 

183.80551 141 150.54324 207.22542 
HS3 Beta-Globin LCR chr11 5262386 5262837 

 
192.55817 182 165.59756 165.4461 

HS4 Beta-Globin LCR chr11 5265890 5266240 
 

26.25793 41 40.144863 65.175735 

 
chr11 5281401 5281824 

 
30.634253 44 50.18108 38.436974 

 
chr11 56919880 56920260 

 
30.634253 83 85.30783 50.13518 

 
chr11 56948752 56949115 

 
131.28966 101 140.50702 123.66679 

 
chr11 57036711 57037061 

 
61.268505 77 115.41648 91.9145 

 
chr11 57055332 57055606 

 
35.010574 69 40.144863 76.87395 

 
chr11 57172126 57172740 

 
284.4609 288 245.88728 394.39676 

 
chr11 60688408 60688713 

 
91.902756 61 115.41648 75.202774 

 
chr11 60811605 60811835 

 
48.13954 98 65.235405 105.28388 

 
chr11 60870653 60870956 

 
74.39747 59 65.235405 45.121662 

 
chr11 60891499 60891872 

 
96.27908 85 160.57945 111.968575 

 
chr11 61358579 61358938 

 
43.763218 54 75.27162 55.1487 

 
chr11 61444118 61444625 

 
65.64483 118 90.32594 108.62623 

 
chr11 61490577 61491084 

 
48.13954 55 35.126755 38.436974 

 
chr11 61566099 61566400 

 
83.150116 52 95.34405 55.1487 

 
chr11 61920809 61921060 

 
21.881609 31 25.09054 21.725246 

 
chr11 6227686 6227977 

 
96.27908 78 35.126755 46.792835 

 
chr11 6229830 6230348 

 
96.27908 65 110.39838 48.46401 

 
chr11 62365445 62365698 

 
35.010574 103 40.144863 110.2974 

 
chr11 62403433 62403724 

 
83.150116 61 75.27162 66.84691 

 
chr11 63709776 63710196 

 
17.505287 37 65.235405 18.3829 

 
chr11 63859057 63859524 

 
166.30023 195 185.67 259.03177 

 
chr11 64413169 64413417 

 
39.386894 58 20.072432 81.88747 

 
chr11 64945296 64945646 

 
48.13954 39 55.19919 48.46401 



 
chr11 64946741 64947599 

 
166.30023 74 115.41648 66.84691 

 
chr11 64948424 64949022 

 
43.763218 66 25.09054 40.108147 

 
chr11 64949088 64949651 

 
35.010574 41 45.16297 21.725246 

 
chr11 64950271 64951749 

 
218.81609 164 145.52513 80.21629 

 
chr11 65021839 65022144 

 
39.386894 53 15.054323 56.819874 

 
chr11 65027053 65027364 

 
39.386894 30 20.072432 38.436974 

 
chr11 65099115 65099445 

 
78.77379 110 120.434586 105.28388 

 
chr11 65102775 65103021 

 
39.386894 46 40.144863 46.792835 

 
chr11 65160302 65160585 

 
39.386894 52 70.25351 40.108147 

 
chr11 6541104 6541529 

 
56.89218 37 40.144863 58.491047 

 
chr11 65945681 65945969 

 
83.150116 45 215.77864 46.792835 

 
chr11 66128289 66128672 

 
109.40804 115 175.63377 143.72086 

 
chr11 66225971 66226209 

 
61.268505 32 50.18108 31.752281 

 
chr11 66432267 66432768 

 
61.268505 95 80.28973 113.63975 

 
chr11 66439135 66439512 

 
48.13954 122 90.32594 132.02264 

 
chr11 67623556 67623875 

 
52.51586 47 10.036216 26.738764 

 
chr11 69429132 69429538 

 
161.9239 85 125.4527 88.57216 

 
chr11 69505203 69505498 

 
74.39747 28 35.126755 31.752281 

 
chr11 69993911 69994351 

 
109.40804 108 95.34405 88.57216 

 
chr11 71337385 71337718 

 
56.89218 60 35.126755 41.77932 

 
chr11 71384359 71384745 

 
113.78436 102 95.34405 121.99561 

 
chr11 71800648 71800907 

 
48.13954 45 10.036216 46.792835 

 
chr11 71882532 71882897 

 
153.17126 127 120.434586 121.99561 

 
chr11 72571423 72571849 

 
122.53701 95 85.30783 105.28388 

 
chr11 72764670 72764931 

 
39.386894 40 60.217293 31.752281 

 
chr11 73369336 73369690 

 
56.89218 58 95.34405 73.5316 



 
chr11 73405074 73405422 

 
100.6554 132 120.434586 143.72086 

 
chr11 73593833 73594298 

 
210.06345 186 115.41648 190.51369 

 
chr11 73718685 73719186 

 
113.78436 115 60.217293 93.58567 

 
chr11 73826129 73826492 

 
61.268505 79 35.126755 98.59919 

 
chr11 73848267 73848600 

 
13.128965 54 45.16297 60.16222 

 
chr11 74794966 74795275 

 
61.268505 60 60.217293 41.77932 

 
chr11 74894502 74894748 

 
35.010574 29 0 41.77932 

 
chr11 74923773 74924049 

 
48.13954 62 55.19919 66.84691 

 
chr11 74978531 74978976 

 
323.8478 236 245.88728 287.4417 

 
chr11 75168726 75169076 

 
35.010574 34 25.09054 41.77932 

 
chr11 76089074 76089563 

 
170.67654 240 140.50702 230.62184 

 
chr11 76176974 76177280 

 
39.386894 44 55.19919 41.77932 

 
chr11 76415023 76415330 

 
35.010574 76 40.144863 66.84691 

 
chr11 76475817 76476246 

 
183.80551 142 90.32594 192.18486 

 
chr11 76814128 76814374 

 
30.634253 34 40.144863 25.06759 

 
chr11 8180550 8180884 

 
39.386894 72 40.144863 85.22981 

 
chr11 8184422 8184880 

 
376.36368 145 446.6116 153.7479 

 
chr11 85532381 85532612 

 
17.505287 32 40.144863 16.711727 

 
chr11 85537029 85537364 

 
52.51586 59 105.380264 71.86043 

 
chr11 85539976 85540429 

 
161.9239 186 225.81485 220.5948 

 
chr11 85562664 85563068 

 
170.67654 166 190.6881 203.88307 

 
chr11 85564724 85565194 

 
30.634253 84 75.27162 93.58567 

 
chr11 865958 866408 

 
192.55817 176 125.4527 135.36499 

 
chr11 8747087 8747372 

 
8.752644 45 20.072432 61.833393 

 
chr11 8772858 8773168 

 
13.128965 18 30.108646 45.121662 

 
chr11 8966496 8967187 

 
96.27908 122 80.28973 138.70734 



 
chr11 898202 898658 

 
140.0423 149 155.56134 175.47314 

 
chr11 8986153 8986501 

 
26.25793 57 25.09054 43.450493 

 
chr11 9264430 9264687 

 
105.03172 78 120.434586 98.59919 

 
chr11 93419258 93419549 

 
48.13954 68 40.144863 78.54512 

 
chr11 94459694 94460039 

 
35.010574 49 40.144863 45.121662 

 
chr11 94520251 94520663 

 
61.268505 88 80.28973 50.13518 

 
chr11 94915579 94915863 

 
65.64483 97 50.18108 96.92802 

 
chr11 9530001 9530301 

 
35.010574 41 40.144863 21.725246 

 
chr11 97372727 97373087 

 
105.03172 103 60.217293 113.63975 

 
chr12 100614618 100614985 

 
91.902756 85 100.36216 127.009125 

 
chr12 103385282 103385638 

 
144.41862 97 165.59756 95.25684 

 
chr12 103494900 103495150 

 
126.91333 55 140.50702 68.51808 

 
chr12 103516749 103517163 

 
43.763218 63 55.19919 86.900986 

 
chr12 105219603 105220078 

 
175.05287 152 140.50702 140.37851 

 
chr12 107255464 107255817 

 
13.128965 32 35.126755 61.833393 

 
chr12 107607280 107607640 

 
118.16069 60 70.25351 43.450493 

 
chr12 107609470 107609919 

 
122.53701 115 110.39838 132.02264 

 
chr12 107610307 107610652 

 
65.64483 49 65.235405 50.13518 

 
chr12 107617962 107618485 

 
83.150116 75 15.054323 50.13518 

 
chr12 110327494 110327779 

 
122.53701 25 155.56134 43.450493 

 
chr12 110558842 110559133 

 
8.752644 58 15.054323 41.77932 

 
chr12 111273214 111273727 

 
131.28966 298 200.72432 347.60394 

 
chr12 111309000 111309328 

 
30.634253 54 50.18108 45.121662 

 
chr12 112571467 112571892 

 
74.39747 41 55.19919 35.094627 

 
chr12 112855046 112855409 

 
65.64483 73 45.16297 40.108147 

 
chr12 115119253 115119687 

 
148.79494 179 100.36216 152.07672 



 
chr12 115481520 115481896 

 
170.67654 102 135.4889 106.955055 

 
chr12 115964349 115964923 

 
463.8901 353 592.1367 441.1896 

 
chr12 117252523 117252819 

 
87.526436 95 75.27162 70.189255 

 
chr12 118587544 118588211 

 
201.3108 249 120.434586 265.71646 

 
chr12 119213726 119213972 

 
43.763218 50 25.09054 33.423454 

 
chr12 119462563 119463029 

 
153.17126 165 135.4889 165.4461 

 
chr12 119642042 119642423 

 
52.51586 55 75.27162 56.819874 

 
chr12 120644861 120645138 

 
39.386894 32 25.09054 33.423454 

 
chr12 120660554 120660892 

 
91.902756 73 90.32594 101.941536 

 
chr12 120701134 120701579 

 
35.010574 55 80.28973 41.77932 

 
chr12 120793750 120794086 

 
192.55817 184 230.83296 232.29301 

 
chr12 121539629 121539943 

 
52.51586 58 30.108646 68.51808 

 
chr12 121844255 121844578 

 
87.526436 36 65.235405 40.108147 

 
chr12 121945107 121945429 

 
43.763218 74 55.19919 65.175735 

 
chr12 123541305 123541569 

 
8.752644 38 30.108646 25.06759 

 
chr12 125920108 125920524 

 
30.634253 88 45.16297 115.31092 

 
chr12 126820687 126821044 

 
30.634253 37 25.09054 18.3829 

 
chr12 13040490 13040864 

 
140.0423 137 160.57945 168.78845 

 
chr12 13105531 13106034 

 
118.16069 174 130.47081 182.15782 

 
chr12 14887608 14888004 

 
126.91333 110 125.4527 133.69382 

 
chr12 14941016 14941356 

 
52.51586 52 80.28973 33.423454 

 
chr12 151035 151459 

 
105.03172 38 70.25351 35.094627 

 
chr12 151652 152072 

 
39.386894 101 60.217293 81.88747 

 
chr12 15765567 15765886 

 
61.268505 53 20.072432 26.738764 

 
chr12 1895096 1895441 

 
87.526436 67 75.27162 66.84691 

 
chr12 1895835 1896141 

 
17.505287 29 30.108646 36.7658 



 
chr12 1896167 1896533 

 
48.13954 60 40.144863 60.16222 

 
chr12 1896954 1897508 

 
109.40804 74 95.34405 60.16222 

 
chr12 21857373 21857668 

 
56.89218 70 70.25351 61.833393 

 
chr12 22090921 22091328 

 
83.150116 64 90.32594 58.491047 

 
chr12 24994504 24994867 

 
43.763218 46 60.217293 93.58567 

 
chr12 2676767 2677172 

 
87.526436 88 45.16297 78.54512 

 
chr12 26890238 26890630 

 
118.16069 124 205.74242 108.62623 

 
chr12 28180325 28180603 

 
26.25793 12 45.16297 36.7658 

 
chr12 28236321 28236766 

 
56.89218 87 25.09054 98.59919 

 
chr12 30801537 30801883 

 
61.268505 67 35.126755 86.900986 

 
chr12 30823382 30823667 

 
48.13954 31 30.108646 15.040555 

 
chr12 30906737 30907055 

 
61.268505 71 50.18108 50.13518 

 
chr12 3169678 3169941 

 
52.51586 41 35.126755 28.409937 

 
chr12 32044615 32044898 

 
21.881609 79 65.235405 70.189255 

 
chr12 32049738 32050103 

 
301.96622 240 286.03214 330.8922 

 
chr12 40207592 40208056 

 
140.0423 166 235.85107 197.19838 

 
chr12 40765710 40766018 

 
52.51586 38 35.126755 25.06759 

 
chr12 41065450 41065756 

 
26.25793 32 30.108646 16.711727 

 
chr12 43907683 43907989 

 
26.25793 38 15.054323 21.725246 

 
chr12 45887225 45887621 

 
91.902756 90 75.27162 68.51808 

 
chr12 45952422 45952824 

 
100.6554 105 65.235405 86.900986 

 
chr12 46785126 46785511 

 
61.268505 45 30.108646 28.409937 

 
chr12 47913060 47913617 

 
144.41862 161 255.92351 133.69382 

 
chr12 48268928 48269266 

 
13.128965 27 55.19919 38.436974 

 
chr12 48325178 48325579 

 
175.05287 153 125.4527 185.50017 

 
chr12 49080617 49080886 

 
17.505287 32 25.09054 18.3829 



 
chr12 49321630 49321936 

 
56.89218 66 50.18108 80.21629 

 
chr12 49537424 49537716 

 
35.010574 47 20.072432 41.77932 

 
chr12 49581753 49582170 

 
91.902756 65 160.57945 101.941536 

 
chr12 49697630 49697913 

 
26.25793 55 40.144863 48.46401 

 
chr12 49701704 49702106 

 
144.41862 86 105.380264 101.941536 

 
chr12 50202757 50203038 

 
30.634253 56 25.09054 11.698209 

 
chr12 51477251 51477576 

 
100.6554 73 105.380264 58.491047 

 
chr12 51989856 51990330 

 
52.51586 84 35.126755 71.86043 

 
chr12 5199618 5199880 

 
61.268505 43 20.072432 46.792835 

 
chr12 52489177 52489417 

 
17.505287 32 10.036216 21.725246 

 
chr12 52960494 52960934 

 
39.386894 33 35.126755 31.752281 

 
chr12 52965986 52966317 

 
8.752644 36 40.144863 30.08111 

 
chr12 52975658 52976189 

 
275.70828 271 356.28568 344.2616 

 
chr12 52984379 52984835 

 
258.20297 137 165.59756 127.009125 

 
chr12 53246862 53247145 

 
56.89218 53 45.16297 23.396418 

 
chr12 54635397 54635757 

 
52.51586 45 100.36216 56.819874 

 
chr12 54923950 54924245 

 
35.010574 30 35.126755 36.7658 

 
chr12 55719077 55719470 

 
39.386894 49 35.126755 71.86043 

 
chr12 5592025 5592385 

 
70.02115 83 110.39838 100.27036 

 
chr12 56232342 56232666 

 
78.77379 61 95.34405 25.06759 

 
chr12 570531 571339 

 
306.34253 329 351.26755 312.5093 

 
chr12 59610265 59610533 

 
13.128965 33 10.036216 31.752281 

 
chr12 60809364 60809674 

 
35.010574 38 15.054323 16.711727 

 
chr12 60941034 60941456 

 
87.526436 109 70.25351 111.968575 

 
chr12 63806051 63806448 

 
144.41862 214 125.4527 180.48665 

 
chr12 64540705 64541087 

 
140.0423 125 45.16297 113.63975 



 
chr12 6744673 6744905 

 
17.505287 60 5.018108 80.21629 

 
chr12 67546016 67546304 

 
78.77379 93 105.380264 95.25684 

 
chr12 67753150 67753408 

 
30.634253 32 35.126755 13.369382 

 
chr12 68288222 68288483 

 
4.376322 38 5.018108 23.396418 

 
chr12 68303966 68304409 

 
201.3108 234 255.92351 200.54073 

 
chr12 68340257 68340643 

 
223.19241 140 195.7062 118.65327 

 
chr12 6923282 6923762 

 
91.902756 49 25.09054 73.5316 

 
chr12 6944079 6944376 

 
26.25793 41 25.09054 45.121662 

 
chr12 6994548 6994859 

 
13.128965 28 20.072432 31.752281 

 
chr12 7252022 7252496 

 
105.03172 125 115.41648 128.6803 

 
chr12 789673 789914 

 
78.77379 45 50.18108 40.108147 

 
chr12 8125196 8125527 YES qPCR 70.02115 76 10.036216 8.355864 

 
chr12 85821064 85821427 

 
87.526436 80 25.09054 31.752281 

 
chr12 8825223 8825497 

 
13.128965 39 15.054323 18.3829 

 
chr12 88311461 88311837 

 
52.51586 50 55.19919 61.833393 

 
chr12 883567 883980 

 
61.268505 61 65.235405 51.806355 

 
chr12 88458440 88458855 

 
74.39747 78 50.18108 108.62623 

 
chr12 88582041 88582294 

 
87.526436 29 50.18108 36.7658 

 
chr12 88717264 88717608 

 
91.902756 80 70.25351 61.833393 

 
chr12 890860 891180 

 
140.0423 66 85.30783 66.84691 

 
chr12 91321648 91321992 

 
70.02115 120 50.18108 61.833393 

 
chr12 92033082 92033415 

 
39.386894 43 30.108646 38.436974 

 
chr12 92233990 92234292 

 
4.376322 52 25.09054 55.1487 

 
chr12 92291053 92291393 

 
83.150116 79 60.217293 90.243324 

 
chr12 92419978 92420228 

 
13.128965 45 55.19919 26.738764 

 
chr12 93872115 93872460 

 
74.39747 60 55.19919 56.819874 



 
chr12 94018212 94018536 

 
26.25793 56 10.036216 35.094627 

 
chr12 94464375 94464692 

 
39.386894 29 10.036216 31.752281 

 
chr12 95378339 95378577 

 
26.25793 47 10.036216 25.06759 

 
chr12 95390321 95390565 

 
21.881609 40 20.072432 11.698209 

 
chr12 97357976 97358293 

 
52.51586 32 100.36216 26.738764 

 
chr12 9808632 9809032 

 
166.30023 120 100.36216 110.2974 

 
chr13 101006036 101006359 

 
52.51586 51 70.25351 73.5316 

 
chr13 101063128 101063435 

 
126.91333 86 125.4527 155.41907 

 
chr13 104887304 104887604 

 
17.505287 40 15.054323 21.725246 

 
chr13 112403471 112403762 

 
21.881609 53 30.108646 43.450493 

 
chr13 114006096 114006557 

 
105.03172 142 100.36216 147.0632 

 
chr13 114103718 114104000 

 
56.89218 34 35.126755 20.054073 

 
chr13 19678814 19679099 

 
35.010574 34 10.036216 25.06759 

 
chr13 20467673 20468067 

 
140.0423 133 105.380264 125.33795 

 
chr13 23042222 23042504 

 
48.13954 38 20.072432 13.369382 

 
chr13 23332046 23332340 

 
39.386894 92 70.25351 90.243324 

 
chr13 26191836 26192090 

 
21.881609 32 25.09054 18.3829 

 
chr13 26293874 26294125 

 
26.25793 28 10.036216 31.752281 

 
chr13 26455178 26455475 

 
131.28966 111 135.4889 145.39203 

 
chr13 26644318 26644616 

 
65.64483 38 75.27162 36.7658 

 
chr13 27880710 27881009 

 
100.6554 67 45.16297 40.108147 

 
chr13 28047018 28047406 

 
131.28966 130 75.27162 101.941536 

 
chr13 28222640 28222915 

 
4.376322 31 35.126755 31.752281 

 
chr13 28856670 28856962 

 
56.89218 37 15.054323 20.054073 

 
chr13 29054311 29054610 

 
26.25793 41 15.054323 46.792835 

 
chr13 29701184 29701468 

 
13.128965 32 20.072432 23.396418 



 
chr13 29968303 29968708 

 
21.881609 49 65.235405 38.436974 

 
chr13 31647440 31647825 

 
52.51586 91 60.217293 100.27036 

 
chr13 32686398 32686807 

 
157.54758 123 260.94162 158.76141 

 
chr13 32695130 32695429 

 
26.25793 31 45.16297 26.738764 

 
chr13 34821865 34822192 

 
30.634253 37 15.054323 18.3829 

 
chr13 36590224 36590487 

 
48.13954 26 45.16297 36.7658 

 
chr13 40144495 40144845 

 
61.268505 48 65.235405 40.108147 

 
chr13 40153535 40153968 

 
39.386894 36 105.380264 23.396418 

 
chr13 40263042 40263319 

 
30.634253 19 35.126755 31.752281 

 
chr13 40479127 40479429 

 
52.51586 81 40.144863 61.833393 

 
chr13 40935975 40936523 

 
118.16069 187 70.25351 168.78845 

 
chr13 40937755 40938115 

 
8.752644 34 25.09054 31.752281 

 
chr13 41468093 41468389 YES qPCR 52.51586 48 10.036216 13.369382 

 
chr13 41494029 41494354 YES qPCR 48.13954 63 0 8.355864 

 
chr13 43859094 43859438 

 
30.634253 69 60.217293 53.477528 

 
chr13 43870009 43870425 

 
91.902756 110 70.25351 100.27036 

 
chr13 44250976 44251290 

 
74.39747 66 60.217293 26.738764 

 
chr13 45572636 45572923 

 
21.881609 45 30.108646 11.698209 

 
chr13 45655787 45656051 

 
39.386894 41 10.036216 38.436974 

 
chr13 45683332 45683636 

 
30.634253 14 25.09054 43.450493 

 
chr13 48202040 48202436 

 
135.66597 96 135.4889 100.27036 

 
chr13 49318744 49319033 

 
35.010574 50 25.09054 58.491047 

 
chr13 49486593 49486875 

 
91.902756 39 105.380264 30.08111 

 
chr13 50072146 50072448 

 
26.25793 32 30.108646 21.725246 

 
chr13 72361648 72362010 

 
17.505287 64 35.126755 65.175735 

 
chr13 72937175 72937544 

 
48.13954 98 55.19919 93.58567 



 
chr13 72937643 72938017 

 
26.25793 34 30.108646 30.08111 

 
chr13 86327722 86328041 

 
39.386894 42 30.108646 45.121662 

 
chr13 86329096 86329354 

 
30.634253 31 30.108646 35.094627 

 
chr13 88154783 88155191 

 
61.268505 97 65.235405 93.58567 

 
chr13 94112598 94112942 

 
39.386894 54 40.144863 60.16222 

 
chr13 94735965 94736393 

 
131.28966 172 190.6881 213.91011 

 
chr13 96777833 96778176 

 
144.41862 184 160.57945 155.41907 

 
chr13 97673189 97673494 

 
17.505287 52 25.09054 35.094627 

 
chr13 98247051 98247321 YES 39.386894 52 5.018108 18.3829 

 
chr13 98503883 98504309 

 
118.16069 72 95.34405 58.491047 

 
chr13 98652713 98653058 

 
100.6554 53 35.126755 53.477528 

 
chr14 101630203 101630534 

 
26.25793 25 30.108646 41.77932 

 
chr14 102040347 102040782 

 
78.77379 95 110.39838 91.9145 

 
chr14 102536584 102536988 

 
65.64483 123 70.25351 106.955055 

 
chr14 102850650 102850993 

 
56.89218 107 25.09054 78.54512 

 
chr14 102865026 102865429 

 
61.268505 40 50.18108 25.06759 

 
chr14 102879648 102879938 

 
56.89218 89 100.36216 91.9145 

 
chr14 102914249 102914551 

 
26.25793 107 45.16297 113.63975 

 
chr14 102930444 102930759 

 
39.386894 52 60.217293 38.436974 

 
chr14 103266762 103267129 

 
96.27908 172 135.4889 190.51369 

 
chr14 103479813 103480162 

 
17.505287 31 20.072432 41.77932 

 
chr14 103686330 103686581 

 
21.881609 35 15.054323 28.409937 

 
chr14 103694893 103695360 

 
153.17126 137 240.86917 157.09024 

 
chr14 104232433 104232722 

 
35.010574 41 40.144863 15.040555 

 
chr14 104238069 104238410 

 
56.89218 60 45.16297 36.7658 

 
chr14 105382821 105383144 

 
74.39747 67 100.36216 96.92802 



 
chr14 20014820 20015156 

 
13.128965 40 30.108646 23.396418 

 
chr14 20015570 20015948 

 
83.150116 81 85.30783 68.51808 

 
chr14 20020406 20020756 

 
56.89218 53 50.18108 41.77932 

 
chr14 22436365 22436829 

 
153.17126 161 190.6881 160.43259 

 
chr14 22636808 22637324 

 
161.9239 138 135.4889 148.73438 

 
chr14 22651749 22652147 

 
140.0423 140 95.34405 106.955055 

 
chr14 22659709 22659977 

 
8.752644 39 35.126755 11.698209 

 
chr14 23662390 23662797 

 
87.526436 74 65.235405 43.450493 

 
chr14 23699975 23700277 

 
61.268505 42 45.16297 23.396418 

 
chr14 23705692 23705927 

 
52.51586 30 70.25351 50.13518 

 
chr14 23795214 23795846 

 
126.91333 105 105.380264 86.900986 

 
chr14 23813353 23813637 

 
26.25793 43 30.108646 35.094627 

 
chr14 23973075 23973407 

 
52.51586 56 25.09054 30.08111 

 
chr14 24227024 24227379 

 
140.0423 117 130.47081 116.98209 

 
chr14 24523978 24524264 

 
21.881609 39 35.126755 23.396418 

 
chr14 29184110 29184474 

 
17.505287 51 25.09054 25.06759 

 
chr14 30191002 30191399 

 
105.03172 73 110.39838 101.941536 

 
chr14 30598503 30598894 

 
166.30023 180 165.59756 217.25246 

 
chr14 34412308 34412653 

 
91.902756 93 125.4527 128.6803 

 
chr14 49879107 49879465 

 
65.64483 116 100.36216 95.25684 

 
chr14 49880550 49880909 

 
39.386894 83 40.144863 80.21629 

 
chr14 50463463 50463694 YES 35.010574 31 5.018108 8.355864 

 
chr14 51398770 51399361 

 
227.56873 192 205.74242 163.77493 

 
chr14 52523967 52524283 

 
21.881609 69 50.18108 96.92802 

 
chr14 52685390 52685643 

 
35.010574 40 20.072432 30.08111 

 
chr14 54467684 54468021 

 
109.40804 84 75.27162 76.87395 



 
chr14 54634808 54635089 

 
35.010574 24 20.072432 31.752281 

 
chr14 54659070 54659422 

 
43.763218 45 25.09054 21.725246 

 
chr14 54869145 54869469 

 
30.634253 83 35.126755 88.57216 

 
chr14 54907411 54907752 

 
153.17126 142 75.27162 152.07672 

 
chr14 54920354 54920656 

 
39.386894 138 60.217293 138.70734 

 
chr14 58102382 58102710 

 
43.763218 37 60.217293 13.369382 

 
chr14 58718294 58718580 

 
39.386894 31 55.19919 53.477528 

 
chr14 58724184 58724615 

 
48.13954 87 70.25351 80.21629 

 
chr14 61008516 61008838 

 
21.881609 51 50.18108 70.189255 

 
chr14 63816653 63817048 

 
48.13954 49 25.09054 31.752281 

 
chr14 64298570 64299152 

 
35.010574 35 40.144863 33.423454 

 
chr14 64378222 64378590 

 
74.39747 104 125.4527 100.27036 

 
chr14 64381414 64381872 

 
210.06345 198 130.47081 203.88307 

 
chr14 64417001 64417263 

 
48.13954 42 70.25351 30.08111 

 
chr14 64579541 64579856 

 
39.386894 69 45.16297 86.900986 

 
chr14 64580998 64581440 

 
56.89218 112 50.18108 120.32444 

 
chr14 66955379 66955730 

 
166.30023 133 150.54324 132.02264 

 
chr14 67172924 67173312 

 
52.51586 89 130.47081 160.43259 

 
chr14 67831640 67832258 

 
266.95563 206 255.92351 207.22542 

 
chr14 68081459 68081774 

 
43.763218 49 85.30783 60.16222 

 
chr14 68333756 68334070 

 
52.51586 33 20.072432 16.711727 

 
chr14 69162660 69162950 

 
13.128965 42 25.09054 41.77932 

 
chr14 69238352 69238725 

 
74.39747 120 50.18108 105.28388 

 
chr14 69291001 69291332 

 
74.39747 73 65.235405 80.21629 

 
chr14 72016919 72017238 

 
65.64483 50 95.34405 86.900986 

 
chr14 72359790 72360048 

 
39.386894 39 10.036216 31.752281 



 
chr14 72406080 72406454 

 
26.25793 46 75.27162 23.396418 

 
chr14 73277928 73278344 

 
161.9239 99 160.57945 98.59919 

 
chr14 73290005 73290262 

 
91.902756 73 75.27162 68.51808 

 
chr14 73308512 73308751 

 
74.39747 33 55.19919 18.3829 

 
chr14 73397644 73397895 

 
61.268505 59 45.16297 41.77932 

 
chr14 74246906 74247288 

 
91.902756 128 120.434586 147.0632 

 
chr14 74886914 74887398 

 
52.51586 112 85.30783 110.2974 

 
chr14 75369005 75369382 

 
87.526436 64 60.217293 65.175735 

 
chr14 75471056 75471337 

 
48.13954 31 60.217293 13.369382 

 
chr14 76251175 76251465 

 
56.89218 56 90.32594 41.77932 

 
chr14 76304548 76304894 

 
17.505287 44 40.144863 51.806355 

 
chr14 76576459 76576806 

 
87.526436 55 70.25351 76.87395 

 
chr14 76716927 76717218 

 
35.010574 37 50.18108 20.054073 

 
chr14 77361938 77362633 

 
157.54758 218 180.65189 223.93715 

 
chr14 77855573 77855816 

 
26.25793 25 25.09054 33.423454 

 
chr14 77856368 77856724 

 
126.91333 136 155.56134 155.41907 

 
chr14 77976334 77976834 

 
91.902756 76 120.434586 105.28388 

 
chr14 80604345 80604604 

 
43.763218 27 50.18108 36.7658 

 
chr14 88701561 88701931 

 
196.93448 115 110.39838 110.2974 

 
chr14 89005316 89005749 

 
166.30023 105 120.434586 83.55864 

 
chr14 89030105 89030463 

 
96.27908 95 75.27162 98.59919 

 
chr14 89838724 89838963 

 
8.752644 37 10.036216 38.436974 

 
chr14 90109880 90110241 

 
74.39747 55 30.108646 43.450493 

 
chr14 90256558 90256854 

 
105.03172 69 120.434586 88.57216 

 
chr14 90868470 90868867 

 
118.16069 163 200.72432 158.76141 

 
chr14 90907600 90907985 

 
56.89218 66 70.25351 50.13518 



 
chr14 92056510 92056829 

 
70.02115 54 40.144863 56.819874 

 
chr14 93284678 93285033 

 
91.902756 87 100.36216 70.189255 

 
chr14 94722268 94722501 

 
52.51586 42 25.09054 35.094627 

 
chr14 95059331 95059659 

 
17.505287 39 40.144863 16.711727 

 
chr14 95069410 95069737 

 
56.89218 38 55.19919 50.13518 

 
chr14 95080693 95081226 

 
87.526436 70 60.217293 71.86043 

 
chr14 96453448 96453856 

 
56.89218 71 95.34405 81.88747 

 
chr14 97734438 97734725 

 
56.89218 39 50.18108 23.396418 

 
chr14 99678676 99679006 

 
148.79494 95 120.434586 68.51808 

 
chr15 29057866 29058107 

 
39.386894 139 60.217293 155.41907 

 
chr15 29079231 29079669 

 
26.25793 51 35.126755 40.108147 

 
chr15 29335910 29336471 

 
240.6977 254 286.03214 329.22104 

 
chr15 29345478 29345926 

 
214.43977 129 291.05026 103.61271 

 
chr15 29404297 29404711 

 
52.51586 79 55.19919 51.806355 

 
chr15 29445153 29445589 

 
56.89218 61 90.32594 48.46401 

 
chr15 29642551 29642862 

 
21.881609 34 20.072432 20.054073 

 
chr15 31341863 31342209 

 
26.25793 43 40.144863 56.819874 

 
chr15 31521951 31522321 

 
43.763218 54 35.126755 58.491047 

 
chr15 33246234 33246607 

 
140.0423 97 105.380264 93.58567 

 
chr15 33636996 33637328 

 
39.386894 29 60.217293 56.819874 

 
chr15 36403415 36403738 

 
91.902756 63 40.144863 40.108147 

 
chr15 37219405 37220051 

 
266.95563 250 160.57945 252.34708 

 
chr15 37976742 37977104 

 
192.55817 123 185.67 195.5272 

 
chr15 38506727 38507064 

 
100.6554 88 45.16297 90.243324 

 
chr15 38638862 38639275 

 
161.9239 147 80.28973 103.61271 

 
chr15 38825155 38825567 

 
113.78436 127 85.30783 95.25684 



 
chr15 41184628 41184981 

 
17.505287 35 20.072432 43.450493 

 
chr15 41264232 41264505 

 
21.881609 34 5.018108 30.08111 

EPB42 promoter chr15 41300322 41301035 
 

437.63217 320 406.46674 394.39676 

 
chr15 43248770 43249122 YES 74.39747 50 5.018108 38.436974 

 
chr15 43497094 43497384 

 
26.25793 34 40.144863 26.738764 

 
chr15 46659725 46660148 

 
70.02115 102 100.36216 65.175735 

 
chr15 47764791 47765173 YES 13.128965 29 60.217293 68.51808 

 
chr15 48135248 48135506 

 
21.881609 38 5.018108 30.08111 

 
chr15 48340476 48340882 

 
52.51586 55 85.30783 21.725246 

 
chr15 49785881 49786184 

 
21.881609 47 55.19919 28.409937 

 
chr15 49958347 49958651 

 
52.51586 46 15.054323 40.108147 

 
chr15 57190821 57191142 

 
21.881609 50 25.09054 53.477528 

 
chr15 58694733 58695228 

 
30.634253 60 115.41648 66.84691 

 
chr15 60532811 60533212 

 
39.386894 41 40.144863 73.5316 

 
chr15 60563213 60563548 

 
17.505287 43 45.16297 25.06759 

 
chr15 61153121 61153378 

 
13.128965 36 20.072432 21.725246 

 
chr15 61271631 61271881 

 
52.51586 56 45.16297 21.725246 

 
chr15 61913468 61913844 

 
249.45035 90 291.05026 105.28388 

 
chr15 62217620 62217908 

 
13.128965 32 20.072432 48.46401 

 
chr15 62284466 62284710 

 
52.51586 25 30.108646 43.450493 

 
chr15 62296293 62296709 

 
52.51586 54 90.32594 45.121662 

 
chr15 62312624 62312886 

 
17.505287 52 15.054323 40.108147 

 
chr15 62518297 62518660 

 
48.13954 36 75.27162 15.040555 

 
chr15 62774866 62775137 

 
17.505287 32 55.19919 25.06759 

 
chr15 63375541 63375912 

 
48.13954 52 30.108646 20.054073 

 
chr15 63384168 63384402 

 
26.25793 41 15.054323 18.3829 



 
chr15 63630592 63630932 

 
4.376322 46 45.16297 40.108147 

 
chr15 63884372 63884868 

 
214.43977 140 225.81485 180.48665 

 
chr15 64759009 64759416 

 
70.02115 86 60.217293 50.13518 

 
chr15 65130769 65131074 

 
43.763218 47 40.144863 23.396418 

 
chr15 65170596 65170957 

 
61.268505 41 55.19919 38.436974 

 
chr15 65177761 65178021 

 
21.881609 44 45.16297 3.3423455 

 
chr15 67062592 67062938 

 
17.505287 58 45.16297 65.175735 

 
chr15 67193994 67194420 

 
113.78436 91 75.27162 50.13518 

 
chr15 67681570 67681911 

 
8.752644 73 30.108646 78.54512 

 
chr15 67694932 67695382 

 
70.02115 114 130.47081 123.66679 

 
chr15 68527365 68527696 

 
78.77379 32 90.32594 35.094627 

 
chr15 70311576 70311912 

 
26.25793 49 65.235405 51.806355 

 
chr15 71275634 71275957 

 
21.881609 39 15.054323 18.3829 

 
chr15 72071053 72071344 

 
26.25793 32 50.18108 36.7658 

 
chr15 72468996 72469400 

 
214.43977 145 225.81485 188.84251 

 
chr15 72499646 72500092 

 
105.03172 91 140.50702 113.63975 

 
chr15 72689682 72690277 

 
455.13745 399 401.44864 521.4059 

 
chr15 72947053 72947302 

 
48.13954 29 80.28973 48.46401 

 
chr15 73033795 73034265 

 
266.95563 138 220.79675 162.10376 

 
chr15 73102719 73103031 

 
78.77379 38 30.108646 21.725246 

 
chr15 73686107 73686558 

 
100.6554 121 80.28973 121.99561 

 
chr15 73773667 73774261 

 
65.64483 71 70.25351 38.436974 

 
chr15 74368991 74369305 

 
65.64483 49 65.235405 55.1487 

 
chr15 76327394 76327688 

 
126.91333 159 120.434586 160.43259 

 
chr15 76342708 76343103 

 
78.77379 84 105.380264 70.189255 

 
chr15 76356062 76356357 

 
56.89218 43 70.25351 45.121662 



 
chr15 76775332 76775636 

 
26.25793 41 35.126755 18.3829 

 
chr15 79178498 79178859 

 
96.27908 78 75.27162 56.819874 

 
chr15 81315318 81315692 

 
122.53701 144 155.56134 142.04968 

 
chr15 82961657 82961909 

 
135.66597 110 115.41648 162.10376 

 
chr15 83926956 83927330 

 
131.28966 151 40.144863 118.65327 

 
chr15 86972357 86972805 

 
196.93448 115 135.4889 168.78845 

 
chr15 86983029 86983388 

 
13.128965 34 35.126755 30.08111 

 
chr15 87570916 87571273 

 
91.902756 60 125.4527 65.175735 

 
chr15 88444548 88444846 

 
21.881609 46 10.036216 41.77932 

 
chr15 88487440 88487935 

 
153.17126 112 110.39838 91.9145 

 
chr15 88534089 88534403 

 
21.881609 18 25.09054 35.094627 

 
chr15 89185231 89185501 

 
48.13954 84 65.235405 100.27036 

 
chr15 89348742 89349150 

 
74.39747 104 90.32594 86.900986 

 
chr15 89822821 89823206 

 
245.07402 176 250.9054 225.60832 

 
chr15 90961806 90962173 

 
30.634253 34 20.072432 30.08111 

 
chr15 91222690 91223323 

 
140.0423 86 140.50702 100.27036 

 
chr15 91799869 91800133 YES qPCR 30.634253 32 5.018108 1.6711727 

 
chr15 92287887 92288122 

 
21.881609 55 5.018108 33.423454 

 
chr15 94054288 94054590 YES 26.25793 31 5.018108 5.0135183 

 
chr15 96304586 96304936 

 
48.13954 51 100.36216 35.094627 

 
chr15 96337475 96337870 YES qPCR 8.752644 25 55.19919 61.833393 

 
chr15 97080148 97080442 

 
21.881609 25 5.018108 40.108147 

 
chr15 97137701 97137981 

 
35.010574 26 60.217293 63.504562 

 
chr15 99613360 99613721 

 
39.386894 38 15.054323 53.477528 

 
chr15 99809031 99809500 

 
78.77379 77 55.19919 83.55864 

 
chr15 99859408 99859720 

 
43.763218 32 55.19919 23.396418 



HS-40 Alapha-Globin MC chr16 103290 103957 
 

293.21356 362 336.21323 419.46436 

 
chr16 10973637 10974036 

 
56.89218 86 35.126755 73.5316 

HS-33 Alpha-Globin MCS chr16 109787 110385 
 

144.41862 100 95.34405 85.22981 

 
chr16 11103480 11103803 

 
43.763218 61 90.32594 31.752281 

 
chr16 11106452 11106737 

 
26.25793 55 55.19919 28.409937 

 
chr16 11735476 11735770 

 
17.505287 33 5.018108 25.06759 

HS-10 Alpha-Globin MCS chr16 132962 133361 
 

122.53701 109 120.434586 127.009125 

 
chr16 14502818 14503093 

 
52.51586 32 55.19919 28.409937 

 
chr16 15522883 15523864 

 
315.09515 348 341.23132 396.06793 

 
chr16 15606388 15606995 

 
196.93448 144 150.54324 140.37851 

 
chr16 16121658 16122321 

 
56.89218 101 95.34405 93.58567 

 
chr16 164470 164764 

 
65.64483 60 55.19919 73.5316 

 
chr16 1647253 1647609 

 
30.634253 43 40.144863 55.1487 

 
chr16 165054 165545 

 
39.386894 26 65.235405 46.792835 

 
chr16 1810643 1810912 

 
21.881609 37 5.018108 20.054073 

 
chr16 1822706 1823240 

 
135.66597 194 105.380264 185.50017 

 
chr16 19439633 19439919 

 
48.13954 68 35.126755 61.833393 

 
chr16 1944605 1944910 

 
65.64483 44 115.41648 33.423454 

 
chr16 19558817 19559125 

 
17.505287 31 55.19919 23.396418 

 
chr16 21180318 21180703 

 
109.40804 125 155.56134 142.04968 

 
chr16 21427927 21428176 

 
87.526436 138 115.41648 180.48665 

 
chr16 21444176 21444611 

 
43.763218 60 65.235405 100.27036 

 
chr16 21530650 21531033 

 
100.6554 109 85.30783 113.63975 

 
chr16 21562690 21562952 

 
35.010574 59 45.16297 71.86043 

 
chr16 22135079 22135429 

 
56.89218 63 40.144863 41.77932 

 
chr16 23586094 23586391 

 
17.505287 48 10.036216 15.040555 



 
chr16 24035236 24035520 

 
30.634253 49 70.25351 31.752281 

 
chr16 24054571 24054914 

 
35.010574 76 45.16297 68.51808 

 
chr16 24136301 24136640 

 
65.64483 44 10.036216 31.752281 

 
chr16 2469480 2469842 

 
113.78436 133 85.30783 148.73438 

 
chr16 25135616 25135944 

 
21.881609 71 50.18108 45.121662 

 
chr16 28844529 28844819 

 
26.25793 41 55.19919 15.040555 

 
chr16 28928202 28928475 

 
78.77379 49 65.235405 50.13518 

 
chr16 29521116 29521461 

 
253.82666 156 205.74242 192.18486 

 
chr16 29573811 29574041 

 
43.763218 33 80.28973 40.108147 

 
chr16 29582189 29582519 

 
56.89218 39 85.30783 35.094627 

 
chr16 30492208 30492492 

 
70.02115 50 65.235405 36.7658 

 
chr16 30685487 30685920 

 
83.150116 92 110.39838 65.175735 

 
chr16 30996794 30997199 

 
91.902756 64 80.28973 70.189255 

 
chr16 31428069 31428379 

 
4.376322 35 15.054323 38.436974 

 
chr16 314457 314840 

 
21.881609 33 40.144863 28.409937 

 
chr16 31446409 31446908 

 
188.18184 164 150.54324 188.84251 

 
chr16 33830649 33831165 

 
52.51586 61 25.09054 20.054073 

 
chr16 33841753 33842165 

 
21.881609 48 5.018108 20.054073 

 
chr16 3464230 3464582 

 
61.268505 66 55.19919 51.806355 

 
chr16 3836670 3836973 

 
26.25793 59 35.126755 60.16222 

 
chr16 4816603 4816861 

 
48.13954 52 50.18108 56.819874 

 
chr16 4823990 4824302 

 
74.39747 87 50.18108 121.99561 

 
chr16 48289655 48290175 

 
223.19241 129 326.177 162.10376 

 
chr16 48662509 48662860 

 
78.77379 85 80.28973 95.25684 

 
chr16 48854797 48855186 

 
61.268505 67 70.25351 48.46401 

 
chr16 54898671 54898964 

 
39.386894 31 20.072432 26.738764 



 
chr16 54910791 54911161 

 
30.634253 44 25.09054 43.450493 

 
chr16 55212590 55212880 

 
35.010574 46 25.09054 40.108147 

 
chr16 55356278 55356564 

 
43.763218 46 30.108646 26.738764 

 
chr16 558626 558885 

 
65.64483 26 90.32594 43.450493 

 
chr16 56220993 56221341 

 
61.268505 44 110.39838 40.108147 

 
chr16 56281353 56281640 

 
56.89218 73 55.19919 51.806355 

 
chr16 56567852 56568197 

 
61.268505 58 105.380264 93.58567 

 
chr16 57003770 57004036 

 
21.881609 31 25.09054 23.396418 

 
chr16 57008935 57009350 

 
113.78436 48 50.18108 35.094627 

 
chr16 57025566 57025846 

 
35.010574 53 35.126755 48.46401 

 
chr16 57383624 57384013 

 
78.77379 72 105.380264 91.9145 

 
chr16 57451434 57451735 

 
35.010574 55 30.108646 51.806355 

 
chr16 57605426 57605676 

 
78.77379 33 40.144863 20.054073 

 
chr16 65785617 65786172 

 
144.41862 90 170.61566 110.2974 

 
chr16 66051684 66051971 

 
26.25793 38 25.09054 21.725246 

 
chr16 66351550 66352410 

 
271.33194 274 326.177 275.7435 

 
chr16 66372545 66372944 

 
83.150116 63 75.27162 76.87395 

 
chr16 66391785 66392303 

 
70.02115 69 65.235405 81.88747 

 
chr16 67363509 67363851 

 
161.9239 211 180.65189 238.9777 

 
chr16 68099745 68100165 

 
153.17126 179 240.86917 220.5948 

 
chr16 68988013 68988294 

 
21.881609 38 40.144863 46.792835 

 
chr16 69019594 69019881 

 
35.010574 33 20.072432 28.409937 

 
chr16 69287069 69287560 

 
52.51586 151 55.19919 157.09024 

 
chr16 69343830 69344129 

 
17.505287 44 40.144863 46.792835 

 
chr16 70318888 70319271 

 
74.39747 132 90.32594 111.968575 

 
chr16 70605295 70605618 

 
35.010574 36 20.072432 40.108147 



 
chr16 71629073 71629588 

 
113.78436 82 110.39838 80.21629 

 
chr16 73494579 73494881 YES qPCR 8.752644 9 40.144863 50.13518 

 
chr16 73534659 73535032 

 
87.526436 73 85.30783 86.900986 

 
chr16 73634477 73634903 

 
109.40804 157 145.52513 155.41907 

 
chr16 73679022 73679328 

 
21.881609 34 35.126755 20.054073 

 
chr16 74100916 74101156 

 
21.881609 51 35.126755 18.3829 

 
chr16 74212471 74212761 

 
21.881609 35 10.036216 25.06759 

 
chr16 74292502 74292849 

 
43.763218 37 30.108646 56.819874 

 
chr16 76562802 76563169 

 
43.763218 34 25.09054 26.738764 

 
chr16 76569095 76569561 

 
43.763218 91 40.144863 31.752281 

 
chr16 77211320 77211563 

 
39.386894 43 35.126755 36.7658 

 
chr16 77211606 77212071 

 
65.64483 99 80.28973 88.57216 

 
chr16 77701703 77701993 

 
30.634253 53 10.036216 38.436974 

 
chr16 80277442 80277930 

 
140.0423 165 150.54324 167.11728 

 
chr16 8172732 8173114 

 
201.3108 167 205.74242 153.7479 

 
chr16 84065981 84066241 

 
35.010574 24 30.108646 33.423454 

 
chr16 84126564 84126927 

 
96.27908 55 90.32594 56.819874 

 
chr16 84145214 84145600 

 
96.27908 103 125.4527 132.02264 

 
chr16 84208000 84208309 

 
26.25793 34 40.144863 20.054073 

 
chr16 84265191 84265713 

 
153.17126 164 130.47081 155.41907 

 
chr16 8595649 8595983 

 
83.150116 74 160.57945 130.35147 

 
chr16 86445520 86445961 

 
258.20297 152 421.52106 177.14432 

 
chr16 86449210 86449592 

 
109.40804 120 125.4527 158.76141 

 
chr16 8648028 8648407 

 
70.02115 86 55.19919 101.941536 

 
chr16 87052313 87052681 

 
109.40804 94 100.36216 137.03616 

 
chr16 87085510 87085978 

 
166.30023 98 260.94162 83.55864 



 
chr16 87105858 87106170 

 
105.03172 54 110.39838 58.491047 

 
chr16 87117798 87118117 

 
74.39747 35 55.19919 46.792835 

 
chr16 87282045 87282410 

 
56.89218 61 60.217293 60.16222 

 
chr16 87393894 87394191 

 
39.386894 43 60.217293 38.436974 

 
chr16 87586281 87586722 

 
126.91333 72 170.61566 85.22981 

 
chr16 87597984 87598427 

 
428.87955 258 496.7927 295.79758 

 
chr16 87684158 87684484 

 
26.25793 35 75.27162 66.84691 

 
chr16 87692406 87692746 

 
70.02115 83 70.25351 91.9145 

 
chr16 88312925 88313378 

 
78.77379 89 95.34405 81.88747 

 
chr16 8963066 8963330 

 
39.386894 40 50.18108 35.094627 

HS-48 Alpha-Globin MCS chr16 94867 95418 
 

109.40804 149 115.41648 175.47314 

 
chr17 12862235 12862539 

 
17.505287 47 20.072432 31.752281 

 
chr17 13354144 13354548 

 
83.150116 145 90.32594 162.10376 

 
chr17 1499877 1500150 

 
30.634253 54 50.18108 35.094627 

 
chr17 15076495 15076880 

 
26.25793 66 70.25351 30.08111 

 
chr17 15334721 15335078 

 
74.39747 56 40.144863 66.84691 

 
chr17 1580352 1580669 

 
105.03172 65 70.25351 73.5316 

 
chr17 16225071 16225308 

 
8.752644 31 30.108646 15.040555 

 
chr17 16932111 16932534 

 
52.51586 63 55.19919 81.88747 

 
chr17 17072363 17072708 

 
21.881609 48 45.16297 38.436974 

 
chr17 17148467 17148730 

 
43.763218 67 35.126755 65.175735 

 
chr17 19114896 19115357 

 
258.20297 176 270.9778 232.29301 

 
chr17 19854081 19854500 

 
113.78436 195 165.59756 200.54073 

 
chr17 20051263 20051518 

 
61.268505 42 50.18108 36.7658 

 
chr17 21115666 21115957 

 
13.128965 34 20.072432 43.450493 

 
chr17 21116843 21117214 

 
126.91333 129 95.34405 157.09024 



 
chr17 21138429 21138730 

 
96.27908 128 95.34405 172.1308 

 
chr17 21139219 21139615 

 
70.02115 36 90.32594 35.094627 

 
chr17 22825226 22825577 

 
105.03172 123 135.4889 103.61271 

 
chr17 22925113 22925640 

 
13.128965 42 35.126755 38.436974 

 
chr17 22931063 22931335 

 
43.763218 37 25.09054 45.121662 

 
chr17 22953827 22954140 

 
26.25793 36 10.036216 31.752281 

 
chr17 23271731 23272062 

 
13.128965 37 25.09054 23.396418 

 
chr17 23279756 23280034 

 
30.634253 33 45.16297 23.396418 

 
chr17 23319211 23319749 

 
126.91333 189 170.61566 132.02264 

 
chr17 23337939 23338357 

 
91.902756 81 80.28973 73.5316 

 
chr17 23478350 23478739 

 
65.64483 93 70.25351 105.28388 

 
chr17 23524225 23524524 

 
26.25793 31 30.108646 26.738764 

 
chr17 23878356 23878851 

 
91.902756 187 175.63377 163.77493 

 
chr17 24208964 24209424 

 
43.763218 30 65.235405 40.108147 

 
chr17 24209427 24209841 

 
30.634253 22 55.19919 50.13518 

 
chr17 24209854 24210538 

 
91.902756 45 95.34405 80.21629 

 
chr17 24211545 24211924 

 
105.03172 68 50.18108 30.08111 

 
chr17 24212669 24213288 

 
227.56873 107 95.34405 70.189255 

 
chr17 24216290 24216891 

 
266.95563 239 225.81485 257.3606 

 
chr17 24223900 24224326 

 
118.16069 124 140.50702 123.66679 

 
chr17 24231435 24231716 

 
21.881609 31 45.16297 23.396418 

 
chr17 26922065 26922355 

 
48.13954 59 30.108646 36.7658 

 
chr17 27488012 27488443 

 
70.02115 44 50.18108 56.819874 

 
chr17 27494128 27494419 

 
65.64483 37 70.25351 46.792835 

 
chr17 28248532 28248982 

 
109.40804 116 35.126755 130.35147 

 
chr17 29222725 29223394 

 
43.763218 33 95.34405 61.833393 



 
chr17 29225730 29226217 

 
65.64483 64 170.61566 133.69382 

 
chr17 29255674 29255975 

 
17.505287 35 15.054323 53.477528 

 
chr17 29256440 29256889 

 
161.9239 141 180.65189 227.2795 

 
chr17 30236134 30236577 

 
39.386894 71 80.28973 30.08111 

 
chr17 30416116 30416396 

 
39.386894 44 65.235405 41.77932 

 
chr17 30911895 30912226 

 
205.68712 182 155.56134 197.19838 

 
chr17 31912468 31912756 

 
43.763218 52 45.16297 20.054073 

 
chr17 32031011 32031335 

 
4.376322 31 55.19919 21.725246 

 
chr17 32158996 32159308 

 
65.64483 59 60.217293 23.396418 

 
chr17 33159448 33159782 

 
52.51586 30 50.18108 41.77932 

 
chr17 33870045 33870467 

 
39.386894 59 25.09054 81.88747 

 
chr17 34825950 34826366 

 
192.55817 115 130.47081 133.69382 

 
chr17 3490289 3490646 

 
83.150116 46 110.39838 45.121662 

 
chr17 34939286 34939557 

 
26.25793 35 25.09054 30.08111 

 
chr17 35093351 35093632 

 
74.39747 54 85.30783 50.13518 

 
chr17 35329061 35329370 

 
8.752644 30 25.09054 31.752281 

 
chr17 35739707 35740011 

 
39.386894 29 25.09054 40.108147 

 
chr17 35740230 35740706 

 
87.526436 101 95.34405 110.2974 

 
chr17 36910433 36910715 

 
13.128965 36 10.036216 20.054073 

 
chr17 37347858 37348290 

 
210.06345 162 200.72432 187.17134 

 
chr17 37348384 37348809 

 
48.13954 53 50.18108 48.46401 

 
chr17 37725401 37725850 

 
100.6554 133 105.380264 155.41907 

 
chr17 37864984 37865292 

 
43.763218 41 50.18108 56.819874 

 
chr17 37924069 37924396 

 
83.150116 37 50.18108 70.189255 

 
chr17 38023372 38023750 

 
87.526436 78 55.19919 81.88747 

 
chr17 38029655 38030084 

 
43.763218 88 55.19919 83.55864 



 
chr17 38035122 38035630 

 
205.68712 167 130.47081 155.41907 

 
chr17 38038559 38038913 

 
48.13954 51 70.25351 40.108147 

 
chr17 38104608 38104971 

 
61.268505 108 120.434586 81.88747 

 
chr17 38748684 38749104 

 
74.39747 44 35.126755 36.7658 

 
chr17 38793811 38794353 

 
126.91333 136 55.19919 170.45963 

 
chr17 39680419 39681472 

 
170.67654 55 185.67 83.55864 

 
chr17 39699466 39699849 

 
240.6977 221 291.05026 302.48227 

 
chr17 39700895 39701396 

 
113.78436 62 90.32594 63.504562 

 
chr17 39714451 39714801 

 
196.93448 178 255.92351 249.00475 

 
chr17 39716343 39716716 

 
78.77379 46 75.27162 51.806355 

 
chr17 39721237 39721490 

 
65.64483 75 50.18108 83.55864 

 
chr17 39822759 39823066 

 
21.881609 39 45.16297 31.752281 

 
chr17 39826177 39826517 

 
26.25793 57 60.217293 50.13518 

 
chr17 40568540 40568942 

 
61.268505 45 95.34405 81.88747 

 
chr17 40710533 40710809 

 
17.505287 32 30.108646 33.423454 

 
chr17 4099565 4099916 

 
100.6554 117 75.27162 105.28388 

 
chr17 42621772 42622155 

 
170.67654 118 165.59756 160.43259 

 
chr17 42724049 42724349 

 
21.881609 35 60.217293 26.738764 

 
chr17 43242925 43243271 

 
21.881609 34 75.27162 55.1487 

 
chr17 43368332 43368706 

 
26.25793 38 40.144863 21.725246 

 
chr17 43888227 43888505 

 
43.763218 41 50.18108 45.121662 

 
chr17 43921088 43921426 

 
118.16069 74 130.47081 81.88747 

 
chr17 44681557 44682059 

 
166.30023 125 210.76053 125.33795 

 
chr17 451503 451920 

 
166.30023 161 155.56134 167.11728 

 
chr17 45171931 45172622 

 
258.20297 306 235.85107 299.13992 

 
chr17 45193305 45193623 

 
8.752644 43 35.126755 26.738764 



 
chr17 45199202 45199650 

 
105.03172 87 110.39838 123.66679 

 
chr17 45211747 45212124 

 
87.526436 66 55.19919 51.806355 

 
chr17 45586102 45586473 

 
52.51586 53 70.25351 46.792835 

 
chr17 50293527 50293790 

 
56.89218 55 45.16297 35.094627 

 
chr17 50816742 50816981 

 
17.505287 44 10.036216 38.436974 

 
chr17 50872764 50873175 

 
223.19241 133 180.65189 162.10376 

 
chr17 51249215 51249520 

 
21.881609 26 25.09054 33.423454 

 
chr17 5252277 5252592 

 
30.634253 80 25.09054 38.436974 

 
chr17 52853020 52853446 

 
52.51586 65 45.16297 60.16222 

 
chr17 53761896 53762493 

 
91.902756 48 80.28973 38.436974 

 
chr17 53924920 53925368 

 
109.40804 150 95.34405 162.10376 

 
chr17 55070064 55070363 

 
91.902756 113 80.28973 91.9145 

 
chr17 55117194 55117447 

 
65.64483 48 40.144863 36.7658 

 
chr17 55794051 55794491 

 
266.95563 214 270.9778 242.32005 

 
chr17 55820918 55821221 

 
17.505287 57 20.072432 60.16222 

 
chr17 56577047 56577343 

 
48.13954 53 25.09054 45.121662 

 
chr17 58124029 58124378 

 
65.64483 56 70.25351 58.491047 

 
chr17 58812139 58812591 

 
87.526436 126 105.380264 143.72086 

 
chr17 58851650 58852031 

 
35.010574 39 15.054323 46.792835 

 
chr17 58863000 58863333 

 
35.010574 49 55.19919 41.77932 

 
chr17 59201395 59201736 

 
21.881609 33 40.144863 33.423454 

 
chr17 59437813 59438127 

 
13.128965 43 10.036216 35.094627 

 
chr17 59455341 59455624 

 
30.634253 43 35.126755 46.792835 

 
chr17 59595662 59596086 

 
35.010574 46 35.126755 46.792835 

 
chr17 59645191 59645604 

 
201.3108 163 185.67 173.80197 

 
chr17 59964113 59964383 

 
35.010574 33 35.126755 21.725246 



 
chr17 60349608 60349854 

 
87.526436 96 80.28973 103.61271 

 
chr17 60401350 60401685 

 
26.25793 40 50.18108 33.423454 

 
chr17 60599993 60600350 

 
39.386894 87 25.09054 123.66679 

 
chr17 62584755 62585030 

 
8.752644 34 40.144863 16.711727 

 
chr17 68736474 68737067 

 
166.30023 135 115.41648 145.39203 

 
chr17 68982141 68982465 

 
148.79494 96 145.52513 121.99561 

 
chr17 70632064 70632357 

 
43.763218 32 50.18108 31.752281 

 
chr17 70956205 70956494 

 
35.010574 36 20.072432 15.040555 

 
chr17 71143240 71143703 

 
96.27908 72 135.4889 80.21629 

 
chr17 7127041 7127394 

 
91.902756 74 55.19919 85.22981 

 
chr17 71287257 71287608 

 
56.89218 30 70.25351 36.7658 

 
chr17 71356944 71357422 

 
105.03172 98 110.39838 148.73438 

 
chr17 71483904 71484208 

 
48.13954 35 35.126755 23.396418 

 
chr17 71542175 71542521 

 
87.526436 53 50.18108 48.46401 

 
chr17 71862581 71862903 

 
43.763218 46 50.18108 46.792835 

 
chr17 71913640 71913913 

 
83.150116 48 80.28973 41.77932 

 
chr17 71922246 71922560 

 
39.386894 46 55.19919 38.436974 

 
chr17 72224312 72224585 

 
91.902756 43 120.434586 45.121662 

 
chr17 72356333 72356726 

 
56.89218 87 60.217293 75.202774 

 
chr17 72578238 72578574 

 
91.902756 102 155.56134 96.92802 

 
chr17 72579201 72579489 

 
56.89218 38 25.09054 28.409937 

 
chr17 72580357 72580669 

 
30.634253 42 45.16297 50.13518 

 
chr17 72630260 72630592 

 
131.28966 167 155.56134 252.34708 

 
chr17 72728689 72728928 

 
65.64483 75 45.16297 81.88747 

 
chr17 73049725 73050053 

 
21.881609 58 45.16297 40.108147 

 
chr17 73079120 73079640 

 
358.8584 248 381.3762 322.53635 



 
chr17 7328295 7328614 

 
43.763218 20 85.30783 40.108147 

 
chr17 73432690 73433174 

 
109.40804 188 160.57945 232.29301 

 
chr17 73637837 73638125 

 
21.881609 33 70.25351 28.409937 

 
chr17 73653828 73654134 

 
122.53701 41 80.28973 36.7658 

 
chr17 7429682 7430087 

 
70.02115 114 95.34405 113.63975 

 
chr17 7494592 7495126 

 
96.27908 53 175.63377 36.7658 

 
chr17 8017129 8017515 

 
74.39747 64 35.126755 75.202774 

 
chr17 8280673 8280982 

 
30.634253 46 30.108646 55.1487 

 
chr17 8472795 8473145 

 
39.386894 53 25.09054 38.436974 

 
chr17 8553100 8553458 

 
65.64483 92 65.235405 70.189255 

 
chr18 10236229 10236494 

 
35.010574 30 40.144863 33.423454 

 
chr18 12481931 12482258 

 
48.13954 44 15.054323 58.491047 

 
chr18 13299710 13300018 

 
26.25793 32 70.25351 30.08111 

 
chr18 13300361 13300630 

 
35.010574 31 10.036216 25.06759 

 
chr18 13512301 13512670 

 
39.386894 45 80.28973 41.77932 

 
chr18 13574833 13575145 

 
21.881609 32 40.144863 40.108147 

 
chr18 138912 139168 

 
61.268505 98 50.18108 78.54512 

 
chr18 19214798 19215119 

 
39.386894 64 45.16297 60.16222 

 
chr18 22089794 22090114 

 
21.881609 34 10.036216 25.06759 

 
chr18 22101340 22101702 

 
30.634253 38 20.072432 25.06759 

 
chr18 2844025 2844518 

 
78.77379 102 65.235405 66.84691 

 
chr18 2960235 2960471 

 
26.25793 26 15.054323 31.752281 

 
chr18 2972819 2973192 

 
70.02115 90 35.126755 100.27036 

 
chr18 32034350 32034647 

 
96.27908 39 100.36216 31.752281 

 
chr18 3237059 3237344 

 
65.64483 38 80.28973 26.738764 

 
chr18 32552917 32553367 

 
65.64483 77 55.19919 85.22981 



 
chr18 32647770 32648025 

 
48.13954 33 10.036216 31.752281 

 
chr18 33104070 33104303 

 
35.010574 30 45.16297 31.752281 

 
chr18 3642682 3643285 

 
113.78436 123 110.39838 133.69382 

 
chr18 3696475 3696834 

 
70.02115 82 60.217293 100.27036 

 
chr18 3906113 3906577 

 
65.64483 183 100.36216 190.51369 

 
chr18 41297092 41297335 

 
26.25793 14 25.09054 33.423454 

 
chr18 41298696 41298999 

 
35.010574 27 30.108646 40.108147 

 
chr18 41504236 41504502 

 
26.25793 34 5.018108 50.13518 

 
chr18 41520803 41521037 YES 30.634253 34 5.018108 3.3423455 

 
chr18 41556900 41557203 

 
170.67654 117 215.77864 163.77493 

 
chr18 41558063 41558371 

 
56.89218 74 40.144863 91.9145 

 
chr18 41773198 41773562 

 
56.89218 66 45.16297 53.477528 

 
chr18 41987212 41987609 

 
249.45035 146 185.67 85.22981 

 
chr18 42463409 42463696 

 
30.634253 28 25.09054 38.436974 

 
chr18 42545437 42545741 

 
39.386894 27 80.28973 58.491047 

 
chr18 44561707 44561998 

 
17.505287 35 10.036216 31.752281 

 
chr18 44852968 44853319 

 
96.27908 81 65.235405 105.28388 

 
chr18 49978162 49978462 

 
43.763218 82 50.18108 95.25684 

 
chr18 50689519 50689860 

 
52.51586 51 65.235405 41.77932 

 
chr18 50691478 50691762 

 
35.010574 44 30.108646 28.409937 

 
chr18 52450309 52450585 

 
4.376322 54 20.072432 46.792835 

 
chr18 52869726 52870161 

 
118.16069 68 95.34405 65.175735 

 
chr18 53406500 53406886 

 
175.05287 116 135.4889 116.98209 

 
chr18 53477785 53478148 

 
39.386894 96 25.09054 93.58567 

 
chr18 53485065 53485437 

 
39.386894 66 30.108646 63.504562 

 
chr18 53486250 53486532 

 
21.881609 31 5.018108 18.3829 



 
chr18 53874170 53874470 

 
43.763218 36 45.16297 28.409937 

 
chr18 53936318 53936594 

 
30.634253 65 75.27162 80.21629 

 
chr18 58268681 58269048 

 
70.02115 108 85.30783 101.941536 

 
chr18 58269246 58269607 

 
26.25793 31 15.054323 33.423454 

 
chr18 58843983 58844253 

 
13.128965 53 25.09054 23.396418 

 
chr18 607958 608406 

 
78.77379 61 45.16297 40.108147 

 
chr18 66196545 66196803 

 
21.881609 33 25.09054 65.175735 

 
chr18 66266866 66267144 

 
70.02115 49 90.32594 56.819874 

 
chr18 66439988 66440257 

 
8.752644 33 20.072432 23.396418 

 
chr18 70060678 70061164 

 
56.89218 92 85.30783 70.189255 

 
chr18 70155789 70156076 

 
39.386894 38 40.144863 23.396418 

 
chr18 75088727 75089009 

 
13.128965 25 25.09054 33.423454 

 
chr18 75120247 75120596 

 
17.505287 51 10.036216 38.436974 

 
chr18 75367996 75368380 

 
87.526436 61 90.32594 90.243324 

 
chr18 75805855 75806207 

 
4.376322 18 145.52513 118.65327 

 
chr18 75836110 75836410 

 
8.752644 36 10.036216 33.423454 

 
chr18 8810420 8810769 

 
17.505287 36 35.126755 33.423454 

 
chr18 8838275 8838589 

 
56.89218 35 95.34405 21.725246 

 
chr18 9792547 9792851 

 
48.13954 42 40.144863 21.725246 

 
chr18 9793432 9793909 

 
245.07402 212 245.88728 250.6759 

 
chr19 10271205 10271578 

 
61.268505 33 75.27162 30.08111 

 
chr19 10515246 10515538 

 
385.11633 41 411.48483 43.450493 

 
chr19 10649418 10649764 

 
43.763218 51 70.25351 55.1487 

 
chr19 10781410 10781694 

 
35.010574 32 60.217293 40.108147 

 
chr19 10870841 10871388 

 
157.54758 171 115.41648 152.07672 

 
chr19 1158529 1159300 

 
520.7823 151 657.37213 172.1308 



 
chr19 12756262 12756768 

 
83.150116 208 65.235405 227.2795 

PRDX2 intron 3 chr19 12772051 12772392 
 

39.386894 45 30.108646 55.1487 

 
chr19 12804267 12804539 

 
35.010574 15 85.30783 40.108147 

 
chr19 12857938 12858418 

 
126.91333 67 155.56134 90.243324 

KLF intron 1 chr19 12858704 12859170 
 

43.763218 42 50.18108 20.054073 
KLF1 promoter chr19 12859248 12859664 

 
223.19241 140 270.9778 180.48665 

 
chr19 12919586 12920072 

 
131.28966 98 35.126755 115.31092 

 
chr19 13041357 13041879 

 
157.54758 173 205.74242 198.86955 

 
chr19 13049099 13049561 

 
135.66597 141 75.27162 167.11728 

 
chr19 13074416 13074840 

 
853.38275 43 1129.0742 65.175735 

 
chr19 13869129 13869421 

 
43.763218 113 35.126755 115.31092 

 
chr19 15265022 15265428 

 
109.40804 127 85.30783 128.6803 

 
chr19 15266386 15266800 

 
87.526436 57 85.30783 58.491047 

 
chr19 15374257 15374641 

 
39.386894 55 35.126755 88.57216 

 
chr19 16050721 16051092 

 
56.89218 83 40.144863 83.55864 

 
chr19 16287878 16288113 

 
43.763218 68 80.28973 41.77932 

 
chr19 17253295 17253743 

 
131.28966 68 135.4889 45.121662 

 
chr19 1787790 1788153 

 
56.89218 65 45.16297 45.121662 

 
chr19 17971376 17971729 

 
245.07402 203 255.92351 270.72998 

 
chr19 18062936 18063322 

 
61.268505 44 70.25351 55.1487 

 
chr19 18128890 18129214 

 
140.0423 52 205.74242 75.202774 

 
chr19 1823451 1823689 

 
56.89218 39 55.19919 38.436974 

 
chr19 18345636 18345878 

 
118.16069 106 140.50702 132.02264 

 
chr19 18515870 18516142 

 
205.68712 175 195.7062 203.88307 

 
chr19 19031963 19032291 

 
183.80551 117 160.57945 155.41907 

 
chr19 19389656 19389955 YES qPCR 96.27908 61 20.072432 6.684691 



 
chr19 2214646 2214903 

 
100.6554 54 75.27162 60.16222 

 
chr19 2690117 2690418 

 
30.634253 60 45.16297 66.84691 

 
chr19 3454008 3454362 

 
65.64483 65 75.27162 73.5316 

 
chr19 34996451 34996702 

 
21.881609 28 80.28973 45.121662 

 
chr19 40563227 40563471 

 
21.881609 31 20.072432 31.752281 

 
chr19 4081639 4082131 

 
87.526436 83 100.36216 66.84691 

 
chr19 41283264 41283496 

 
30.634253 30 20.072432 38.436974 

 
chr19 4325997 4326275 

 
26.25793 20 35.126755 43.450493 

 
chr19 4326700 4327099 

 
65.64483 68 65.235405 101.941536 

 
chr19 43335515 43335808 

 
48.13954 44 30.108646 28.409937 

 
chr19 43452502 43452861 

 
91.902756 137 120.434586 115.31092 

 
chr19 43453125 43453459 

 
26.25793 33 45.16297 26.738764 

 
chr19 43499569 43499959 

 
87.526436 98 110.39838 127.009125 

 
chr19 43726580 43726921 

 
52.51586 35 20.072432 21.725246 

 
chr19 43847389 43847678 

 
48.13954 38 30.108646 23.396418 

 
chr19 43858718 43859022 

 
35.010574 33 35.126755 26.738764 

 
chr19 44517650 44517953 

 
65.64483 54 105.380264 51.806355 

 
chr19 45662352 45662846 

 
214.43977 172 326.177 227.2795 

 
chr19 45864191 45864456 

 
17.505287 34 35.126755 43.450493 

 
chr19 47425373 47425755 

 
118.16069 77 115.41648 90.243324 

 
chr19 48970426 48970740 

 
341.3531 38 436.57538 41.77932 

 
chr19 4957264 4957522 

 
65.64483 44 40.144863 61.833393 

 
chr19 50106205 50106526 

 
126.91333 97 135.4889 115.31092 

 
chr19 5042063 5042333 

 
74.39747 30 65.235405 48.46401 

 
chr19 50549350 50549770 

 
105.03172 90 70.25351 128.6803 

 
chr19 506970 507310 

 
100.6554 68 115.41648 60.16222 



 
chr19 51824851 51825216 

 
52.51586 48 30.108646 43.450493 

 
chr19 51981321 51981796 

 
118.16069 125 90.32594 123.66679 

 
chr19 52424149 52424552 

 
13.128965 26 10.036216 33.423454 

 
chr19 52439158 52439441 

 
301.96622 20 381.3762 36.7658 

 
chr19 525671 526049 

 
210.06345 136 220.79675 197.19838 

 
chr19 52692317 52692804 

 
78.77379 54 35.126755 41.77932 

 
chr19 53960932 53961174 

 
13.128965 39 10.036216 48.46401 

 
chr19 54062209 54062488 

 
17.505287 32 25.09054 35.094627 

 
chr19 54068554 54068986 

 
183.80551 146 225.81485 157.09024 

 
chr19 54172805 54173153 

 
61.268505 60 70.25351 71.86043 

 
chr19 54970853 54971207 

 
78.77379 103 100.36216 93.58567 

 
chr19 55182296 55182628 

 
43.763218 35 55.19919 33.423454 

 
chr19 5536920 5537257 

 
74.39747 36 75.27162 28.409937 

 
chr19 55572581 55572891 

 
52.51586 62 65.235405 73.5316 

 
chr19 56703276 56703582 

 
126.91333 79 105.380264 98.59919 

 
chr19 5750296 5750683 

 
201.3108 62 286.03214 86.900986 

 
chr19 5845462 5845804 

 
52.51586 59 50.18108 68.51808 

 
chr19 59403939 59404188 

 
48.13954 31 25.09054 20.054073 

 
chr19 60431851 60432268 

 
148.79494 134 135.4889 155.41907 

 
chr19 61329018 61329377 

 
52.51586 93 45.16297 93.58567 

 
chr19 6141314 6141619 

 
35.010574 43 45.16297 50.13518 

 
chr19 61466539 61466875 

 
87.526436 63 95.34405 45.121662 

 
chr19 61524346 61524847 

 
131.28966 173 145.52513 205.55424 

 
chr19 62639579 62639920 

 
26.25793 33 55.19919 6.684691 

 
chr19 6375868 6376202 

 
43.763218 45 50.18108 20.054073 

 
chr19 7475635 7475871 

 
39.386894 49 30.108646 43.450493 



 
chr19 7650299 7650731 

 
74.39747 48 110.39838 81.88747 

 
chr19 8388969 8389381 

 
354.48206 197 301.0865 212.23894 

 
chr19 858200 858501 

 
210.06345 73 170.61566 83.55864 

 
chr19 895202 895461 

 
30.634253 24 35.126755 41.77932 

 
chr19 969409 969715 

 
26.25793 49 25.09054 51.806355 

 
chr19 991976 992474 

 
140.0423 105 200.72432 86.900986 

 
chr2 10018583 10018920 

 
153.17126 140 105.380264 157.09024 

 
chr2 100266689 100266961 

 
21.881609 32 35.126755 51.806355 

 
chr2 100274159 100274428 

 
30.634253 35 35.126755 41.77932 

 
chr2 101665245 101665595 

 
74.39747 78 55.19919 73.5316 

 
chr2 102052095 102052576 

 
310.71884 197 311.12268 223.93715 

 
chr2 10427358 10427816 

 
122.53701 128 140.50702 165.4461 

 
chr2 105363644 105363920 

 
26.25793 41 10.036216 35.094627 

 
chr2 105368764 105369148 

 
74.39747 112 55.19919 116.98209 

 
chr2 105400992 105401386 

 
52.51586 49 45.16297 35.094627 

 
chr2 106191846 106192100 

 
56.89218 43 50.18108 50.13518 

 
chr2 111659681 111660092 

 
26.25793 35 45.16297 23.396418 

 
chr2 112392551 112392809 

 
21.881609 37 40.144863 23.396418 

 
chr2 112529299 112529563 

 
65.64483 34 80.28973 45.121662 

 
chr2 113157903 113158296 

 
48.13954 101 80.28973 110.2974 

 
chr2 113160609 113160915 

 
21.881609 33 30.108646 20.054073 

 
chr2 11445356 11445601 

 
52.51586 46 45.16297 66.84691 

 
chr2 118426206 118426534 

 
43.763218 73 50.18108 58.491047 

 
chr2 118427263 118427589 

 
122.53701 92 55.19919 71.86043 

 
chr2 119649638 119649869 YES qPCR 26.25793 46 0 0 

 
chr2 12025546 12026036 

 
144.41862 122 160.57945 152.07672 



 
chr2 122004843 122005362 

 
78.77379 80 80.28973 70.189255 

 
chr2 122070443 122070767 

 
78.77379 79 75.27162 70.189255 

 
chr2 122609562 122609927 

 
48.13954 64 130.47081 56.819874 

 
chr2 122660945 122661311 

 
39.386894 43 35.126755 51.806355 

 
chr2 122667714 122668009 

 
52.51586 30 95.34405 43.450493 

 
chr2 124265871 124266215 

 
39.386894 41 60.217293 81.88747 

 
chr2 126055660 126055940 

 
43.763218 37 20.072432 10.027037 

 
chr2 127135794 127136311 

 
179.4292 175 200.72432 192.18486 

 
chr2 127148018 127148477 

 
271.33194 180 245.88728 202.2119 

 
chr2 127150747 127151171 

 
70.02115 66 50.18108 60.16222 

 
chr2 128502702 128503032 

 
39.386894 34 45.16297 50.13518 

 
chr2 128566847 128567138 

 
83.150116 67 60.217293 81.88747 

 
chr2 136613788 136614097 

 
65.64483 32 15.054323 15.040555 

 
chr2 138438530 138438927 

 
61.268505 169 40.144863 155.41907 

 
chr2 138493363 138493650 

 
13.128965 49 20.072432 45.121662 

 
chr2 143622049 143622481 

 
91.902756 64 90.32594 73.5316 

 
chr2 144704604 144705098 

 
43.763218 52 60.217293 60.16222 

 
chr2 144915704 144916144 

 
83.150116 80 75.27162 36.7658 

 
chr2 145056594 145057278 

 
183.80551 233 140.50702 227.2795 

 
chr2 148636920 148637252 

 
118.16069 125 135.4889 83.55864 

 
chr2 148925110 148925430 

 
43.763218 39 55.19919 21.725246 

 
chr2 150150904 150151192 

 
52.51586 40 40.144863 70.189255 

 
chr2 152339843 152340167 

 
39.386894 31 15.054323 41.77932 

 
chr2 153137889 153138211 

 
61.268505 54 55.19919 63.504562 

 
chr2 15490496 15490746 

 
35.010574 36 10.036216 28.409937 

 
chr2 15613894 15614234 

 
122.53701 92 60.217293 75.202774 



 
chr2 157126875 157127260 

 
100.6554 103 30.108646 98.59919 

 
chr2 157826070 157826453 

 
105.03172 111 90.32594 121.99561 

 
chr2 157889057 157889468 

 
39.386894 60 20.072432 78.54512 

 
chr2 15816475 15816855 

 
74.39747 64 40.144863 60.16222 

 
chr2 158351602 158351922 

 
48.13954 46 25.09054 55.1487 

 
chr2 159616918 159617185 

 
30.634253 30 30.108646 31.752281 

 
chr2 159700285 159700584 

 
4.376322 47 5.018108 21.725246 

 
chr2 159711955 159712347 

 
153.17126 157 150.54324 150.40555 

 
chr2 160970269 160970639 

 
48.13954 52 50.18108 68.51808 

 
chr2 16458065 16458406 

 
26.25793 38 45.16297 21.725246 

 
chr2 169338855 169339263 

 
87.526436 70 75.27162 76.87395 

 
chr2 169540903 169541287 

 
13.128965 57 85.30783 58.491047 

 
chr2 169576961 169577253 

 
52.51586 66 30.108646 53.477528 

 
chr2 169637391 169637663 

 
13.128965 32 15.054323 23.396418 

 
chr2 170578651 170578971 

 
183.80551 134 150.54324 153.7479 

 
chr2 171385690 171385997 

 
35.010574 68 45.16297 60.16222 

 
chr2 171387718 171388139 

 
183.80551 62 240.86917 88.57216 

 
chr2 172621700 172621977 

 
105.03172 73 55.19919 71.86043 

 
chr2 172670694 172671057 

 
131.28966 97 75.27162 76.87395 

 
chr2 174647766 174648133 

 
87.526436 72 95.34405 55.1487 

 
chr2 17638545 17638896 

 
35.010574 71 45.16297 30.08111 

 
chr2 177837950 177838282 

 
30.634253 40 40.144863 13.369382 

 
chr2 178212606 178212857 

 
39.386894 35 50.18108 30.08111 

 
chr2 17836350 17836677 

 
30.634253 28 55.19919 50.13518 

 
chr2 178846641 178847062 

 
109.40804 94 160.57945 75.202774 

 
chr2 181940478 181940765 

 
35.010574 32 40.144863 20.054073 



 
chr2 182019853 182020228 

 
21.881609 64 40.144863 46.792835 

 
chr2 182030884 182031177 

 
21.881609 37 30.108646 51.806355 

 
chr2 182033961 182034413 

 
61.268505 108 90.32594 121.99561 

 
chr2 182337087 182337422 

 
65.64483 85 25.09054 55.1487 

 
chr2 190154816 190155239 

 
109.40804 102 145.52513 73.5316 

 
chr2 190186067 190186444 

 
26.25793 32 20.072432 25.06759 

 
chr2 190757417 190757846 

 
122.53701 112 60.217293 123.66679 

 
chr2 191032946 191033260 

 
13.128965 59 15.054323 65.175735 

 
chr2 191596377 191596646 

 
52.51586 39 15.054323 36.7658 

 
chr2 192170247 192170529 

 
21.881609 44 55.19919 56.819874 

 
chr2 196060005 196060341 

 
39.386894 44 45.16297 33.423454 

 
chr2 196086120 196086542 

 
83.150116 119 70.25351 138.70734 

 
chr2 196139365 196139722 

 
170.67654 111 130.47081 91.9145 

 
chr2 196743187 196743487 

 
21.881609 42 30.108646 31.752281 

 
chr2 196750108 196750473 

 
118.16069 100 85.30783 98.59919 

 
chr2 198019862 198020138 

 
26.25793 75 25.09054 83.55864 

 
chr2 201535797 201536068 

 
30.634253 28 40.144863 40.108147 

 
chr2 201726412 201726694 

 
30.634253 20 25.09054 31.752281 

 
chr2 202006470 202006815 

 
144.41862 129 115.41648 110.2974 

 
chr2 202013149 202013538 

 
87.526436 160 185.67 157.09024 

 
chr2 202474749 202475136 

 
91.902756 140 75.27162 145.39203 

 
chr2 202960630 202960937 

 
13.128965 34 30.108646 30.08111 

 
chr2 203920292 203920706 

 
83.150116 156 50.18108 185.50017 

 
chr2 205597970 205598350 

 
26.25793 38 50.18108 36.7658 

 
chr2 206288829 206289177 

 
48.13954 54 130.47081 81.88747 

 
chr2 206353660 206354024 

 
26.25793 76 25.09054 76.87395 



 
chr2 20642510 20642849 

 
91.902756 62 40.144863 55.1487 

 
chr2 208338602 208338904 

 
83.150116 59 105.380264 68.51808 

 
chr2 208635065 208635375 

 
17.505287 30 45.16297 36.7658 

 
chr2 208951940 208952253 

 
8.752644 40 20.072432 25.06759 

 
chr2 209144747 209145159 

 
87.526436 43 120.434586 38.436974 

 
chr2 21304962 21305231 

 
61.268505 52 50.18108 58.491047 

 
chr2 216761485 216761830 

 
48.13954 55 40.144863 35.094627 

 
chr2 217342076 217342455 

 
48.13954 41 105.380264 36.7658 

 
chr2 217509929 217510234 

 
17.505287 34 30.108646 30.08111 

 
chr2 217665713 217666077 

 
148.79494 112 135.4889 208.89659 

 
chr2 218400728 218401043 

 
87.526436 53 115.41648 78.54512 

 
chr2 218859803 218860125 

 
74.39747 63 50.18108 68.51808 

 
chr2 218860714 218861122 

 
245.07402 170 225.81485 178.81548 

 
chr2 218995370 218995746 

 
8.752644 83 70.25351 100.27036 

 
chr2 219745942 219746257 

 
91.902756 47 65.235405 73.5316 

 
chr2 219790742 219791180 

 
175.05287 128 190.6881 150.40555 

 
chr2 219852459 219852765 

 
503.277 60 657.37213 71.86043 

 
chr2 220082990 220083440 

 
83.150116 98 100.36216 90.243324 

 
chr2 221993321 221993641 

 
65.64483 32 70.25351 31.752281 

 
chr2 224966134 224966487 

 
21.881609 52 25.09054 30.08111 

 
chr2 227408231 227408667 

 
166.30023 122 200.72432 120.32444 

 
chr2 227410736 227411158 

 
65.64483 81 45.16297 73.5316 

 
chr2 228024210 228024670 

 
56.89218 91 50.18108 53.477528 

 
chr2 230583475 230583765 

 
30.634253 39 5.018108 25.06759 

 
chr2 231808102 231808602 

 
201.3108 190 260.94162 187.17134 

 
chr2 232252236 232252471 

 
30.634253 26 30.108646 31.752281 



 
chr2 234025393 234025711 

 
61.268505 85 55.19919 66.84691 

 
chr2 234431159 234431497 

 
26.25793 31 20.072432 26.738764 

 
chr2 236034139 236034378 YES qPCR 0 5 15.054323 41.77932 

 
chr2 236646762 236647020 

 
17.505287 17 25.09054 60.16222 

 
chr2 238538338 238538808 

 
253.82666 215 311.12268 247.33357 

 
chr2 238741835 238742297 

 
48.13954 75 55.19919 66.84691 

 
chr2 23880554 23880833 

 
39.386894 60 45.16297 28.409937 

 
chr2 238994819 238995169 

 
39.386894 67 25.09054 56.819874 

 
chr2 238995581 238995986 

 
140.0423 127 150.54324 138.70734 

 
chr2 239853851 239854121 

 
8.752644 35 15.054323 25.06759 

 
chr2 24087728 24088044 

 
170.67654 138 245.88728 137.03616 

 
chr2 241153785 241154149 

 
91.902756 81 125.4527 76.87395 

 
chr2 242077866 242078273 

 
17.505287 69 35.126755 76.87395 

 
chr2 242289355 242289614 

 
17.505287 16 45.16297 35.094627 

 
chr2 25299230 25299525 

 
100.6554 73 110.39838 83.55864 

 
chr2 26268065 26268437 

 
135.66597 73 80.28973 76.87395 

 
chr2 26350534 26350798 

 
13.128965 31 30.108646 21.725246 

 
chr2 27132875 27133139 

 
17.505287 31 10.036216 26.738764 

 
chr2 27139245 27139538 

 
17.505287 41 25.09054 63.504562 

 
chr2 27517608 27517939 

 
87.526436 58 60.217293 61.833393 

 
chr2 2829163 2829448 

 
43.763218 38 70.25351 31.752281 

 
chr2 29190238 29190471 

 
48.13954 44 15.054323 15.040555 

 
chr2 30255452 30255854 

 
52.51586 89 70.25351 132.02264 

 
chr2 30268157 30268436 

 
61.268505 95 110.39838 81.88747 

 
chr2 30329340 30329792 

 
70.02115 87 105.380264 106.955055 

 
chr2 30366990 30367514 

 
345.72943 290 265.95972 349.27512 



 
chr2 32244316 32244622 

 
52.51586 46 70.25351 30.08111 

 
chr2 32846998 32847317 

 
56.89218 110 45.16297 103.61271 

 
chr2 32972709 32972997 

 
52.51586 42 85.30783 43.450493 

 
chr2 33028571 33028845 

 
17.505287 34 20.072432 46.792835 

 
chr2 33187142 33187607 

 
48.13954 127 55.19919 138.70734 

 
chr2 33197270 33197604 

 
65.64483 36 10.036216 28.409937 

 
chr2 33201306 33201692 

 
148.79494 96 80.28973 118.65327 

 
chr2 38000409 38000742 

 
48.13954 46 40.144863 30.08111 

 
chr2 38444920 38445213 

 
65.64483 106 50.18108 110.2974 

 
chr2 38694452 38694783 

 
43.763218 34 35.126755 25.06759 

 
chr2 42440654 42440960 

 
13.128965 34 35.126755 38.436974 

 
chr2 43086266 43086498 

 
17.505287 26 45.16297 36.7658 

 
chr2 43233712 43234002 

 
17.505287 37 50.18108 60.16222 

 
chr2 43258763 43259005 

 
43.763218 51 25.09054 55.1487 

 
chr2 43271207 43271612 

 
175.05287 131 120.434586 121.99561 

 
chr2 43309161 43309407 

 
39.386894 39 30.108646 21.725246 

 
chr2 43501251 43501573 

 
21.881609 35 35.126755 26.738764 

 
chr2 43975473 43975761 

 
43.763218 39 50.18108 41.77932 

 
chr2 47417630 47417933 

 
13.128965 35 20.072432 18.3829 

 
chr2 48281317 48281808 

 
48.13954 92 50.18108 100.27036 

 
chr2 48345750 48346148 

 
65.64483 80 75.27162 71.86043 

 
chr2 53749143 53749567 

 
144.41862 142 70.25351 167.11728 

 
chr2 53835693 53836026 

 
26.25793 37 25.09054 25.06759 

 
chr2 53850844 53851136 

 
26.25793 32 20.072432 25.06759 

 
chr2 54158006 54158380 

 
65.64483 105 55.19919 128.6803 

 
chr2 54670257 54670497 

 
13.128965 25 30.108646 36.7658 



 
chr2 55221134 55221510 

 
105.03172 93 80.28973 121.99561 

 
chr2 57857606 57857956 

 
56.89218 39 70.25351 31.752281 

 
chr2 58128676 58128910 

 
26.25793 34 30.108646 45.121662 

 
chr2 58838643 58838927 

 
43.763218 34 30.108646 35.094627 

 
chr2 59114813 59115154 

 
26.25793 28 45.16297 35.094627 

 
chr2 60575840 60576160 

 
39.386894 33 25.09054 28.409937 

 
chr2 60578701 60579218 

 
100.6554 101 80.28973 93.58567 

 
chr2 62257394 62257718 

 
61.268505 121 65.235405 113.63975 

 
chr2 62258352 62258597 

 
4.376322 24 25.09054 31.752281 

 
chr2 62376738 62377107 

 
105.03172 157 120.434586 162.10376 

 
chr2 63047591 63047940 

 
43.763218 51 40.144863 35.094627 

 
chr2 63077490 63077789 

 
30.634253 60 25.09054 35.094627 

 
chr2 64729580 64730084 

 
83.150116 94 15.054323 58.491047 

 
chr2 65102340 65102746 

 
21.881609 48 35.126755 53.477528 

 
chr2 68073935 68074338 

 
48.13954 72 25.09054 45.121662 

 
chr2 68201678 68202062 

 
126.91333 126 140.50702 116.98209 

 
chr2 68207076 68207336 

 
8.752644 23 25.09054 31.752281 

 
chr2 68216187 68216541 

 
43.763218 77 10.036216 71.86043 

 
chr2 68238123 68238434 

 
21.881609 40 40.144863 30.08111 

 
chr2 6943645 6943915 

 
35.010574 38 10.036216 25.06759 

 
chr2 6945243 6945607 

 
26.25793 56 55.19919 60.16222 

 
chr2 6951360 6951884 

 
157.54758 281 225.81485 300.8111 

 
chr2 6967359 6967684 

 
35.010574 32 25.09054 23.396418 

 
chr2 70798173 70798734 

 
148.79494 134 160.57945 93.58567 

 
chr2 7082675 7082922 

 
26.25793 21 45.16297 31.752281 

 
chr2 71686832 71687179 

 
61.268505 87 70.25351 142.04968 



 
chr2 71963628 71964084 

 
43.763218 44 40.144863 50.13518 

 
chr2 72624166 72624591 

 
91.902756 94 35.126755 68.51808 

 
chr2 74051528 74051813 

 
83.150116 91 80.28973 125.33795 

 
chr2 74107028 74107348 

 
56.89218 59 35.126755 50.13518 

 
chr2 74111918 74112303 

 
35.010574 43 25.09054 36.7658 

 
chr2 74113274 74113783 

 
118.16069 68 115.41648 61.833393 

 
chr2 74158313 74158611 

 
65.64483 39 40.144863 25.06759 

 
chr2 74164405 74164815 

 
30.634253 63 30.108646 51.806355 

 
chr2 74611017 74611539 

 
91.902756 100 95.34405 108.62623 

 
chr2 75391459 75391717 

 
26.25793 36 15.054323 23.396418 

 
chr2 75392650 75393052 

 
105.03172 90 95.34405 101.941536 

 
chr2 8061827 8062223 

 
126.91333 60 130.47081 88.57216 

 
chr2 84031874 84032259 

 
52.51586 67 75.27162 73.5316 

 
chr2 84052238 84052538 

 
56.89218 39 80.28973 31.752281 

 
chr2 85580705 85581103 

 
118.16069 123 150.54324 150.40555 

 
chr2 86074638 86074922 

 
52.51586 41 35.126755 38.436974 

 
chr2 86270095 86270421 

 
87.526436 92 90.32594 133.69382 

 
chr2 86294786 86295125 

 
52.51586 56 20.072432 86.900986 

 
chr2 86540201 86540614 

 
56.89218 57 75.27162 63.504562 

 
chr2 8673310 8673770 

 
65.64483 156 75.27162 145.39203 

 
chr2 87569743 87569977 

 
13.128965 57 15.054323 50.13518 

 
chr2 8951842 8952233 

 
48.13954 56 40.144863 71.86043 

 
chr2 8985115 8985436 

 
70.02115 44 55.19919 53.477528 

 
chr2 96527561 96528013 

 
210.06345 190 215.77864 172.1308 

 
chr2 98455226 98455533 

 
65.64483 47 60.217293 23.396418 

 
chr2 98491188 98491565 

 
21.881609 37 40.144863 26.738764 



 
chr2 98717765 98718104 

 
43.763218 65 50.18108 11.698209 

 
chr20 10426934 10427219 

 
43.763218 42 25.09054 35.094627 

 
chr20 1050097 1050391 

 
26.25793 54 25.09054 35.094627 

 
chr20 1051236 1051561 

 
56.89218 46 90.32594 31.752281 

 
chr20 1140792 1141070 

 
83.150116 39 115.41648 28.409937 

 
chr20 1636742 1637093 

 
65.64483 46 55.19919 50.13518 

 
chr20 20875002 20875382 

 
43.763218 61 90.32594 56.819874 

 
chr20 23061655 23062068 

 
144.41862 100 90.32594 91.9145 

 
chr20 23062136 23062550 

 
65.64483 64 60.217293 23.396418 

 
chr20 23122447 23122885 

 
118.16069 108 120.434586 142.04968 

 
chr20 23240565 23240940 

 
43.763218 41 35.126755 43.450493 

 
chr20 24928872 24929126 

 
26.25793 48 10.036216 33.423454 

 
chr20 28251992 28252445 

 
13.128965 40 25.09054 21.725246 

 
chr20 29658811 29659072 

 
13.128965 40 15.054323 38.436974 

 
chr20 29662173 29662452 

 
61.268505 33 35.126755 20.054073 

 
chr20 29722188 29722586 

 
65.64483 64 75.27162 63.504562 

 
chr20 29726661 29727162 

 
35.010574 45 45.16297 43.450493 

 
chr20 29727253 29727693 

 
192.55817 154 235.85107 167.11728 

 
chr20 30001772 30002030 

 
35.010574 41 25.09054 15.040555 

 
chr20 30258595 30258836 

 
35.010574 35 55.19919 18.3829 

 
chr20 30337218 30337530 

 
26.25793 80 30.108646 83.55864 

 
chr20 30591236 30591558 

 
48.13954 32 30.108646 30.08111 

 
chr20 31740378 31740645 

 
65.64483 76 50.18108 41.77932 

 
chr20 32062898 32063131 

 
13.128965 32 45.16297 31.752281 

 
chr20 32764869 32765197 

 
74.39747 56 90.32594 68.51808 

 
chr20 33565780 33566152 

 
52.51586 63 45.16297 25.06759 



 
chr20 35588218 35588491 

 
21.881609 30 25.09054 33.423454 

 
chr20 35689256 35689575 

 
21.881609 39 20.072432 26.738764 

 
chr20 35895409 35895800 

 
52.51586 68 55.19919 33.423454 

 
chr20 35912569 35912936 

 
144.41862 92 165.59756 106.955055 

 
chr20 36049235 36049545 

 
105.03172 60 90.32594 20.054073 

 
chr20 36221833 36222352 

 
126.91333 154 125.4527 98.59919 

 
chr20 36728419 36728751 

 
65.64483 103 90.32594 98.59919 

 
chr20 36754829 36755167 

 
48.13954 34 35.126755 26.738764 

 
chr20 3695611 3695910 

 
30.634253 34 15.054323 20.054073 

 
chr20 37009915 37010412 

 
148.79494 162 180.65189 193.85603 

 
chr20 3753689 3753943 

 
17.505287 32 20.072432 28.409937 

 
chr20 3771031 3771359 

 
26.25793 35 30.108646 16.711727 

 
chr20 3838625 3839106 

 
109.40804 109 150.54324 105.28388 

 
chr20 3859440 3859873 

 
161.9239 177 160.57945 180.48665 

 
chr20 39096346 39096691 

 
91.902756 103 80.28973 83.55864 

 
chr20 39112419 39113117 

 
175.05287 178 160.57945 180.48665 

 
chr20 39148548 39148821 

 
4.376322 31 15.054323 15.040555 

 
chr20 39487541 39487792 

 
35.010574 47 60.217293 53.477528 

 
chr20 4042938 4043226 

 
74.39747 34 45.16297 30.08111 

 
chr20 4083608 4084054 

 
236.32138 171 240.86917 168.78845 

 
chr20 4120953 4121322 

 
61.268505 72 40.144863 56.819874 

 
chr20 41380920 41381176 

 
43.763218 112 55.19919 96.92802 

 
chr20 41600632 41600966 

 
39.386894 52 40.144863 76.87395 

 
chr20 42072399 42072744 

 
48.13954 129 70.25351 132.02264 

 
chr20 42456802 42457177 

 
105.03172 78 95.34405 83.55864 

 
chr20 43405559 43405817 

 
35.010574 32 40.144863 25.06759 



 
chr20 45102826 45103227 

 
78.77379 84 70.25351 83.55864 

 
chr20 45422661 45423211 

 
280.0846 189 200.72432 222.26598 

 
chr20 46813087 46813338 

 
26.25793 41 10.036216 20.054073 

 
chr20 47750978 47751350 

 
52.51586 55 35.126755 63.504562 

 
chr20 47756530 47756795 

 
21.881609 38 25.09054 11.698209 

 
chr20 48215915 48216283 

 
30.634253 34 20.072432 38.436974 

 
chr20 48741098 48741562 

 
538.2876 109 632.2816 165.4461 

 
chr20 51225403 51225774 

 
87.526436 109 80.28973 71.86043 

 
chr20 51661319 51661717 

 
78.77379 78 50.18108 66.84691 

 
chr20 51663251 51663605 

 
8.752644 52 20.072432 33.423454 

 
chr20 51962296 51962720 

 
105.03172 124 80.28973 128.6803 

 
chr20 52094109 52094430 

 
43.763218 48 25.09054 43.450493 

 
chr20 52115599 52115931 

 
179.4292 152 125.4527 163.77493 

 
chr20 54371223 54371695 

 
196.93448 192 230.83296 187.17134 

 
chr20 54420604 54420984 

 
100.6554 62 100.36216 75.202774 

 
chr20 5533735 5534018 

 
56.89218 41 65.235405 55.1487 

 
chr20 55418490 55418909 

 
293.21356 176 275.99594 210.56776 

 
chr20 55423559 55424023 

 
210.06345 152 230.83296 153.7479 

 
chr20 5604096 5604390 

 
131.28966 135 70.25351 150.40555 

 
chr20 5665887 5666307 

 
17.505287 32 20.072432 48.46401 

 
chr20 5669800 5670142 

 
56.89218 88 65.235405 75.202774 

 
chr20 57029482 57029900 

 
131.28966 140 110.39838 143.72086 

 
chr20 5713430 5713812 

 
258.20297 168 205.74242 173.80197 

 
chr20 58210538 58210795 

 
26.25793 43 30.108646 41.77932 

 
chr20 60243616 60243878 

 
91.902756 106 115.41648 81.88747 

 
chr20 60283082 60283355 

 
65.64483 55 25.09054 38.436974 



 
chr20 60365770 60366100 

 
100.6554 47 100.36216 45.121662 

 
chr20 61867512 61868003 

 
61.268505 60 125.4527 78.54512 

 
chr20 6504442 6504774 

 
65.64483 61 65.235405 66.84691 

 
chr20 8642919 8643218 

 
48.13954 41 105.380264 41.77932 

 
chr21 14565244 14565674 

 
48.13954 128 60.217293 133.69382 

 
chr21 28686665 28686965 

 
30.634253 28 70.25351 76.87395 

 
chr21 28896807 28897125 

 
35.010574 46 30.108646 50.13518 

 
chr21 29936093 29936505 

 
135.66597 110 130.47081 142.04968 

 
chr21 32029922 32030203 

 
21.881609 45 55.19919 60.16222 

 
chr21 32475623 32476035 

 
105.03172 157 165.59756 177.14432 

 
chr21 33491840 33492200 

 
52.51586 61 50.18108 58.491047 

 
chr21 33805032 33805414 

 
39.386894 61 10.036216 60.16222 

 
chr21 34112231 34112534 

 
74.39747 60 65.235405 68.51808 

RUNX1 chr21 35320921 35321227 
 

118.16069 43 90.32594 60.16222 

 
chr21 35777429 35777716 

 
65.64483 37 80.28973 26.738764 

 
chr21 35842172 35842513 

 
100.6554 80 110.39838 51.806355 

 
chr21 36593311 36593693 

 
48.13954 71 75.27162 80.21629 

 
chr21 36614814 36615319 

 
131.28966 84 85.30783 81.88747 

 
chr21 37853090 37853321 

 
8.752644 20 35.126755 38.436974 

 
chr21 38770205 38770579 

 
30.634253 37 60.217293 26.738764 

 
chr21 39279387 39279896 

 
175.05287 118 220.79675 137.03616 

 
chr21 41503064 41503327 

 
17.505287 36 20.072432 43.450493 

 
chr21 42226130 42226509 

 
61.268505 75 70.25351 78.54512 

 
chr21 42389641 42389982 

 
43.763218 84 45.16297 76.87395 

 
chr21 42840218 42840666 

 
52.51586 73 45.16297 63.504562 

 
chr21 43512055 43512428 

 
161.9239 136 130.47081 187.17134 



 
chr21 45099093 45099567 

 
236.32138 133 165.59756 125.33795 

 
chr21 45501335 45501608 

 
30.634253 33 45.16297 20.054073 

 
chr21 45655786 45656198 

 
179.4292 89 160.57945 86.900986 

 
chr22 16649310 16649648 

 
43.763218 75 45.16297 65.175735 

 
chr22 16687295 16687799 

 
122.53701 155 150.54324 155.41907 

 
chr22 16843353 16843659 

 
70.02115 145 40.144863 197.19838 

 
chr22 17764481 17764917 

 
105.03172 85 135.4889 113.63975 

 
chr22 17775670 17776141 

 
43.763218 33 20.072432 51.806355 

 
chr22 17787241 17787534 

 
39.386894 40 40.144863 28.409937 

 
chr22 18300123 18300595 

 
65.64483 81 80.28973 96.92802 

 
chr22 18300852 18301413 

 
245.07402 208 230.83296 237.30653 

 
chr22 18392893 18393360 

 
301.96622 350 210.76053 367.658 

 
chr22 19601128 19601365 

 
21.881609 28 10.036216 60.16222 

 
chr22 21759042 21759341 

 
39.386894 40 30.108646 53.477528 

 
chr22 21779132 21779548 

 
83.150116 122 90.32594 106.955055 

 
chr22 21896063 21896392 

 
43.763218 41 45.16297 33.423454 

 
chr22 22356807 22357207 

 
74.39747 125 110.39838 130.35147 

 
chr22 22643330 22643639 

 
26.25793 38 40.144863 33.423454 

 
chr22 22665871 22666203 

 
13.128965 38 15.054323 45.121662 

 
chr22 22718160 22718399 YES qPCR 0 0 30.108646 58.491047 

 
chr22 22817759 22818058 

 
39.386894 54 40.144863 30.08111 

 
chr22 23279652 23279997 

 
61.268505 41 20.072432 35.094627 

 
chr22 23827015 23827344 

 
35.010574 41 85.30783 36.7658 

 
chr22 23874390 23874691 

 
13.128965 45 25.09054 26.738764 

 
chr22 25205525 25205770 

 
39.386894 30 35.126755 36.7658 

 
chr22 25238344 25238665 

 
56.89218 35 45.16297 35.094627 



 
chr22 25311131 25311461 

 
39.386894 70 40.144863 10.027037 

 
chr22 25322931 25323279 

 
52.51586 47 40.144863 45.121662 

 
chr22 25358561 25358870 

 
17.505287 62 45.16297 58.491047 

 
chr22 27822893 27823237 

 
87.526436 58 110.39838 56.819874 

 
chr22 27918544 27918843 

 
35.010574 65 50.18108 68.51808 

 
chr22 27928202 27928574 

 
39.386894 76 70.25351 73.5316 

 
chr22 28418129 28418467 

 
17.505287 64 55.19919 53.477528 

 
chr22 28459764 28460393 

 
240.6977 254 286.03214 262.3741 

 
chr22 28506884 28507285 

 
70.02115 98 55.19919 111.968575 

 
chr22 28557488 28557909 

 
109.40804 131 135.4889 123.66679 

 
chr22 28678129 28678569 

 
56.89218 213 50.18108 220.5948 

 
chr22 28942657 28943045 

 
131.28966 204 110.39838 150.40555 

 
chr22 29010258 29010610 

 
56.89218 47 45.16297 50.13518 

 
chr22 29088989 29089318 

 
56.89218 68 60.217293 53.477528 

 
chr22 29173697 29174206 

 
148.79494 88 150.54324 83.55864 

 
chr22 29232420 29232780 

 
105.03172 153 75.27162 200.54073 

 
chr22 29607501 29607853 

 
56.89218 36 55.19919 43.450493 

 
chr22 29608967 29609339 

 
56.89218 43 80.28973 58.491047 

 
chr22 30311184 30311549 

 
35.010574 42 20.072432 35.094627 

 
chr22 30352529 30352955 

 
131.28966 144 135.4889 167.11728 

 
chr22 30663353 30663788 

 
96.27908 112 70.25351 100.27036 

 
chr22 31298729 31298965 

 
39.386894 41 75.27162 48.46401 

 
chr22 31606976 31607610 

 
83.150116 133 105.380264 110.2974 

 
chr22 34468259 34468610 

 
65.64483 49 55.19919 40.108147 

 
chr22 35060379 35060671 

 
48.13954 40 25.09054 35.094627 

 
chr22 35094421 35094885 

 
87.526436 112 30.108646 83.55864 



 
chr22 35206155 35206407 

 
21.881609 56 45.16297 65.175735 

 
chr22 35627388 35627748 

 
48.13954 46 15.054323 20.054073 

 
chr22 35708191 35708498 

 
231.94505 142 255.92351 178.81548 

 
chr22 35968569 35968840 

 
30.634253 31 10.036216 30.08111 

 
chr22 36278613 36279013 

 
201.3108 156 165.59756 198.86955 

 
chr22 36529178 36529576 

 
70.02115 106 55.19919 110.2974 

 
chr22 37676860 37677206 

 
30.634253 44 40.144863 91.9145 

 
chr22 37691854 37692143 

 
48.13954 28 70.25351 33.423454 

 
chr22 38089703 38090152 

 
83.150116 54 60.217293 26.738764 

 
chr22 38178547 38178803 

 
35.010574 55 55.19919 46.792835 

 
chr22 38352239 38352546 

 
87.526436 135 40.144863 193.85603 

 
chr22 38558596 38558972 

 
52.51586 62 65.235405 80.21629 

 
chr22 38672540 38673024 

 
170.67654 137 155.56134 150.40555 

 
chr22 38687516 38687773 

 
21.881609 28 25.09054 31.752281 

 
chr22 38719983 38720376 

 
65.64483 52 85.30783 66.84691 

 
chr22 38916390 38916828 

 
118.16069 242 125.4527 250.6759 

 
chr22 38982021 38982350 

 
30.634253 52 20.072432 35.094627 

 
chr22 39278035 39278358 

 
21.881609 36 60.217293 51.806355 

 
chr22 39681599 39682019 

 
192.55817 127 140.50702 157.09024 

 
chr22 40329751 40330083 

 
83.150116 69 105.380264 43.450493 

 
chr22 40906274 40906634 

 
39.386894 97 50.18108 75.202774 

 
chr22 41341077 41341703 

 
148.79494 124 100.36216 101.941536 

 
chr22 41372823 41373201 

 
87.526436 63 60.217293 63.504562 

 
chr22 41648964 41649205 

 
4.376322 33 5.018108 35.094627 

 
chr22 41652141 41652451 

 
30.634253 51 25.09054 40.108147 

 
chr22 41733561 41733988 

 
87.526436 95 75.27162 91.9145 



 
chr22 41909511 41909792 

 
35.010574 79 60.217293 68.51808 

 
chr22 42773564 42774176 

 
240.6977 197 265.95972 217.25246 

 
chr22 43451215 43451707 

 
170.67654 142 200.72432 157.09024 

 
chr22 45014316 45014638 

 
39.386894 28 35.126755 35.094627 

 
chr22 45015890 45016326 

 
105.03172 149 115.41648 150.40555 

 
chr22 45577565 45577872 

 
126.91333 44 180.65189 35.094627 

 
chr22 48565694 48565944 

 
13.128965 49 5.018108 50.13518 

 
chr3 10123672 10123950 

 
56.89218 44 75.27162 51.806355 

 
chr3 101262699 101262984 

 
30.634253 45 15.054323 13.369382 

 
chr3 101556398 101556756 

 
48.13954 73 50.18108 38.436974 

 
chr3 10208752 10208985 

 
35.010574 45 25.09054 23.396418 

 
chr3 102527301 102527605 

 
65.64483 54 60.217293 61.833393 

 
chr3 103383671 103384034 

 
52.51586 67 30.108646 51.806355 

 
chr3 106815871 106816226 

 
30.634253 57 20.072432 25.06759 

 
chr3 108612664 108612943 

 
48.13954 44 50.18108 36.7658 

 
chr3 109207623 109208076 

 
74.39747 45 95.34405 30.08111 

 
chr3 109301526 109301851 

 
39.386894 37 40.144863 26.738764 

 
chr3 109305933 109306344 

 
201.3108 129 135.4889 142.04968 

 
chr3 109327100 109327593 

 
87.526436 68 120.434586 53.477528 

 
chr3 117241149 117241437 

 
26.25793 28 35.126755 56.819874 

 
chr3 120535346 120535671 

 
56.89218 65 70.25351 65.175735 

 
chr3 120619794 120620112 

 
70.02115 55 35.126755 43.450493 

 
chr3 126033204 126033582 

 
52.51586 46 25.09054 23.396418 

 
chr3 126078084 126078415 

 
83.150116 63 45.16297 55.1487 

 
chr3 128187568 128187836 

 
21.881609 28 20.072432 43.450493 

 
chr3 128612856 128613149 

 
96.27908 45 75.27162 25.06759 



 
chr3 128787533 128787890 

 
35.010574 78 35.126755 81.88747 

 
chr3 128902859 128903225 

 
17.505287 26 15.054323 35.094627 

 
chr3 128903704 128904005 

 
65.64483 55 70.25351 56.819874 

 
chr3 128908593 128908890 

 
43.763218 49 60.217293 35.094627 

 
chr3 12969683 12970181 

 
192.55817 91 240.86917 95.25684 

 
chr3 12971754 12972200 

 
161.9239 114 210.76053 125.33795 

 
chr3 130258359 130258638 

 
52.51586 98 60.217293 110.2974 

 
chr3 130561842 130562161 

 
61.268505 34 60.217293 26.738764 

 
chr3 130995445 130995872 

 
65.64483 107 50.18108 66.84691 

 
chr3 13421164 13421571 

 
70.02115 121 70.25351 115.31092 

 
chr3 134857751 134858031 

 
17.505287 51 10.036216 43.450493 

 
chr3 13501647 13501884 

 
17.505287 54 55.19919 48.46401 

 
chr3 135052950 135053260 

 
74.39747 112 35.126755 110.2974 

 
chr3 135093975 135094419 

 
78.77379 91 60.217293 90.243324 

 
chr3 137336613 137336910 

 
61.268505 38 75.27162 36.7658 

 
chr3 137452613 137452943 

 
109.40804 84 85.30783 108.62623 

 
chr3 139389519 139389840 

 
48.13954 41 75.27162 45.121662 

 
chr3 140423604 140423925 

 
39.386894 83 80.28973 61.833393 

 
chr3 14248967 14249492 

 
166.30023 144 130.47081 153.7479 

 
chr3 143223942 143224312 

 
43.763218 145 40.144863 155.41907 

 
chr3 143230731 143230974 

 
13.128965 32 10.036216 50.13518 

 
chr3 143247895 143248701 

 
218.81609 229 185.67 212.23894 

 
chr3 144135948 144136372 

 
118.16069 110 90.32594 53.477528 

 
chr3 144170204 144170533 

 
8.752644 56 40.144863 41.77932 

 
chr3 144178098 144178486 

 
52.51586 74 25.09054 70.189255 

 
chr3 144178967 144179202 

 
48.13954 34 10.036216 23.396418 



 
chr3 144484662 144485348 

 
144.41862 175 160.57945 182.15782 

 
chr3 144792259 144792537 

 
39.386894 52 45.16297 26.738764 

 
chr3 147697179 147697464 

 
30.634253 36 25.09054 33.423454 

 
chr3 150041023 150041354 

 
21.881609 39 45.16297 41.77932 

 
chr3 15069255 15069571 

 
87.526436 49 35.126755 45.121662 

 
chr3 151013522 151013763 

 
17.505287 36 50.18108 31.752281 

 
chr3 151933919 151934331 

 
21.881609 50 40.144863 46.792835 

 
chr3 151938879 151939209 

 
144.41862 124 150.54324 178.81548 

 
chr3 151941928 151942270 

 
56.89218 36 35.126755 30.08111 

 
chr3 152274754 152275080 

 
56.89218 93 25.09054 71.86043 

 
chr3 152336599 152336976 

 
83.150116 102 65.235405 76.87395 

 
chr3 153443803 153444084 

 
131.28966 47 50.18108 55.1487 

 
chr3 153520719 153521107 

 
100.6554 154 105.380264 137.03616 

 
chr3 154110051 154110282 

 
91.902756 53 55.19919 36.7658 

 
chr3 154176731 154177087 

 
74.39747 117 75.27162 100.27036 

 
chr3 154229823 154230234 

 
100.6554 98 75.27162 130.35147 

 
chr3 154281199 154281566 

 
131.28966 93 75.27162 88.57216 

 
chr3 15536816 15537119 

 
61.268505 63 75.27162 58.491047 

 
chr3 156380060 156380307 

 
74.39747 33 40.144863 38.436974 

 
chr3 156535372 156535649 

 
17.505287 34 25.09054 26.738764 

 
chr3 15769738 15769984 

 
13.128965 45 20.072432 16.711727 

 
chr3 15804565 15804901 

 
83.150116 38 60.217293 35.094627 

 
chr3 159360265 159360600 

 
87.526436 101 70.25351 90.243324 

 
chr3 159880024 159880303 

 
52.51586 48 60.217293 33.423454 

 
chr3 159913665 159913958 

 
43.763218 37 20.072432 36.7658 

 
chr3 159944103 159944485 

 
192.55817 122 185.67 110.2974 



 
chr3 16321169 16321550 

 
170.67654 132 215.77864 157.09024 

 
chr3 16354271 16354843 

 
236.32138 252 250.9054 274.07233 

 
chr3 16855113 16855498 

 
30.634253 95 15.054323 40.108147 

 
chr3 168924432 168924750 

 
100.6554 66 70.25351 53.477528 

 
chr3 16925411 16925756 

 
91.902756 54 20.072432 46.792835 

 
chr3 169357703 169358090 

 
21.881609 60 25.09054 65.175735 

 
chr3 16952765 16953099 

 
135.66597 124 130.47081 135.36499 

 
chr3 169676249 169676591 

 
240.6977 145 205.74242 168.78845 

 
chr3 169677135 169677477 

 
83.150116 92 80.28973 100.27036 

 
chr3 17023027 17023339 

 
48.13954 36 20.072432 18.3829 

 
chr3 171130587 171130898 

 
8.752644 49 15.054323 55.1487 

 
chr3 171139819 171140191 

 
113.78436 107 95.34405 98.59919 

 
chr3 171930617 171930856 

 
21.881609 40 25.09054 36.7658 

 
chr3 172327217 172327461 

 
8.752644 49 30.108646 66.84691 

 
chr3 174207678 174207933 

 
13.128965 38 5.018108 10.027037 

 
chr3 177862126 177862377 

 
61.268505 32 45.16297 41.77932 

 
chr3 179371116 179371581 

 
78.77379 93 80.28973 138.70734 

 
chr3 179461421 179461724 

 
26.25793 34 15.054323 20.054073 

 
chr3 179520898 179521250 

 
78.77379 54 70.25351 21.725246 

 
chr3 17963124 17963517 

 
21.881609 57 50.18108 43.450493 

 
chr3 180575593 180575953 

 
39.386894 56 45.16297 40.108147 

 
chr3 183206215 183206514 

 
78.77379 39 75.27162 41.77932 

 
chr3 183984971 183985391 

 
105.03172 87 110.39838 103.61271 

 
chr3 184120880 184121328 

 
78.77379 120 65.235405 118.65327 

 
chr3 185216633 185216985 

 
21.881609 32 5.018108 20.054073 

 
chr3 185218643 185218966 

 
100.6554 91 80.28973 103.61271 



 
chr3 185268034 185268308 

 
30.634253 30 50.18108 35.094627 

 
chr3 185386193 185386571 

 
70.02115 32 75.27162 21.725246 

 
chr3 186028082 186028353 

 
39.386894 39 15.054323 30.08111 

 
chr3 186498368 186498674 

 
87.526436 43 35.126755 51.806355 

 
chr3 187177512 187177783 

 
26.25793 31 35.126755 20.054073 

 
chr3 189441462 189441990 

 
170.67654 248 100.36216 121.99561 

 
chr3 191747467 191747741 

 
21.881609 39 15.054323 36.7658 

 
chr3 194861106 194861645 

 
183.80551 186 105.380264 193.85603 

 
chr3 194888502 194888812 

 
48.13954 60 25.09054 46.792835 

 
chr3 197118835 197119139 

 
26.25793 24 55.19919 40.108147 

 
chr3 197258552 197259059 

 
188.18184 80 85.30783 58.491047 

 
chr3 197262474 197262974 

 
48.13954 41 45.16297 30.08111 

 
chr3 197266421 197266845 

 
26.25793 31 30.108646 25.06759 

 
chr3 197290298 197290591 

 
26.25793 55 40.144863 60.16222 

 
chr3 197319504 197319908 

 
87.526436 109 105.380264 111.968575 

 
chr3 197338885 197339208 

 
70.02115 51 65.235405 45.121662 

 
chr3 197405083 197405545 

 
96.27908 111 105.380264 86.900986 

 
chr3 197405933 197406298 

 
65.64483 59 60.217293 55.1487 

 
chr3 197723259 197723702 

 
43.763218 55 40.144863 83.55864 

 
chr3 198655533 198655775 

 
39.386894 52 55.19919 53.477528 

 
chr3 20081707 20082206 

 
113.78436 173 75.27162 150.40555 

 
chr3 24202310 24202648 

 
74.39747 98 55.19919 78.54512 

 
chr3 30681512 30681833 

 
43.763218 43 25.09054 40.108147 

 
chr3 32157437 32157746 

 
56.89218 42 95.34405 35.094627 

 
chr3 32601171 32601497 

 
30.634253 68 35.126755 55.1487 

 
chr3 32725868 32726156 

 
43.763218 73 90.32594 65.175735 



 
chr3 32967915 32968311 

 
39.386894 54 35.126755 43.450493 

 
chr3 33070786 33071157 

 
126.91333 86 120.434586 86.900986 

 
chr3 33113560 33113986 

 
166.30023 66 210.76053 45.121662 

 
chr3 33553686 33553983 

 
30.634253 43 60.217293 21.725246 

 
chr3 36986405 36986754 

 
43.763218 35 30.108646 31.752281 

 
chr3 37044958 37045289 

 
87.526436 53 35.126755 51.806355 

 
chr3 37246196 37246609 

 
214.43977 168 160.57945 178.81548 

 
chr3 37307721 37308141 

 
61.268505 55 25.09054 48.46401 

 
chr3 37547562 37547939 

 
87.526436 97 70.25351 85.22981 

 
chr3 39375611 39375878 

 
13.128965 35 15.054323 33.423454 

 
chr3 39405150 39405546 

 
126.91333 144 90.32594 165.4461 

 
chr3 40330560 40330832 

 
56.89218 31 45.16297 41.77932 

 
chr3 40518561 40518884 

 
87.526436 103 145.52513 103.61271 

 
chr3 42183433 42183824 

 
214.43977 180 155.56134 158.76141 

 
chr3 42205576 42205881 

 
39.386894 42 10.036216 18.3829 

 
chr3 4241701 4242082 

 
56.89218 106 70.25351 78.54512 

 
chr3 42598675 42599039 

 
48.13954 32 25.09054 40.108147 

 
chr3 42831703 42832048 

 
48.13954 49 30.108646 43.450493 

 
chr3 42853015 42853543 

 
192.55817 163 155.56134 145.39203 

 
chr3 42868908 42869214 

 
65.64483 69 40.144863 33.423454 

 
chr3 42872622 42872969 

 
13.128965 42 20.072432 13.369382 

 
chr3 43687205 43687475 

 
30.634253 32 25.09054 28.409937 

 
chr3 43687714 43688013 

 
43.763218 36 30.108646 35.094627 

 
chr3 43787188 43787554 

 
70.02115 76 90.32594 83.55864 

 
chr3 4426010 4426358 

 
35.010574 48 60.217293 21.725246 

 
chr3 44943473 44943748 

 
26.25793 68 50.18108 41.77932 



 
chr3 45875549 45875784 

 
30.634253 56 5.018108 60.16222 

 
chr3 46244812 46245094 

 
39.386894 48 25.09054 30.08111 

 
chr3 46423502 46423818 

 
126.91333 61 60.217293 90.243324 

 
chr3 46519378 46519763 

 
78.77379 115 40.144863 63.504562 

 
chr3 46565863 46566179 

 
26.25793 50 15.054323 36.7658 

 
chr3 46630941 46631247 

 
30.634253 33 15.054323 38.436974 

 
chr3 47421354 47421677 

 
21.881609 31 50.18108 35.094627 

 
chr3 48224527 48224864 

 
83.150116 94 70.25351 68.51808 

 
chr3 48311102 48311437 

 
35.010574 43 35.126755 36.7658 

 
chr3 48567730 48568033 

 
17.505287 32 15.054323 16.711727 

 
chr3 49186031 49186371 

 
83.150116 76 105.380264 66.84691 

 
chr3 49362134 49362512 

 
56.89218 124 75.27162 138.70734 

 
chr3 49372043 49372396 

 
35.010574 30 50.18108 36.7658 

 
chr3 49373753 49374062 

 
118.16069 117 150.54324 140.37851 

 
chr3 49513414 49513707 

 
39.386894 23 25.09054 33.423454 

 
chr3 49685720 49686203 

 
253.82666 140 250.9054 152.07672 

 
chr3 50304011 50304346 

 
35.010574 44 40.144863 48.46401 

 
chr3 50551983 50552337 

 
126.91333 82 110.39838 86.900986 

 
chr3 52772524 52772781 

 
21.881609 32 20.072432 18.3829 

 
chr3 52921947 52922415 

 
74.39747 131 80.28973 115.31092 

 
chr3 53020238 53020556 

 
8.752644 36 10.036216 21.725246 

 
chr3 5445504 5445965 

 
83.150116 137 80.28973 147.0632 

 
chr3 56799561 56799826 

 
13.128965 42 45.16297 33.423454 

 
chr3 56805284 56805571 

 
21.881609 38 30.108646 35.094627 

 
chr3 57238019 57238309 

 
8.752644 35 35.126755 33.423454 

 
chr3 57548792 57549059 

 
30.634253 54 75.27162 63.504562 



 
chr3 59479122 59479386 

 
13.128965 40 25.09054 25.06759 

 
chr3 60950819 60951178 

 
48.13954 59 85.30783 51.806355 

 
chr3 61112838 61113196 

 
83.150116 57 30.108646 38.436974 

 
chr3 63897673 63898012 

 
30.634253 47 25.09054 48.46401 

 
chr3 63976250 63976585 

 
135.66597 79 85.30783 63.504562 

 
chr3 67150327 67150699 

 
43.763218 74 30.108646 43.450493 

 
chr3 69923734 69924159 

 
109.40804 77 65.235405 56.819874 

 
chr3 70697752 70698035 

 
48.13954 50 25.09054 36.7658 

 
chr3 71532911 71533217 

 
65.64483 55 25.09054 40.108147 

 
chr3 72420709 72421161 

 
201.3108 145 205.74242 162.10376 

 
chr3 72876229 72876490 

 
17.505287 29 40.144863 31.752281 

 
chr3 73275768 73276078 

 
52.51586 24 35.126755 31.752281 

 
chr3 8459916 8460179 

 
13.128965 35 15.054323 25.06759 

 
chr3 87310552 87310800 

 
35.010574 53 35.126755 33.423454 

 
chr3 9753501 9753768 

 
13.128965 16 35.126755 33.423454 

 
chr3 99785214 99785734 

 
210.06345 245 220.79675 257.3606 

 
chr3 99795120 99795499 

 
26.25793 30 65.235405 40.108147 

 
chr3 9995670 9995921 

 
35.010574 69 40.144863 83.55864 

 
chr4 102432460 102432725 

 
30.634253 37 15.054323 31.752281 

 
chr4 103484078 103484408 

 
43.763218 49 25.09054 40.108147 

 
chr4 103495905 103496329 

 
65.64483 44 70.25351 41.77932 

 
chr4 104217440 104217723 

 
35.010574 34 35.126755 8.355864 

 
chr4 1066105 1066372 

 
52.51586 44 40.144863 40.108147 

 
chr4 109135521 109135813 

 
21.881609 34 10.036216 38.436974 

 
chr4 109255163 109255440 

 
26.25793 36 15.054323 18.3829 

 
chr4 110635264 110635528 

 
35.010574 34 40.144863 38.436974 



 
chr4 110955833 110956283 

 
26.25793 38 40.144863 43.450493 

 
chr4 111213685 111213960 

 
13.128965 38 15.054323 18.3829 

 
chr4 119906012 119906350 

 
74.39747 81 35.126755 65.175735 

 
chr4 119907821 119908144 

 
52.51586 60 20.072432 58.491047 

 
chr4 124728759 124729040 

 
70.02115 43 45.16297 20.054073 

 
chr4 1277923 1278217 

 
26.25793 42 35.126755 18.3829 

 
chr4 129444420 129444952 

 
52.51586 78 50.18108 66.84691 

 
chr4 129474918 129475243 

 
83.150116 62 30.108646 98.59919 

 
chr4 129612215 129612458 

 
17.505287 40 45.16297 43.450493 

 
chr4 13592772 13593129 

 
43.763218 61 65.235405 75.202774 

 
chr4 139812103 139812598 

 
100.6554 109 130.47081 125.33795 

 
chr4 140982099 140982444 

 
96.27908 59 150.54324 48.46401 

 
chr4 142492907 142493292 

 
30.634253 37 15.054323 16.711727 

 
chr4 143053449 143053795 

 
87.526436 83 60.217293 85.22981 

 
chr4 144485508 144485770 

 
21.881609 32 20.072432 21.725246 

 
chr4 144699346 144699684 

 
48.13954 43 50.18108 23.396418 

 
chr4 145245417 145245735 

 
39.386894 63 5.018108 50.13518 

GYPA promoter chr4 145281264 145281648 
 

30.634253 33 25.09054 41.77932 

 
chr4 146637843 146638163 

 
35.010574 30 25.09054 66.84691 

 
chr4 147548369 147548652 

 
4.376322 35 25.09054 41.77932 

 
chr4 149414298 149414650 

 
78.77379 120 55.19919 125.33795 

 
chr4 152812330 152812797 

 
78.77379 110 95.34405 85.22981 

 
chr4 152814495 152814793 

 
30.634253 53 25.09054 41.77932 

 
chr4 152886442 152886830 

 
35.010574 36 20.072432 10.027037 

 
chr4 153750081 153750443 

 
83.150116 81 70.25351 68.51808 

 
chr4 153771013 153771315 

 
61.268505 49 75.27162 40.108147 



 
chr4 154102399 154102686 

 
118.16069 72 115.41648 58.491047 

 
chr4 154164703 154165112 

 
183.80551 140 170.61566 80.21629 

 
chr4 154199035 154199289 

 
17.505287 39 25.09054 35.094627 

 
chr4 154220450 154220985 

 
223.19241 216 215.77864 212.23894 

 
chr4 154278895 154279191 

 
35.010574 75 35.126755 75.202774 

 
chr4 154604688 154605023 

 
26.25793 81 20.072432 96.92802 

 
chr4 154669248 154669758 

 
126.91333 164 130.47081 172.1308 

 
chr4 156203512 156203968 

 
157.54758 131 135.4889 115.31092 

 
chr4 160182837 160183167 

 
70.02115 103 50.18108 103.61271 

 
chr4 160291629 160292100 

 
271.33194 238 245.88728 282.4282 

 
chr4 169579461 169579757 

 
48.13954 54 55.19919 33.423454 

 
chr4 170823200 170823497 

 
26.25793 31 20.072432 20.054073 

 
chr4 171164788 171165135 

 
113.78436 175 130.47081 208.89659 

 
chr4 174156844 174157078 

 
100.6554 104 75.27162 90.243324 

 
chr4 174416005 174416326 

 
26.25793 30 35.126755 31.752281 

 
chr4 175413565 175413876 

 
56.89218 39 20.072432 35.094627 

 
chr4 175812398 175812738 

 
21.881609 49 95.34405 78.54512 

 
chr4 180908646 180908976 

 
35.010574 77 15.054323 61.833393 

 
chr4 184399308 184399668 

 
43.763218 60 55.19919 43.450493 

 
chr4 184614075 184614401 

 
52.51586 45 35.126755 31.752281 

 
chr4 185544520 185544861 

 
56.89218 67 65.235405 58.491047 

 
chr4 185571405 185571689 

 
43.763218 48 70.25351 40.108147 

 
chr4 185904297 185904622 

 
52.51586 51 35.126755 30.08111 

 
chr4 190996952 190997337 

 
144.41862 118 125.4527 137.03616 

 
chr4 191132733 191132980 

 
21.881609 32 0 26.738764 

 
chr4 37772354 37772744 

 
21.881609 64 45.16297 58.491047 



 
chr4 38060533 38060812 

 
35.010574 36 15.054323 23.396418 

 
chr4 38217516 38217804 

 
39.386894 50 35.126755 41.77932 

 
chr4 38340137 38340460 

 
74.39747 50 65.235405 53.477528 

 
chr4 38345239 38345567 

 
17.505287 51 25.09054 56.819874 

 
chr4 38584088 38584355 

 
74.39747 41 55.19919 36.7658 

 
chr4 47433472 47433719 

 
52.51586 46 45.16297 43.450493 

 
chr4 47900560 47900849 

 
83.150116 105 70.25351 113.63975 

 
chr4 48192840 48193083 

 
4.376322 31 35.126755 16.711727 

 
chr4 48377917 48378384 

 
78.77379 111 40.144863 90.243324 

 
chr4 48380573 48380890 

 
78.77379 43 70.25351 36.7658 

 
chr4 5056096 5056458 

 
61.268505 81 70.25351 71.86043 

 
chr4 5088983 5089290 

 
83.150116 57 30.108646 58.491047 

 
chr4 5090121 5090465 

 
70.02115 43 45.16297 38.436974 

 
chr4 5197020 5197388 

 
30.634253 52 70.25351 65.175735 

 
chr4 54615483 54615741 

 
0 38 15.054323 26.738764 

 
chr4 55034140 55034392 

 
8.752644 34 0 26.738764 

 
chr4 55132184 55132474 

 
21.881609 32 35.126755 28.409937 

 
chr4 56610723 56611103 

 
35.010574 53 45.16297 28.409937 

 
chr4 56950515 56950907 

 
109.40804 97 100.36216 93.58567 

 
chr4 6783218 6783663 

 
201.3108 210 200.72432 242.32005 

 
chr4 6821936 6822312 

 
26.25793 50 20.072432 41.77932 

 
chr4 6942104 6942464 

 
61.268505 69 70.25351 66.84691 

 
chr4 71987667 71988195 

 
157.54758 296 215.77864 334.23456 

 
chr4 73654341 73654658 

 
35.010574 47 35.126755 23.396418 

 
chr4 75367510 75367830 

 
17.505287 44 25.09054 35.094627 

 
chr4 79586811 79587112 

 
74.39747 47 95.34405 21.725246 



 
chr4 79762857 79763159 

 
61.268505 51 25.09054 43.450493 

 
chr4 79805332 79805749 

 
78.77379 98 55.19919 73.5316 

 
chr4 79832115 79832618 

 
201.3108 337 210.76053 447.8743 

 
chr4 79872727 79873066 

 
52.51586 46 25.09054 50.13518 

 
chr4 79904625 79904878 

 
52.51586 45 40.144863 45.121662 

 
chr4 79910497 79910803 

 
30.634253 33 45.16297 31.752281 

 
chr4 82398069 82398362 

 
39.386894 41 10.036216 36.7658 

 
chr4 82561660 82562032 

 
43.763218 59 50.18108 81.88747 

 
chr4 82930716 82931053 

 
105.03172 95 70.25351 93.58567 

 
chr4 82932719 82932975 

 
8.752644 33 5.018108 21.725246 

 
chr4 82946735 82947049 

 
70.02115 45 20.072432 36.7658 

 
chr4 8356175 8356496 

 
8.752644 18 10.036216 33.423454 

 
chr4 88157767 88158110 

 
100.6554 85 50.18108 85.22981 

 
chr4 88194598 88194943 

 
35.010574 67 55.19919 40.108147 

 
chr4 89536896 89537208 

 
21.881609 55 25.09054 26.738764 

 
chr4 90439774 90440062 

 
83.150116 33 75.27162 35.094627 

 
chr4 90976193 90976563 

 
188.18184 50 205.74242 66.84691 

 
chr4 91003770 91004093 

 
35.010574 37 60.217293 83.55864 

 
chr4 95690569 95690831 

 
70.02115 45 60.217293 23.396418 

 
chr4 97580277 97580565 

 
17.505287 40 30.108646 25.06759 

 
chr4 97612185 97612592 

 
8.752644 45 20.072432 41.77932 

 
chr4 9791811 9792383 

 
113.78436 107 125.4527 83.55864 

 
chr4 9936902 9937221 

 
65.64483 75 135.4889 83.55864 

 
chr4 99826989 99827457 

 
100.6554 159 55.19919 155.41907 

 
chr5 100447977 100448332 

 
43.763218 59 25.09054 40.108147 

 
chr5 102458440 102458739 

 
13.128965 31 20.072432 20.054073 



 
chr5 10655107 10655402 

 
30.634253 65 40.144863 60.16222 

 
chr5 107634801 107635072 

 
96.27908 63 90.32594 46.792835 

 
chr5 109067370 109067742 

 
48.13954 80 35.126755 98.59919 

 
chr5 111569627 111569901 

 
39.386894 32 30.108646 23.396418 

 
chr5 111581783 111582073 

 
13.128965 36 5.018108 18.3829 

 
chr5 111899011 111899271 

 
26.25793 31 25.09054 10.027037 

 
chr5 111913318 111913754 

 
153.17126 136 140.50702 153.7479 

 
chr5 1120987 1121256 

 
170.67654 87 175.63377 113.63975 

 
chr5 114827574 114827912 

 
166.30023 150 160.57945 110.2974 

 
chr5 114860888 114861164 

 
43.763218 39 20.072432 43.450493 

 
chr5 1158592 1158900 

 
70.02115 93 65.235405 105.28388 

 
chr5 118693740 118694530 

 
196.93448 213 205.74242 180.48665 

 
chr5 118725362 118725694 

 
43.763218 40 15.054323 36.7658 

 
chr5 1238908 1239303 

 
43.763218 35 40.144863 45.121662 

 
chr5 126339981 126340333 

 
39.386894 45 45.16297 30.08111 

 
chr5 126340451 126340844 

 
135.66597 176 80.28973 185.50017 

 
chr5 130544078 130544341 

 
26.25793 34 25.09054 21.725246 

 
chr5 130994116 130994459 

 
83.150116 82 75.27162 76.87395 

 
chr5 131003774 131004118 

 
30.634253 63 55.19919 50.13518 

 
chr5 131358044 131358600 

 
175.05287 143 190.6881 157.09024 

 
chr5 131677638 131678110 

 
262.5793 194 306.10458 255.68942 

 
chr5 131679087 131679523 

 
293.21356 186 306.10458 213.91011 

 
chr5 131748236 131748570 

 
26.25793 36 40.144863 26.738764 

 
chr5 131786354 131786621 

 
83.150116 108 95.34405 130.35147 

 
chr5 133266072 133266521 

 
52.51586 35 60.217293 55.1487 

 
chr5 133300280 133300550 

 
43.763218 58 80.28973 70.189255 



 
chr5 134497698 134497928 

 
21.881609 39 30.108646 36.7658 

 
chr5 134498244 134498507 

 
21.881609 24 40.144863 35.094627 

 
chr5 134499404 134500084 

 
118.16069 102 150.54324 177.14432 

 
chr5 134555997 134556428 

 
135.66597 133 165.59756 203.88307 

 
chr5 134635430 134635713 

 
39.386894 35 30.108646 36.7658 

 
chr5 134840239 134840574 

 
61.268505 54 30.108646 28.409937 

 
chr5 138095977 138096450 

 
87.526436 117 135.4889 66.84691 

 
chr5 138291538 138291939 

 
56.89218 68 55.19919 65.175735 

 
chr5 138333432 138333819 

 
13.128965 42 25.09054 13.369382 

 
chr5 138552187 138552536 

 
30.634253 40 50.18108 21.725246 

 
chr5 138639673 138639951 

 
30.634253 46 50.18108 38.436974 

 
chr5 139029679 139029952 

 
122.53701 53 190.6881 46.792835 

 
chr5 139577281 139577616 

 
78.77379 129 65.235405 93.58567 

 
chr5 140038821 140039153 

 
83.150116 74 45.16297 36.7658 

 
chr5 14330545 14330786 

 
13.128965 33 30.108646 15.040555 

 
chr5 14379668 14379997 

 
96.27908 57 110.39838 63.504562 

 
chr5 14449891 14450209 

 
17.505287 32 40.144863 30.08111 

 
chr5 14482142 14482536 

 
52.51586 90 85.30783 90.243324 

 
chr5 145214400 145214788 

 
35.010574 60 25.09054 58.491047 

 
chr5 146986341 146986622 

 
26.25793 76 45.16297 71.86043 

 
chr5 148422906 148423272 

 
30.634253 60 45.16297 46.792835 

 
chr5 148816567 148816861 

 
113.78436 80 135.4889 71.86043 

 
chr5 148879427 148879708 

 
8.752644 35 10.036216 40.108147 

 
chr5 148882160 148882471 

 
83.150116 51 20.072432 36.7658 

 
chr5 148965788 148966178 

 
175.05287 156 125.4527 113.63975 

 
chr5 14914526 14914802 

 
56.89218 50 10.036216 33.423454 



 
chr5 14922272 14922735 

 
100.6554 89 55.19919 96.92802 

 
chr5 149386650 149386936 

 
87.526436 52 65.235405 46.792835 

 
chr5 149415124 149415517 

 
56.89218 112 65.235405 73.5316 

 
chr5 150819740 150820049 

 
21.881609 31 20.072432 25.06759 

 
chr5 150825259 150825695 

 
61.268505 119 70.25351 105.28388 

 
chr5 153253635 153253890 

 
13.128965 22 85.30783 31.752281 

 
chr5 153557093 153557482 

 
96.27908 88 50.18108 81.88747 

 
chr5 153733449 153733903 

 
70.02115 54 60.217293 58.491047 

 
chr5 154013726 154014113 

 
455.13745 274 506.8289 325.8787 

 
chr5 154135961 154136285 

 
43.763218 34 75.27162 28.409937 

 
chr5 154178261 154178546 

 
17.505287 58 50.18108 60.16222 

 
chr5 154194581 154195046 

 
135.66597 154 80.28973 157.09024 

 
chr5 154235059 154235326 

 
48.13954 21 50.18108 51.806355 

 
chr5 157092256 157092547 

 
21.881609 52 40.144863 56.819874 

 
chr5 157104281 157104631 

 
78.77379 67 70.25351 73.5316 

 
chr5 159620472 159620970 

 
109.40804 202 95.34405 198.86955 

 
chr5 16536023 16536438 

 
39.386894 76 65.235405 35.094627 

 
chr5 167930404 167930727 

 
21.881609 40 10.036216 38.436974 

 
chr5 168173134 168173660 

 
231.94505 173 210.76053 165.4461 

 
chr5 168235476 168235840 

 
61.268505 85 65.235405 80.21629 

 
chr5 168236993 168237413 

 
214.43977 191 180.65189 233.96419 

 
chr5 169608230 169608616 

 
140.0423 133 140.50702 127.009125 

 
chr5 169676637 169676930 

 
30.634253 51 20.072432 55.1487 

 
chr5 170622810 170623040 

 
17.505287 32 15.054323 26.738764 

 
chr5 171503942 171504323 

 
65.64483 79 60.217293 55.1487 

 
chr5 172132163 172132586 

 
122.53701 105 135.4889 88.57216 



 
chr5 172683741 172683999 

 
35.010574 33 20.072432 18.3829 

 
chr5 173190835 173191113 

 
13.128965 36 10.036216 31.752281 

 
chr5 173198784 173199252 

 
74.39747 100 85.30783 86.900986 

 
chr5 173220219 173220621 

 
196.93448 192 240.86917 222.26598 

 
chr5 173244969 173245289 

 
109.40804 62 95.34405 78.54512 

 
chr5 177487062 177487295 

 
13.128965 61 20.072432 48.46401 

 
chr5 177808856 177809137 

 
26.25793 37 10.036216 13.369382 

 
chr5 179180981 179181273 

 
113.78436 32 170.61566 38.436974 

 
chr5 179914921 179915243 

 
56.89218 88 25.09054 81.88747 

 
chr5 29831939 29832343 

 
96.27908 163 70.25351 150.40555 

 
chr5 30012726 30013014 

 
39.386894 44 15.054323 45.121662 

 
chr5 31114923 31115317 

 
35.010574 55 35.126755 60.16222 

 
chr5 31472780 31473070 

 
0 36 0 21.725246 

 
chr5 31933927 31934332 

 
48.13954 50 105.380264 43.450493 

 
chr5 32321392 32321733 

 
39.386894 94 35.126755 73.5316 

 
chr5 34735660 34735943 

 
39.386894 33 30.108646 18.3829 

 
chr5 37223452 37223799 

 
83.150116 118 140.50702 111.968575 

 
chr5 39292532 39292790 

 
8.752644 38 0 15.040555 

 
chr5 40088680 40089107 

 
74.39747 78 65.235405 63.504562 

 
chr5 41774614 41774931 

 
43.763218 50 30.108646 41.77932 

 
chr5 42908715 42908960 

 
118.16069 89 55.19919 76.87395 

 
chr5 43808689 43808986 

 
8.752644 28 20.072432 40.108147 

 
chr5 49716025 49716366 

 
52.51586 57 60.217293 76.87395 

 
chr5 53657232 53657594 

 
157.54758 122 95.34405 111.968575 

 
chr5 55369044 55369505 

 
166.30023 106 145.52513 66.84691 

 
chr5 55455203 55455713 

 
175.05287 180 110.39838 137.03616 



 
chr5 56008086 56008365 

 
8.752644 35 35.126755 13.369382 

 
chr5 56020049 56020293 

 
26.25793 37 15.054323 21.725246 

 
chr5 64432495 64432892 

 
56.89218 140 120.434586 167.11728 

 
chr5 65141795 65142117 

 
52.51586 60 70.25351 45.121662 

 
chr5 66143879 66144188 

 
39.386894 38 65.235405 20.054073 

 
chr5 67147266 67147668 

 
21.881609 30 40.144863 45.121662 

 
chr5 67621784 67622062 

 
17.505287 38 25.09054 31.752281 

 
chr5 67698862 67699314 

 
201.3108 199 180.65189 208.89659 

 
chr5 67746765 67747079 

 
48.13954 40 45.16297 26.738764 

 
chr5 67751715 67751993 

 
48.13954 41 10.036216 31.752281 

 
chr5 67752187 67752603 

 
183.80551 178 140.50702 220.5948 

 
chr5 67759753 67760251 

 
301.96622 190 286.03214 240.64888 

 
chr5 67812001 67812314 

 
48.13954 61 35.126755 73.5316 

 
chr5 67813787 67814114 

 
8.752644 54 10.036216 55.1487 

 
chr5 68632147 68632436 

 
39.386894 42 30.108646 38.436974 

 
chr5 71565779 71566037 

 
4.376322 36 15.054323 30.08111 

 
chr5 71929203 71929557 

 
48.13954 50 65.235405 45.121662 

 
chr5 72285217 72285580 

 
131.28966 97 95.34405 86.900986 

 
chr5 75859184 75859571 

 
74.39747 75 125.4527 63.504562 

 
chr5 75989519 75989949 

 
175.05287 171 386.39432 210.56776 

 
chr5 76181547 76181835 

 
30.634253 41 55.19919 30.08111 

 
chr5 76278734 76279071 

 
61.268505 53 70.25351 58.491047 

 
chr5 77213137 77213431 

 
43.763218 42 30.108646 26.738764 

 
chr5 77854915 77855324 

 
113.78436 102 125.4527 121.99561 

 
chr5 77919182 77919694 

 
201.3108 199 170.61566 203.88307 

 
chr5 79142629 79143068 

 
35.010574 57 20.072432 70.189255 



 
chr5 79410493 79410865 

 
48.13954 34 85.30783 51.806355 

 
chr5 79985101 79985417 

 
39.386894 28 70.25351 68.51808 

 
chr5 81086244 81086589 

 
43.763218 58 35.126755 50.13518 

 
chr5 85858423 85858764 

 
17.505287 47 60.217293 45.121662 

 
chr5 86447530 86447830 

 
78.77379 73 115.41648 78.54512 

 
chr5 89975741 89976128 

 
140.0423 103 205.74242 133.69382 

 
chr5 92944381 92944699 

 
26.25793 49 55.19919 35.094627 

 
chr5 93035608 93036035 

 
161.9239 175 105.380264 165.4461 

 
chr5 95010017 95010330 

 
65.64483 43 60.217293 56.819874 

 
chr5 95295883 95296314 

 
70.02115 86 105.380264 95.25684 

 
chr5 95358695 95359102 

 
65.64483 40 75.27162 25.06759 

 
chr5 95392709 95392971 

 
65.64483 48 15.054323 53.477528 

 
chr5 95442976 95443255 

 
39.386894 42 35.126755 48.46401 

 
chr5 96103402 96103736 

 
65.64483 73 80.28973 45.121662 

 
chr6 10833268 10833685 

 
52.51586 50 20.072432 38.436974 

 
chr6 10857946 10858369 

 
83.150116 90 70.25351 78.54512 

 
chr6 10879768 10880071 

 
39.386894 47 20.072432 23.396418 

 
chr6 108970162 108970604 

 
65.64483 90 55.19919 61.833393 

 
chr6 108986947 108987256 

 
56.89218 54 65.235405 80.21629 

 
chr6 108990592 108990918 

 
48.13954 31 35.126755 28.409937 

 
chr6 109002622 109003068 

 
74.39747 141 80.28973 190.51369 

 
chr6 109003889 109004237 

 
56.89218 60 35.126755 40.108147 

 
chr6 109006450 109006856 

 
91.902756 103 145.52513 130.35147 

 
chr6 109009137 109009496 

 
13.128965 36 35.126755 45.121662 

 
chr6 109026106 109026430 

 
21.881609 30 45.16297 31.752281 

 
chr6 109530691 109530938 

 
21.881609 31 10.036216 31.752281 



 
chr6 109768230 109768546 

 
61.268505 44 20.072432 38.436974 

 
chr6 110629225 110629736 

 
30.634253 53 45.16297 58.491047 

 
chr6 110895698 110896130 

 
131.28966 110 100.36216 118.65327 

 
chr6 112031620 112031961 

 
30.634253 36 50.18108 33.423454 

 
chr6 112232851 112233123 

 
30.634253 56 50.18108 36.7658 

 
chr6 114387182 114387428 

 
43.763218 36 5.018108 30.08111 

 
chr6 117194343 117194682 

 
48.13954 41 75.27162 20.054073 

 
chr6 119842963 119843353 

 
56.89218 49 35.126755 38.436974 

 
chr6 119990190 119990540 

 
153.17126 118 125.4527 133.69382 

 
chr6 125128116 125128553 

 
135.66597 112 110.39838 125.33795 

 
chr6 125446076 125446389 

 
135.66597 68 95.34405 40.108147 

 
chr6 125891404 125891691 

 
61.268505 52 45.16297 46.792835 

 
chr6 126113134 126113410 

 
21.881609 30 40.144863 36.7658 

 
chr6 126152530 126153043 

 
61.268505 62 40.144863 35.094627 

 
chr6 126235038 126235336 

 
43.763218 52 25.09054 23.396418 

 
chr6 126475147 126475486 

 
43.763218 68 70.25351 56.819874 

 
chr6 129870740 129871067 

 
126.91333 107 80.28973 103.61271 

 
chr6 130026065 130026301 

 
30.634253 32 45.16297 28.409937 

 
chr6 130064634 130064894 

 
13.128965 33 40.144863 21.725246 

 
chr6 130569343 130569637 

 
30.634253 15 45.16297 43.450493 

 
chr6 131391569 131391838 

 
21.881609 32 15.054323 10.027037 

 
chr6 132876043 132876355 

 
39.386894 30 50.18108 55.1487 

 
chr6 133327040 133327367 

 
43.763218 76 35.126755 81.88747 

 
chr6 134064455 134064784 

 
35.010574 56 10.036216 50.13518 

 
chr6 134320801 134321046 

 
30.634253 38 30.108646 45.121662 

 
chr6 13443066 13443456 

 
83.150116 91 90.32594 100.27036 



 
chr6 134558430 134558712 

 
70.02115 38 30.108646 23.396418 

 
chr6 13503506 13503769 

 
0 46 20.072432 40.108147 

 
chr6 13514033 13514399 

 
52.51586 38 60.217293 36.7658 

 
chr6 13516038 13516388 

 
39.386894 53 55.19919 40.108147 

 
chr6 135436936 135437171 

 
30.634253 31 10.036216 21.725246 

 
chr6 135459982 135460419 

 
61.268505 35 45.16297 20.054073 

 
chr6 135480939 135481272 

 
21.881609 32 25.09054 11.698209 

 
chr6 135554625 135554876 

 
35.010574 33 50.18108 21.725246 

 
chr6 135684179 135684486 

 
61.268505 54 35.126755 40.108147 

 
chr6 135685969 135686426 

 
43.763218 35 40.144863 35.094627 

 
chr6 13624174 13624431 

 
26.25793 41 15.054323 30.08111 

 
chr6 138226136 138226470 

 
39.386894 24 20.072432 43.450493 

 
chr6 139582216 139582598 

 
65.64483 36 60.217293 23.396418 

 
chr6 139808323 139808648 

 
56.89218 84 60.217293 68.51808 

 
chr6 139896982 139897285 

 
118.16069 75 60.217293 51.806355 

 
chr6 140011227 140011564 

 
52.51586 39 35.126755 28.409937 

 
chr6 14021173 14021501 

 
17.505287 28 0 40.108147 

 
chr6 14088146 14088416 

 
56.89218 36 35.126755 30.08111 

 
chr6 142763358 142763713 

 
113.78436 79 95.34405 40.108147 

 
chr6 145249504 145249803 

 
43.763218 129 45.16297 106.955055 

 
chr6 14585087 14585442 

 
126.91333 92 135.4889 83.55864 

 
chr6 147277370 147277790 

 
52.51586 85 70.25351 86.900986 

 
chr6 14836849 14837200 

 
17.505287 37 50.18108 51.806355 

 
chr6 14842819 14843250 

 
218.81609 151 215.77864 167.11728 

 
chr6 149482180 149482437 

 
26.25793 32 25.09054 25.06759 

 
chr6 149503344 149503627 

 
21.881609 47 30.108646 41.77932 



 
chr6 149572674 149572928 

 
78.77379 100 55.19919 78.54512 

 
chr6 15020373 15020730 

 
35.010574 39 40.144863 43.450493 

 
chr6 15197006 15197296 

 
70.02115 74 105.380264 68.51808 

 
chr6 15215210 15215471 

 
43.763218 39 35.126755 25.06759 

 
chr6 152454777 152455199 

 
43.763218 52 25.09054 45.121662 

 
chr6 15412889 15413270 

 
30.634253 59 20.072432 53.477528 

 
chr6 154935432 154935834 

 
78.77379 70 30.108646 60.16222 

 
chr6 15590183 15590456 

 
17.505287 23 25.09054 33.423454 

 
chr6 156099660 156100036 

 
140.0423 136 115.41648 203.88307 

 
chr6 157802553 157802848 YES qPCR 17.505287 10 60.217293 40.108147 

 
chr6 157829644 157829986 

 
100.6554 56 90.32594 51.806355 

 
chr6 157856046 157856470 

 
148.79494 94 155.56134 160.43259 

 
chr6 158247495 158247827 

 
48.13954 104 50.18108 75.202774 

 
chr6 159158321 159158681 

 
39.386894 31 60.217293 35.094627 

 
chr6 159840152 159840432 

 
43.763218 121 55.19919 137.03616 

 
chr6 160372890 160373246 

 
61.268505 65 90.32594 78.54512 

 
chr6 160442484 160442875 

 
39.386894 126 60.217293 123.66679 

 
chr6 161595884 161596244 

 
157.54758 140 135.4889 148.73438 

 
chr6 161606488 161606887 

 
39.386894 39 100.36216 61.833393 

 
chr6 16323755 16324054 

 
61.268505 62 35.126755 53.477528 

 
chr6 16375903 16376212 

 
48.13954 44 100.36216 46.792835 

 
chr6 16378353 16378994 

 
258.20297 259 225.81485 285.77054 

 
chr6 164383427 164383686 YES 4.376322 17 40.144863 31.752281 

 
chr6 167045829 167046212 

 
48.13954 81 75.27162 100.27036 

 
chr6 167051609 167051966 

 
91.902756 108 115.41648 130.35147 

 
chr6 167052051 167052325 

 
30.634253 50 70.25351 46.792835 



 
chr6 20177326 20177652 

 
26.25793 28 15.054323 31.752281 

 
chr6 20517922 20518246 

 
39.386894 54 30.108646 43.450493 

 
chr6 20683415 20683654 

 
78.77379 43 50.18108 40.108147 

 
chr6 24559842 24560310 

 
39.386894 60 20.072432 71.86043 

 
chr6 24601784 24602077 YES 4.376322 36 45.16297 60.16222 

 
chr6 25806738 25807241 

 
118.16069 128 85.30783 132.02264 

TRIM10 promoter chr6 30236540 30237299 
 

354.48206 267 396.4305 374.34268 

 
chr6 30691443 30692141 

 
91.902756 35 35.126755 46.792835 

 
chr6 30788329 30788709 

 
30.634253 46 20.072432 33.423454 

 
chr6 31064244 31064540 

 
39.386894 35 30.108646 20.054073 

 
chr6 31762320 31762613 

 
13.128965 32 40.144863 23.396418 

 
chr6 31777691 31778048 

 
61.268505 53 90.32594 83.55864 

 
chr6 32183190 32183494 

 
30.634253 55 45.16297 48.46401 

 
chr6 32207341 32207672 

 
293.21356 145 366.32187 170.45963 

 
chr6 32272561 32272869 

 
26.25793 32 30.108646 13.369382 

 
chr6 3233643 3233946 

 
8.752644 31 20.072432 31.752281 

 
chr6 32364230 32364548 

 
61.268505 58 35.126755 38.436974 

 
chr6 3363811 3364110 

 
39.386894 42 25.09054 28.409937 

 
chr6 3372880 3373244 

 
17.505287 49 10.036216 16.711727 

 
chr6 34349080 34349347 

 
30.634253 34 10.036216 20.054073 

 
chr6 34691372 34691760 

 
39.386894 50 25.09054 36.7658 

 
chr6 3516504 3516818 

 
48.13954 52 45.16297 55.1487 

 
chr6 3596136 3596540 

 
175.05287 128 210.76053 137.03616 

 
chr6 36192766 36193073 

 
56.89218 37 40.144863 26.738764 

 
chr6 36194317 36194738 

 
140.0423 96 125.4527 85.22981 

 
chr6 36423431 36423850 

 
118.16069 75 85.30783 56.819874 



 
chr6 36653163 36653419 

 
35.010574 31 30.108646 25.06759 

 
chr6 37179050 37179495 

 
144.41862 133 120.434586 128.6803 

 
chr6 37185795 37186077 

 
26.25793 30 25.09054 33.423454 

 
chr6 37377716 37378275 

 
214.43977 217 215.77864 272.40115 

 
chr6 37390546 37390933 

 
161.9239 186 150.54324 232.29301 

 
chr6 37535936 37536345 

 
166.30023 172 110.39838 203.88307 

 
chr6 37743330 37743613 

 
26.25793 32 25.09054 11.698209 

 
chr6 39263312 39263609 

 
21.881609 38 15.054323 30.08111 

 
chr6 40596465 40596697 

 
17.505287 26 20.072432 36.7658 

 
chr6 40791336 40791897 

 
240.6977 222 210.76053 262.3741 

 
chr6 41117974 41118346 

 
74.39747 91 80.28973 65.175735 

 
chr6 4122262 4122534 

 
4.376322 48 10.036216 53.477528 

 
chr6 41276315 41276608 

 
21.881609 41 35.126755 23.396418 

 
chr6 41894336 41894731 

 
61.268505 63 30.108646 63.504562 

 
chr6 42032835 42033318 

 
35.010574 74 80.28973 43.450493 

 
chr6 42092752 42093298 

 
245.07402 169 235.85107 167.11728 

 
chr6 42106654 42106888 

 
35.010574 33 70.25351 20.054073 

 
chr6 42167908 42168153 

 
113.78436 82 90.32594 70.189255 

 
chr6 4219705 4219952 

 
105.03172 69 130.47081 73.5316 

 
chr6 43302196 43302473 

 
21.881609 38 10.036216 21.725246 

 
chr6 43706884 43707221 

 
148.79494 169 100.36216 148.73438 

 
chr6 43852200 43852467 

 
39.386894 40 35.126755 40.108147 

 
chr6 44045283 44045579 

 
21.881609 39 40.144863 38.436974 

 
chr6 44062277 44062600 

 
30.634253 32 65.235405 16.711727 

 
chr6 44301497 44301807 

 
91.902756 53 90.32594 51.806355 

 
chr6 456783 457121 

 
30.634253 54 5.018108 55.1487 



 
chr6 46293444 46293821 

 
52.51586 63 35.126755 46.792835 

 
chr6 46349614 46349999 

 
48.13954 58 85.30783 56.819874 

 
chr6 4673182 4673661 

 
78.77379 106 45.16297 101.941536 

 
chr6 47496163 47496679 

 
122.53701 140 85.30783 91.9145 

 
chr6 4856355 4856723 

 
205.68712 176 210.76053 198.86955 

 
chr6 4873663 4873973 

 
56.89218 36 40.144863 35.094627 

 
chr6 4881953 4882200 

 
21.881609 37 15.054323 16.711727 

 
chr6 49712296 49712776 

 
148.79494 125 60.217293 140.37851 

 
chr6 49721903 49722314 

 
236.32138 220 215.77864 205.55424 

 
chr6 49811922 49812335 

 
70.02115 96 145.52513 105.28388 

 
chr6 51034982 51035252 

 
30.634253 26 45.16297 33.423454 

 
chr6 52376444 52376794 

 
61.268505 50 50.18108 60.16222 

 
chr6 52477425 52477818 

 
35.010574 48 60.217293 48.46401 

 
chr6 53040576 53040901 

 
48.13954 96 25.09054 95.25684 

 
chr6 53263315 53263596 

 
48.13954 62 20.072432 48.46401 

 
chr6 53504874 53505234 

 
131.28966 86 90.32594 86.900986 

 
chr6 53512351 53512736 

 
61.268505 76 90.32594 88.57216 

 
chr6 5412027 5412339 

 
13.128965 75 10.036216 55.1487 

 
chr6 5458790 5459032 

 
39.386894 37 30.108646 15.040555 

 
chr6 57062483 57062828 

 
56.89218 97 50.18108 105.28388 

 
chr6 63233127 63233367 

 
21.881609 19 20.072432 33.423454 

 
chr6 6424981 6425350 YES qPCR 8.752644 14 60.217293 61.833393 

 
chr6 6649655 6650031 

 
100.6554 73 110.39838 31.752281 

 
chr6 6654369 6654656 

 
39.386894 29 45.16297 46.792835 

 
chr6 6655200 6655448 YES 21.881609 31 5.018108 3.3423455 

 
chr6 6831549 6831994 

 
122.53701 108 115.41648 153.7479 



 
chr6 70929681 70929952 

 
4.376322 36 5.018108 3.3423455 

 
chr6 71103877 71104274 

 
131.28966 200 90.32594 200.54073 

 
chr6 7170098 7170519 

 
30.634253 64 35.126755 56.819874 

 
chr6 7413718 7414042 

 
17.505287 42 50.18108 21.725246 

 
chr6 7525139 7525410 

 
21.881609 48 15.054323 20.054073 

 
chr6 7844850 7845291 

 
91.902756 88 105.380264 63.504562 

 
chr6 82704792 82705140 

 
26.25793 30 20.072432 51.806355 

 
chr6 85036413 85036875 

 
170.67654 131 155.56134 143.72086 

 
chr6 86254286 86254627 

 
48.13954 46 30.108646 31.752281 

 
chr6 88131045 88131528 

 
43.763218 133 35.126755 101.941536 

 
chr6 90595770 90596065 

 
74.39747 61 35.126755 38.436974 

 
chr6 90925408 90925716 

 
52.51586 47 30.108646 33.423454 

 
chr6 90929145 90929468 

 
43.763218 40 40.144863 26.738764 

 
chr6 90951417 90951719 

 
65.64483 47 45.16297 48.46401 

 
chr7 100076959 100077397 

 
205.68712 121 190.6881 115.31092 

 
chr7 100329734 100330151 

 
105.03172 114 110.39838 90.243324 

 
chr7 100674064 100674448 

 
109.40804 61 190.6881 78.54512 

 
chr7 101510688 101510956 

 
48.13954 38 20.072432 13.369382 

 
chr7 101869180 101869448 

 
105.03172 60 80.28973 35.094627 

 
chr7 102353696 102353999 

 
96.27908 64 80.28973 48.46401 

 
chr7 102577793 102578226 

 
105.03172 110 90.32594 120.32444 

 
chr7 102681908 102682166 

 
21.881609 34 65.235405 60.16222 

 
chr7 102968785 102969074 YES qPCR 35.010574 46 5.018108 5.0135183 

 
chr7 1050151 1050479 

 
109.40804 93 55.19919 60.16222 

 
chr7 105446304 105446543 

 
30.634253 79 5.018108 88.57216 

 
chr7 105996561 105997050 

 
109.40804 111 75.27162 116.98209 



 
chr7 106406282 106406658 

 
109.40804 111 110.39838 123.66679 

 
chr7 106435019 106435435 

 
175.05287 173 190.6881 111.968575 

 
chr7 107261401 107261672 

 
61.268505 31 60.217293 16.711727 

 
chr7 107264017 107264468 

 
179.4292 240 110.39838 237.30653 

 
chr7 10809901 10810200 

 
122.53701 100 65.235405 66.84691 

 
chr7 110651037 110651310 

 
26.25793 39 15.054323 31.752281 

 
chr7 110902507 110902832 

 
87.526436 52 50.18108 35.094627 

 
chr7 120414586 120414888 

 
17.505287 38 20.072432 20.054073 

 
chr7 125032607 125032884 

 
21.881609 20 15.054323 33.423454 

 
chr7 127236697 127237113 

 
96.27908 98 135.4889 127.009125 

 
chr7 12737989 12738291 

 
83.150116 65 65.235405 68.51808 

 
chr7 127414190 127414567 

 
74.39747 92 70.25351 111.968575 

 
chr7 128577320 128577602 

 
83.150116 61 140.50702 50.13518 

 
chr7 129147460 129147796 

 
48.13954 72 40.144863 66.84691 

 
chr7 129177163 129177615 

 
218.81609 166 270.9778 173.80197 

 
chr7 129385672 129386145 

 
240.6977 222 175.63377 233.96419 

 
chr7 131825154 131825467 

 
26.25793 40 30.108646 23.396418 

 
chr7 133695063 133695474 

 
61.268505 69 85.30783 76.87395 

 
chr7 133975216 133975530 

 
78.77379 107 80.28973 110.2974 

 
chr7 133995775 133996105 

 
100.6554 100 70.25351 80.21629 

 
chr7 134170166 134170527 

 
157.54758 96 140.50702 96.92802 

 
chr7 134999253 134999645 

 
188.18184 117 165.59756 128.6803 

 
chr7 135368756 135369078 

 
52.51586 49 90.32594 28.409937 

 
chr7 138426148 138426524 

 
161.9239 121 140.50702 115.31092 

 
chr7 139262195 139262954 

 
65.64483 185 60.217293 242.32005 

 
chr7 139614100 139614381 

 
39.386894 43 35.126755 33.423454 



 
chr7 141838153 141838482 

 
70.02115 81 60.217293 71.86043 

 
chr7 142246402 142246775 

 
65.64483 119 45.16297 80.21629 

 
chr7 142369453 142369773 

 
74.39747 71 50.18108 66.84691 

 
chr7 146056682 146057003 

 
56.89218 77 35.126755 50.13518 

 
chr7 150283888 150284247 

 
48.13954 14 115.41648 35.094627 

 
chr7 150322603 150322926 

 
78.77379 47 60.217293 30.08111 

 
chr7 151339429 151339736 

 
4.376322 48 5.018108 21.725246 

 
chr7 155070605 155071000 

 
52.51586 40 35.126755 33.423454 

 
chr7 156662975 156663399 

 
96.27908 76 85.30783 60.16222 

 
chr7 16275110 16275553 

 
157.54758 115 200.72432 103.61271 

 
chr7 1654381 1654707 

 
113.78436 46 105.380264 31.752281 

 
chr7 17236311 17236614 

 
30.634253 37 45.16297 35.094627 

 
chr7 20704653 20705026 

 
148.79494 114 130.47081 110.2974 

 
chr7 21428937 21429174 

 
26.25793 35 50.18108 20.054073 

 
chr7 2310709 2311051 

 
170.67654 139 165.59756 143.72086 

 
chr7 23167694 23167990 

 
30.634253 57 10.036216 48.46401 

 
chr7 25501493 25501881 

 
43.763218 83 45.16297 68.51808 

 
chr7 26186900 26187130 

 
83.150116 68 50.18108 45.121662 

 
chr7 26206676 26206982 

 
30.634253 19 35.126755 33.423454 

 
chr7 2741375 2741817 

 
223.19241 212 205.74242 260.70294 

 
chr7 28188112 28188695 

 
56.89218 85 45.16297 96.92802 

 
chr7 28206867 28207159 

 
179.4292 153 140.50702 148.73438 

 
chr7 28209911 28210376 

 
166.30023 183 175.63377 188.84251 

 
chr7 28484726 28485025 

 
35.010574 19 35.126755 43.450493 

 
chr7 29115523 29115954 

 
70.02115 138 75.27162 106.955055 

 
chr7 29897997 29898295 

 
35.010574 41 10.036216 26.738764 



 
chr7 30150812 30151075 

 
30.634253 34 25.09054 25.06759 

 
chr7 30152454 30152687 

 
13.128965 39 15.054323 26.738764 

 
chr7 30767365 30767744 

 
48.13954 47 75.27162 43.450493 

 
chr7 30903233 30903847 

 
153.17126 104 195.7062 168.78845 

 
chr7 30921235 30921661 

 
122.53701 92 155.56134 85.22981 

 
chr7 30932258 30932814 

 
192.55817 116 155.56134 111.968575 

 
chr7 33047862 33048120 

 
87.526436 54 70.25351 53.477528 

 
chr7 36934510 36934844 

 
39.386894 51 60.217293 23.396418 

 
chr7 37082814 37083186 

 
74.39747 54 80.28973 50.13518 

 
chr7 37363747 37364077 

 
74.39747 75 55.19919 76.87395 

 
chr7 37411943 37412312 

 
131.28966 127 125.4527 133.69382 

 
chr7 37823756 37824111 

 
70.02115 75 65.235405 65.175735 

 
chr7 39816348 39816674 

 
87.526436 83 90.32594 46.792835 

 
chr7 44660577 44660840 

 
8.752644 34 0 18.3829 

 
chr7 44853546 44853873 

 
43.763218 49 40.144863 28.409937 

 
chr7 45007400 45007674 

 
30.634253 29 30.108646 38.436974 

 
chr7 45251104 45251476 

 
21.881609 37 45.16297 15.040555 

 
chr7 47272957 47273402 

 
48.13954 68 50.18108 71.86043 

 
chr7 47348953 47349261 

 
61.268505 37 75.27162 31.752281 

 
chr7 47380203 47380515 

 
105.03172 93 120.434586 165.4461 

 
chr7 47569258 47569523 

 
13.128965 46 25.09054 30.08111 

 
chr7 47574678 47575177 

 
144.41862 172 180.65189 188.84251 

 
chr7 50390936 50391333 

 
56.89218 70 50.18108 65.175735 

 
chr7 50391401 50391641 

 
52.51586 38 65.235405 26.738764 

 
chr7 50395227 50395563 

 
74.39747 58 95.34405 63.504562 

 
chr7 50395859 50396277 

 
35.010574 47 55.19919 20.054073 



 
chr7 50532218 50532595 

 
17.505287 32 15.054323 48.46401 

 
chr7 52009183 52009434 

 
70.02115 35 25.09054 8.355864 

 
chr7 5464071 5464364 

 
52.51586 34 50.18108 11.698209 

 
chr7 5532560 5533121 

 
122.53701 40 70.25351 21.725246 

 
chr7 55589297 55589574 

 
61.268505 51 30.108646 48.46401 

 
chr7 6028840 6029169 

 
43.763218 62 30.108646 48.46401 

 
chr7 6030116 6030536 

 
183.80551 152 130.47081 167.11728 

 
chr7 6038412 6038737 

 
39.386894 100 70.25351 91.9145 

 
chr7 6062817 6063131 

 
105.03172 92 70.25351 100.27036 

 
chr7 65656657 65656999 

 
17.505287 27 20.072432 45.121662 

 
chr7 65742224 65742562 

 
126.91333 63 85.30783 75.202774 

 
chr7 69672394 69672742 

 
91.902756 36 70.25351 33.423454 

 
chr7 7105775 7106187 

 
87.526436 55 55.19919 40.108147 

 
chr7 7106460 7106904 

 
210.06345 221 180.65189 220.5948 

 
chr7 7110488 7110852 

 
78.77379 59 50.18108 58.491047 

 
chr7 72810921 72811231 

 
30.634253 31 25.09054 26.738764 

 
chr7 72938482 72938772 

 
87.526436 83 70.25351 93.58567 

 
chr7 7620599 7620866 

 
48.13954 33 40.144863 41.77932 

 
chr7 76830225 76830464 

 
8.752644 31 15.054323 21.725246 

 
chr7 80113270 80113787 

 
275.70828 213 200.72432 233.96419 

 
chr7 80676220 80676588 

 
30.634253 47 100.36216 40.108147 

 
chr7 8207923 8208229 YES 39.386894 60 5.018108 10.027037 

 
chr7 8232731 8233027 

 
52.51586 59 65.235405 30.08111 

 
chr7 90193965 90194282 

 
13.128965 24 35.126755 35.094627 

 
chr7 92649072 92649431 

 
61.268505 67 30.108646 66.84691 

 
chr7 92686306 92686602 

 
39.386894 51 25.09054 45.121662 



 
chr7 92686731 92687003 

 
48.13954 45 10.036216 16.711727 

 
chr7 93362558 93362893 

 
26.25793 61 25.09054 61.833393 

 
chr7 95666696 95666976 

 
17.505287 26 55.19919 31.752281 

 
chr7 97600398 97600756 

 
56.89218 82 40.144863 43.450493 

 
chr7 98366479 98366905 

 
65.64483 58 55.19919 60.16222 

 
chr7 99100897 99101251 

 
35.010574 33 70.25351 35.094627 

 
chr7 99497081 99497470 

 
122.53701 169 115.41648 182.15782 

 
chr7 99866493 99866752 

 
17.505287 22 25.09054 36.7658 

 
chr7 99946323 99946654 

 
52.51586 39 20.072432 36.7658 

 
chr8 101491894 101492322 

 
135.66597 136 180.65189 125.33795 

 
chr8 101496880 101497196 

 
30.634253 41 65.235405 30.08111 

 
chr8 101553625 101554006 

 
131.28966 123 35.126755 68.51808 

 
chr8 101845318 101845721 

 
131.28966 177 150.54324 185.50017 

 
chr8 103672278 103672713 

 
170.67654 122 165.59756 140.37851 

 
chr8 103980686 103981170 

 
113.78436 182 180.65189 255.68942 

 
chr8 104160309 104160567 

 
21.881609 34 15.054323 18.3829 

 
chr8 106601872 106602190 

 
26.25793 85 30.108646 73.5316 

 
chr8 10672174 10672588 

 
109.40804 76 120.434586 70.189255 

 
chr8 108832672 108833019 

 
35.010574 65 65.235405 38.436974 

 
chr8 110145425 110145783 

 
39.386894 55 20.072432 51.806355 

 
chr8 110450979 110451301 

 
56.89218 41 60.217293 40.108147 

 
chr8 110474154 110474469 

 
87.526436 115 80.28973 101.941536 

 
chr8 11245229 11245543 

 
65.64483 56 75.27162 65.175735 

 
chr8 117265359 117265795 

 
17.505287 60 25.09054 18.3829 

 
chr8 11757599 11757971 

 
218.81609 159 185.67 203.88307 

 
chr8 11774234 11774683 

 
201.3108 122 200.72432 155.41907 



 
chr8 123248650 123248884 

 
48.13954 32 15.054323 36.7658 

 
chr8 123909580 123909977 

 
17.505287 91 30.108646 45.121662 

 
chr8 124248842 124249212 

 
122.53701 95 80.28973 76.87395 

 
chr8 124263800 124264219 

 
148.79494 195 210.76053 222.26598 

 
chr8 12451068 12451333 

 
113.78436 100 175.63377 175.47314 

 
chr8 124595714 124595982 

 
21.881609 32 25.09054 16.711727 

 
chr8 125003519 125003870 

 
8.752644 50 35.126755 60.16222 

 
chr8 125655928 125656244 

 
74.39747 73 60.217293 98.59919 

 
chr8 125664887 125665130 

 
17.505287 36 40.144863 25.06759 

 
chr8 125732544 125732869 

 
74.39747 79 60.217293 73.5316 

 
chr8 125765955 125766220 

 
48.13954 41 35.126755 31.752281 

 
chr8 125924220 125924507 

 
35.010574 37 25.09054 30.08111 

 
chr8 125997642 125998194 

 
288.83725 241 316.1408 252.34708 

 
chr8 126262405 126262667 

 
74.39747 95 60.217293 103.61271 

 
chr8 126360506 126360811 

 
52.51586 36 35.126755 38.436974 

 
chr8 128980193 128980557 

 
105.03172 69 75.27162 73.5316 

 
chr8 129041736 129042115 

 
43.763218 115 105.380264 68.51808 

 
chr8 129095876 129096114 

 
13.128965 36 20.072432 26.738764 

 
chr8 129126415 129126730 

 
39.386894 33 30.108646 26.738764 

 
chr8 129130309 129130617 

 
35.010574 32 25.09054 16.711727 

 
chr8 13007833 13008153 

 
48.13954 61 35.126755 40.108147 

 
chr8 130663574 130663863 

 
13.128965 22 45.16297 31.752281 

 
chr8 131383811 131384142 

 
30.634253 46 30.108646 31.752281 

 
chr8 131424474 131424936 

 
109.40804 114 95.34405 98.59919 

 
chr8 131437525 131437924 

 
78.77379 93 50.18108 75.202774 

 
chr8 134081564 134081878 

 
61.268505 34 15.054323 36.7658 



 
chr8 134353224 134353524 

 
35.010574 84 75.27162 68.51808 

 
chr8 135624293 135624689 

 
30.634253 35 50.18108 46.792835 

 
chr8 141698180 141698643 

 
236.32138 128 185.67 128.6803 

 
chr8 141757921 141758216 

 
21.881609 127 65.235405 140.37851 

 
chr8 141772872 141773277 

 
109.40804 123 110.39838 111.968575 

 
chr8 141904370 141904679 

 
87.526436 52 40.144863 40.108147 

 
chr8 142343412 142343791 

 
70.02115 54 35.126755 48.46401 

 
chr8 142376699 142377033 

 
35.010574 39 55.19919 36.7658 

 
chr8 142636888 142637315 

 
205.68712 137 230.83296 183.829 

 
chr8 143739815 143740157 

 
65.64483 46 45.16297 75.202774 

 
chr8 144447345 144447668 

 
35.010574 60 75.27162 73.5316 

 
chr8 144552088 144552457 

 
52.51586 39 75.27162 28.409937 

 
chr8 145141535 145141771 

 
30.634253 40 30.108646 33.423454 

 
chr8 145509486 145509855 

 
87.526436 128 60.217293 91.9145 

 
chr8 17060468 17060706 

 
26.25793 55 30.108646 66.84691 

 
chr8 20136392 20136734 

 
100.6554 45 50.18108 26.738764 

 
chr8 21771858 21772177 

 
78.77379 68 25.09054 35.094627 

 
chr8 21776968 21777243 

 
83.150116 58 120.434586 51.806355 

 
chr8 21873877 21874322 

 
56.89218 177 45.16297 187.17134 

 
chr8 21973240 21973693 

 
240.6977 113 250.9054 100.27036 

 
chr8 22030079 22030366 

 
61.268505 40 65.235405 28.409937 

 
chr8 23400400 23400688 

 
30.634253 40 25.09054 36.7658 

 
chr8 23406060 23406592 

 
105.03172 70 70.25351 66.84691 

 
chr8 23407537 23408084 

 
459.5138 330 516.8651 374.34268 

 
chr8 23422066 23422717 

 
223.19241 232 215.77864 235.63536 

 
chr8 23441054 23441733 

 
319.4715 249 235.85107 284.09937 



 
chr8 23486362 23486795 

 
35.010574 39 45.16297 30.08111 

 
chr8 23486967 23487494 

 
70.02115 48 85.30783 30.08111 

 
chr8 24036899 24037169 

 
21.881609 34 20.072432 21.725246 

 
chr8 26206445 26206746 

 
61.268505 51 25.09054 28.409937 

 
chr8 26304467 26304866 

 
227.56873 183 110.39838 202.2119 

 
chr8 27228815 27229138 

 
26.25793 77 10.036216 35.094627 

 
chr8 27254470 27254781 

 
30.634253 44 45.16297 33.423454 

 
chr8 27275137 27275538 

 
100.6554 91 100.36216 90.243324 

 
chr8 27277072 27277449 

 
78.77379 69 120.434586 93.58567 

 
chr8 30148085 30148328 

 
48.13954 60 35.126755 56.819874 

 
chr8 37112246 37112597 

 
61.268505 72 55.19919 98.59919 

 
chr8 37650352 37650663 

 
122.53701 92 145.52513 88.57216 

 
chr8 37843796 37844106 

 
43.763218 83 80.28973 95.25684 

 
chr8 37868433 37868808 

 
39.386894 60 10.036216 41.77932 

 
chr8 38187374 38187702 

 
52.51586 110 60.217293 111.968575 

 
chr8 38801245 38801495 

 
61.268505 39 35.126755 31.752281 

 
chr8 40695278 40695649 

 
48.13954 62 70.25351 71.86043 

 
chr8 41744490 41744832 

 
70.02115 58 30.108646 71.86043 

 
chr8 41749307 41749815 

 
148.79494 185 105.380264 197.19838 

 
chr8 41773339 41773703 

 
100.6554 40 95.34405 76.87395 

 
chr8 41799731 41800064 

 
43.763218 46 20.072432 46.792835 

 
chr8 42010520 42010882 

 
39.386894 62 35.126755 80.21629 

 
chr8 42461235 42461819 

 
105.03172 184 160.57945 213.91011 

 
chr8 48632331 48632677 

 
113.78436 122 105.380264 86.900986 

 
chr8 49469158 49469402 

 
30.634253 48 10.036216 28.409937 

 
chr8 49509267 49509667 

 
113.78436 137 75.27162 90.243324 



 
chr8 49720595 49720862 

 
13.128965 37 0 8.355864 

 
chr8 49955215 49955461 

 
113.78436 109 45.16297 78.54512 

 
chr8 50376179 50376438 

 
52.51586 34 25.09054 13.369382 

 
chr8 53788150 53788513 

 
70.02115 64 45.16297 76.87395 

 
chr8 54567856 54568166 

 
56.89218 54 70.25351 90.243324 

 
chr8 54568978 54569469 

 
43.763218 65 50.18108 90.243324 

 
chr8 5808457 5808729 

 
17.505287 30 10.036216 35.094627 

 
chr8 5862837 5863088 

 
17.505287 45 60.217293 71.86043 

 
chr8 58903365 58903717 

 
26.25793 72 75.27162 172.1308 

 
chr8 59006253 59006600 

 
8.752644 18 25.09054 31.752281 

 
chr8 61651083 61651421 

 
48.13954 50 75.27162 45.121662 

 
chr8 62151434 62152041 

 
126.91333 151 160.57945 110.2974 

 
chr8 6521303 6521562 

 
8.752644 32 0 18.3829 

 
chr8 6618882 6619172 

 
43.763218 27 10.036216 35.094627 

 
chr8 66818125 66818420 

 
48.13954 43 50.18108 21.725246 

 
chr8 68330394 68330700 

 
17.505287 32 15.054323 20.054073 

 
chr8 71275991 71276281 

 
26.25793 22 25.09054 33.423454 

 
chr8 71297462 71297785 

 
17.505287 32 25.09054 21.725246 

 
chr8 81077424 81077721 

 
26.25793 42 75.27162 31.752281 

 
chr8 8241094 8241423 

 
48.13954 61 30.108646 25.06759 

 
chr8 86425316 86426112 

 
183.80551 78 160.57945 86.900986 

 
chr8 86451298 86452108 

 
87.526436 48 90.32594 30.08111 

 
chr8 86459095 86459683 

 
65.64483 36 65.235405 11.698209 

 
chr8 86553548 86553915 

 
122.53701 62 65.235405 53.477528 

 
chr8 86554868 86555285 

 
48.13954 172 50.18108 187.17134 

 
chr8 87040500 87040860 

 
61.268505 97 75.27162 81.88747 



 
chr8 88767950 88768235 

 
4.376322 67 10.036216 50.13518 

 
chr8 9059366 9059663 

 
17.505287 34 35.126755 68.51808 

 
chr8 91278803 91279151 

 
17.505287 57 25.09054 25.06759 

 
chr8 91727762 91728160 

 
91.902756 74 105.380264 60.16222 

 
chr8 93176735 93176979 

 
52.51586 51 60.217293 66.84691 

 
chr8 96249013 96249320 

 
35.010574 56 15.054323 58.491047 

 
chr8 97725790 97726085 

 
35.010574 41 70.25351 23.396418 

 
chr8 99387613 99387952 

 
144.41862 117 60.217293 98.59919 

 
chr9 100734255 100734487 

 
8.752644 32 10.036216 11.698209 

 
chr9 101886291 101886534 

 
21.881609 44 15.054323 18.3829 

 
chr9 103371872 103372179 

 
61.268505 52 30.108646 35.094627 

 
chr9 103466574 103466929 

 
153.17126 70 95.34405 41.77932 

 
chr9 106622468 106622777 

 
26.25793 51 30.108646 56.819874 

 
chr9 107187549 107187919 

 
39.386894 55 20.072432 36.7658 

 
chr9 109586591 109586958 

 
48.13954 79 35.126755 63.504562 

 
chr9 109896178 109896489 

 
35.010574 70 75.27162 81.88747 

 
chr9 112234442 112234780 

 
43.763218 59 80.28973 51.806355 

 
chr9 115024487 115024790 

 
30.634253 29 20.072432 38.436974 

 
chr9 115070362 115070712 

 
21.881609 42 25.09054 21.725246 

ALAD intron 1 chr9 115199253 115199720 
 

74.39747 146 105.380264 137.03616 

 
chr9 115374307 115374902 

 
118.16069 85 95.34405 103.61271 

 
chr9 116041046 116041285 

 
83.150116 35 60.217293 35.094627 

 
chr9 118122264 118122845 

 
227.56873 159 225.81485 165.4461 

 
chr9 118267266 118267597 

 
131.28966 78 215.77864 76.87395 

 
chr9 123152966 123153331 

 
39.386894 80 25.09054 83.55864 

 
chr9 123171771 123172340 

 
358.8584 165 441.5935 193.85603 



 
chr9 123178949 123179208 

 
4.376322 34 15.054323 6.684691 

 
chr9 123449178 123449424 

 
13.128965 34 20.072432 23.396418 

 
chr9 124134249 124134632 

 
61.268505 138 85.30783 145.39203 

 
chr9 124623600 124624136 

 
87.526436 149 110.39838 142.04968 

 
chr9 124837180 124837475 

 
61.268505 32 55.19919 21.725246 

 
chr9 126314286 126314553 

 
30.634253 26 25.09054 41.77932 

 
chr9 126840351 126840619 

 
26.25793 49 10.036216 35.094627 

 
chr9 127315819 127316147 

 
30.634253 69 60.217293 50.13518 

 
chr9 129257639 129257877 

 
8.752644 22 40.144863 31.752281 

 
chr9 129686580 129686973 

 
39.386894 90 75.27162 96.92802 

 
chr9 129713273 129713597 

 
144.41862 156 160.57945 183.829 

 
chr9 129917684 129917969 

 
148.79494 168 140.50702 162.10376 

 
chr9 129952211 129952524 

 
35.010574 30 45.16297 31.752281 

 
chr9 130360484 130361023 

 
109.40804 186 205.74242 192.18486 

 
chr9 130871426 130871724 

 
131.28966 157 170.61566 183.829 

 
chr9 131592447 131592775 

 
35.010574 72 40.144863 61.833393 

 
chr9 131665146 131665470 

 
91.902756 90 100.36216 116.98209 

 
chr9 131681311 131681577 

 
113.78436 102 105.380264 88.57216 

 
chr9 131983915 131984251 

 
43.763218 61 80.28973 63.504562 

 
chr9 132401170 132401456 

 
61.268505 48 75.27162 43.450493 

 
chr9 132402607 132403175 

 
61.268505 135 125.4527 128.6803 

 
chr9 132709340 132709687 

 
13.128965 37 25.09054 28.409937 

 
chr9 132922445 132922796 

 
43.763218 42 45.16297 43.450493 

 
chr9 133045746 133046052 

 
91.902756 90 140.50702 90.243324 

 
chr9 133196458 133196844 

 
231.94505 169 200.72432 165.4461 

 
chr9 133399989 133400322 

 
52.51586 35 25.09054 20.054073 



 
chr9 134664334 134664735 

 
39.386894 71 50.18108 51.806355 

 
chr9 134849978 134850348 

 
100.6554 126 145.52513 113.63975 

 
chr9 134859816 134860142 

 
30.634253 16 70.25351 31.752281 

 
chr9 134864188 134864694 

 
223.19241 178 291.05026 217.25246 

 
chr9 134869294 134869857 

 
100.6554 150 115.41648 158.76141 

 
chr9 135026522 135026951 

 
113.78436 81 120.434586 76.87395 

 
chr9 135376679 135376971 

 
26.25793 45 30.108646 58.491047 

 
chr9 135716018 135716375 

 
65.64483 56 90.32594 55.1487 

 
chr9 135724582 135724937 

 
52.51586 105 80.28973 75.202774 

 
chr9 136348291 136348578 

 
87.526436 98 70.25351 120.32444 

 
chr9 136370078 136370554 

 
297.58987 195 471.70215 274.07233 

 
chr9 136388617 136388906 

 
48.13954 35 55.19919 38.436974 

 
chr9 137983571 137984079 

 
175.05287 195 145.52513 230.62184 

 
chr9 138221898 138222238 

 
52.51586 62 115.41648 63.504562 

 
chr9 138990173 138990517 

 
65.64483 55 180.65189 33.423454 

 
chr9 139255245 139255736 

 
87.526436 39 85.30783 43.450493 

 
chr9 14385750 14386140 

 
135.66597 69 115.41648 43.450493 

 
chr9 14423312 14423568 

 
30.634253 25 35.126755 33.423454 

 
chr9 14917112 14917465 

 
35.010574 61 40.144863 40.108147 

 
chr9 15393262 15393501 

 
21.881609 43 50.18108 53.477528 

 
chr9 15833352 15833637 

 
61.268505 31 80.28973 26.738764 

 
chr9 19077313 19077562 YES 0 6 30.108646 33.423454 

 
chr9 19114011 19114285 

 
65.64483 87 65.235405 145.39203 

 
chr9 19144156 19144463 

 
26.25793 53 40.144863 60.16222 

 
chr9 20372386 20372724 

 
21.881609 36 30.108646 21.725246 

 
chr9 21037366 21037731 

 
35.010574 62 45.16297 50.13518 



 
chr9 21086390 21086810 

 
17.505287 37 15.054323 65.175735 

 
chr9 32544073 32544443 

 
205.68712 148 175.63377 130.35147 

 
chr9 32933136 32933608 

 
70.02115 116 65.235405 173.80197 

 
chr9 33261980 33262243 

 
48.13954 46 30.108646 43.450493 

 
chr9 33321297 33321736 

 
105.03172 117 95.34405 130.35147 

 
chr9 33436010 33436294 

 
35.010574 31 15.054323 35.094627 

 
chr9 34140115 34140544 

 
157.54758 130 85.30783 83.55864 

 
chr9 34141354 34141637 

 
26.25793 39 10.036216 20.054073 

 
chr9 35099239 35099626 

 
96.27908 110 110.39838 147.0632 

 
chr9 35718442 35718750 

 
13.128965 48 40.144863 38.436974 

 
chr9 35803807 35804056 

 
21.881609 31 15.054323 26.738764 

 
chr9 36132590 36132886 

 
21.881609 34 15.054323 23.396418 

 
chr9 37187076 37187462 

 
78.77379 78 55.19919 50.13518 

 
chr9 37669045 37669363 

 
39.386894 69 45.16297 56.819874 

 
chr9 37670042 37670363 

 
105.03172 95 35.126755 70.189255 

 
chr9 37895271 37895591 

 
35.010574 25 70.25351 40.108147 

 
chr9 435045 435325 

 
39.386894 36 25.09054 20.054073 

 
chr9 4753205 4753545 

 
52.51586 71 105.380264 105.28388 

 
chr9 4788436 4788678 

 
17.505287 51 55.19919 31.752281 

 
chr9 4818757 4819002 

 
17.505287 37 45.16297 28.409937 

 
chr9 4852706 4853209 

 
61.268505 131 105.380264 115.31092 

 
chr9 5182083 5182317 

 
30.634253 36 20.072432 8.355864 

 
chr9 5473356 5473611 

 
52.51586 33 35.126755 21.725246 

 
chr9 6747005 6747535 

 
56.89218 54 65.235405 55.1487 

 
chr9 67911852 67912228 

 
30.634253 56 15.054323 30.08111 

 
chr9 6883351 6883760 

 
78.77379 70 70.25351 66.84691 



 
chr9 6886587 6886888 

 
65.64483 99 65.235405 61.833393 

 
chr9 70525527 70525835 

 
13.128965 93 40.144863 106.955055 

 
chr9 70551787 70552232 

 
126.91333 163 75.27162 152.07672 

 
chr9 70787912 70788219 

 
48.13954 67 25.09054 46.792835 

 
chr9 70823455 70823865 

 
52.51586 81 45.16297 125.33795 

 
chr9 70992042 70992367 

 
61.268505 61 45.16297 40.108147 

 
chr9 71020658 71021015 

 
39.386894 90 50.18108 71.86043 

 
chr9 71337052 71337501 

 
56.89218 103 65.235405 86.900986 

 
chr9 71925507 71925859 

 
65.64483 74 20.072432 83.55864 

 
chr9 72289952 72290447 

 
306.34253 184 255.92351 213.91011 

 
chr9 73547085 73547321 

 
35.010574 48 30.108646 28.409937 

 
chr9 74384964 74385297 

 
65.64483 109 30.108646 76.87395 

 
chr9 76856069 76856372 

 
61.268505 71 35.126755 65.175735 

 
chr9 78435652 78436019 

 
61.268505 66 40.144863 30.08111 

 
chr9 78472277 78472512 

 
8.752644 48 25.09054 50.13518 

 
chr9 79791855 79792152 

 
39.386894 33 20.072432 13.369382 

 
chr9 79826531 79826903 

 
83.150116 75 90.32594 51.806355 

 
chr9 85454342 85454709 

 
17.505287 43 15.054323 15.040555 

 
chr9 87932438 87932759 

 
35.010574 40 75.27162 33.423454 

 
chr9 88089894 88090290 

 
135.66597 140 75.27162 138.70734 

 
chr9 88091052 88091385 

 
109.40804 118 85.30783 121.99561 

 
chr9 89323252 89323897 

 
175.05287 172 140.50702 195.5272 

 
chr9 89479278 89479677 

 
35.010574 146 20.072432 170.45963 

 
chr9 89608701 89609061 

 
87.526436 144 85.30783 155.41907 

 
chr9 89615388 89615803 

 
70.02115 134 40.144863 153.7479 

 
chr9 90857340 90857883 

 
91.902756 128 55.19919 111.968575 



 
chr9 91237106 91237356 

 
148.79494 98 95.34405 81.88747 

 
chr9 91411424 91411841 

 
78.77379 64 85.30783 61.833393 

 
chr9 91915161 91915431 

 
26.25793 35 40.144863 8.355864 

 
chr9 93797422 93797791 

 
30.634253 52 40.144863 36.7658 

 
chr9 93847113 93847447 

 
61.268505 50 40.144863 41.77932 

 
chr9 94457133 94457509 

 
61.268505 42 45.16297 48.46401 

 
chr9 99082986 99083257 

 
17.505287 22 90.32594 35.094627 

 
chr9 99305557 99305869 

 
65.64483 105 75.27162 95.25684 

 
chr9 99740133 99740633 

 
131.28966 193 115.41648 228.95067 

 
chr9 99742370 99742781 

 
70.02115 72 60.217293 65.175735 

 
chr9 99745329 99745775 

 
140.0423 169 85.30783 210.56776 

 
chr9 99762999 99763331 

 
70.02115 124 95.34405 123.66679 

 
chrX 100502121 100502469 

 
56.89218 61 110.39838 58.491047 

 
chrX 10087105 10087435 

 
17.505287 38 45.16297 35.094627 

 
chrX 10107011 10107287 

 
61.268505 53 80.28973 58.491047 

 
chrX 102265884 102266118 

 
56.89218 36 35.126755 33.423454 

 
chrX 10510476 10510790 

 
30.634253 33 15.054323 21.725246 

 
chrX 106298223 106298461 

 
30.634253 33 0 16.711727 

 
chrX 106707854 106708185 

 
65.64483 68 60.217293 55.1487 

 
chrX 10748069 10748380 

 
96.27908 73 95.34405 101.941536 

 
chrX 10779945 10780195 

 
52.51586 47 55.19919 33.423454 

 
chrX 108972136 108972378 

 
52.51586 30 15.054323 35.094627 

 
chrX 109308372 109308745 

 
61.268505 110 35.126755 103.61271 

 
chrX 109529884 109530249 

 
52.51586 58 55.19919 40.108147 

 
chrX 109532774 109533092 

 
61.268505 74 75.27162 51.806355 

 
chrX 122746487 122746789 

 
70.02115 82 75.27162 88.57216 



 
chrX 123310631 123310932 

 
74.39747 84 50.18108 81.88747 

 
chrX 123660306 123660629 

 
43.763218 35 30.108646 60.16222 

 
chrX 123725941 123726226 

 
74.39747 57 25.09054 43.450493 

 
chrX 129141278 129141604 

 
35.010574 75 45.16297 98.59919 

 
chrX 129556061 129556353 

 
87.526436 99 65.235405 73.5316 

 
chrX 132360532 132360828 

 
26.25793 16 5.018108 38.436974 

 
chrX 133870976 133871380 

 
61.268505 62 35.126755 56.819874 

 
chrX 134483877 134484205 

 
4.376322 44 25.09054 33.423454 

 
chrX 13575679 13576052 

 
100.6554 90 80.28973 137.03616 

 
chrX 149285036 149285424 

 
70.02115 63 40.144863 63.504562 

 
chrX 150552318 150552676 

 
52.51586 48 55.19919 66.84691 

 
chrX 153680538 153680969 

 
65.64483 81 65.235405 91.9145 

 
chrX 154217185 154217455 

 
48.13954 48 40.144863 30.08111 

 
chrX 16884633 16884947 

 
52.51586 45 25.09054 21.725246 

 
chrX 17000489 17000726 

 
30.634253 35 25.09054 33.423454 

 
chrX 19259904 19260144 

 
52.51586 39 25.09054 25.06759 

 
chrX 23592618 23592853 

 
35.010574 25 60.217293 38.436974 

 
chrX 23815549 23815912 

 
56.89218 58 65.235405 55.1487 

 
chrX 30809892 30810198 

 
21.881609 53 10.036216 43.450493 

 
chrX 37397031 37397355 

 
35.010574 44 30.108646 46.792835 

 
chrX 37424096 37424383 

 
13.128965 43 5.018108 35.094627 

 
chrX 37460910 37461232 

 
21.881609 55 35.126755 60.16222 

 
chrX 38393904 38394244 

 
52.51586 57 45.16297 71.86043 

 
chrX 38397362 38397704 

 
109.40804 149 170.61566 175.47314 

 
chrX 38896559 38896952 

 
61.268505 74 35.126755 46.792835 

 
chrX 39235874 39236256 

 
48.13954 49 25.09054 75.202774 



 
chrX 40010768 40011035 

 
13.128965 34 35.126755 18.3829 

 
chrX 40288573 40288911 

 
126.91333 63 145.52513 51.806355 

 
chrX 40294302 40294616 

 
56.89218 39 70.25351 36.7658 

 
chrX 40828608 40828928 

 
196.93448 31 205.74242 40.108147 

 
chrX 44058470 44058789 

 
39.386894 68 35.126755 66.84691 

 
chrX 48439580 48439875 

 
26.25793 38 15.054323 23.396418 

HS-3.5 GATA1 chrX 48526253 48526572 
 

100.6554 85 165.59756 85.22981 
IE GATA1 promoter chrX 48529179 48529450 

 
74.39747 39 35.126755 43.450493 

HS+14 GATA1 chrX 48543919 48544307 
 

52.51586 45 50.18108 41.77932 

 
chrX 48682792 48683097 

 
52.51586 63 35.126755 55.1487 

 
chrX 48703787 48704105 

 
52.51586 59 40.144863 61.833393 

 
chrX 49342529 49342816 

 
17.505287 35 15.054323 33.423454 

 
chrX 53085164 53085447 

 
65.64483 63 50.18108 43.450493 

 
chrX 54332088 54332652 

 
109.40804 124 115.41648 108.62623 

 
chrX 55058014 55058504 

 
157.54758 135 175.63377 153.7479 

 
chrX 55071234 55071626 

 
105.03172 85 95.34405 121.99561 

 
chrX 55173675 55174102 

 
52.51586 45 15.054323 50.13518 

 
chrX 56323109 56323358 

 
43.763218 47 30.108646 50.13518 

 
chrX 56841216 56841534 

 
61.268505 37 35.126755 38.436974 

 
chrX 70268077 70268475 

 
43.763218 94 55.19919 93.58567 

 
chrX 77080236 77080606 

 
83.150116 60 85.30783 61.833393 

 
chrX 9932023 9932255 

 
17.505287 11 10.036216 31.752281 

 
chrX 9935767 9936047 

 
52.51586 50 70.25351 41.77932 

 
chrX 9973394 9973704 

 
30.634253 39 55.19919 61.833393 

 
chrX 9975260 9975653 

 
65.64483 96 25.09054 93.58567 

 
chrY 11753449 11753725 

 
13.128965 33 5.018108 33.423454 



 
chrY 13045237 13045538 

 
26.25793 44 25.09054 21.725246 

 
chrY 14492684 14493044 

 
56.89218 79 45.16297 110.2974 

 



 

Table S4.  Primer sequences for sequence analysis 
   
Sequence 

amplicon 
Forward Primer Reverse Primer 

Chr12:812 TGGAGCAGACAAATTAGAGGC CGAAAAGCGCCATCTTACTC 

Chr13:4146 CATGCTTCCAAATGGTTCCT CCTTTACTGTGCTTCCCACA 

Chr13:4149 CTGTTTTCCTGTCTTTGCCA AGGTCCCCACATGATTTTG 

Chr15:917 TCCCTTAACCATAGAGTTGGAG AAGCACAGGTCATCTTACGC 

Chr19:193  GGGCGAAAGCACAGGTTGCTG GGGGGACACACGAGGACGGA 

Chr2:119 ACCAGTAACAGAAGGGCTCC TATACCAACCCAGGTGGACA 

Chr7:102 GAGTGTTCCCCACACCCTT ACAAATGTAAACGTCACTAGACCC 

Chr1:118 TGAAGCAGGCAGAGCTCAGAGGA TGGACCAGCAGAGCCAGGACT 

Chr15:963 GCCTGTAAGACTGCAAAGTAAG GGCACATCTTTACCAGACAA 

Chr16:734 CCTGGCTTTCATCTCAACAA AGAGCCGTAGCCTTTGATTC 

Chr2:236 CCTTTACAAACAGCCCAAGG TCACGAGGAAGAACTTTGGAG 

Chr22:227 GCCACTCTGTTCCTCACAG GAAAGCTAAAAGCCCTTCCA 

Chr6:157 GGCCTGGTTAAAATGCACA GCACTCATCGCTCCAGTTAG 

Chr6:642 GCAAAAAGATCCCAGAGGAG TAGGCCATCAGTGGTCAAAG 

 



 

Table S5.  Genotypes of erythroid samples at SNPs surrounding the transcription start of eNME4 (hg18, 

chr16:389326:390017). 

Samples in bold have skewed expression of NME4 in erythroid cells. 
        

Sample	
   rs2071914	
   rs55976144	
   rs14293	
   rs11863625	
   rs62030825	
   rs62030826	
   rs28394836	
  

X18	
   G/G	
   C/C	
   A/G	
   C/T	
   C/G	
   A/G	
   T/C	
  

X19	
   G/G	
   C/C	
   A/G	
   C/T	
   C/G	
   A/G	
   T/C	
  

X20	
   G/G	
   C/C	
   A/G	
   C/T	
   C/G	
   A/G	
   T/C	
  

X21	
   C/G	
   C/C	
   A/G	
   C/T	
   G/G	
   A/A	
   T/C	
  

X24	
   C/G	
   C/C	
   A/G	
   C/T	
   G/G	
   A/A	
   T/C	
  
X35	
   C/G	
   C/C	
   A/G	
   C/T	
   G/G	
   A/A	
   T/C	
  

X36	
   C/G	
   C/C	
   A/G	
   C/T	
   G/G	
   A/A	
   T/C	
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