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ABSTRACT

Transcription regulation and candidate diagnostic markers of esophageal

cancer

PhD thesis, South African National Bioinformatics Institute, Faculty of Natural

Sciences, University of the Western Cape

Esophageal cancer (EC) ranks among the ten most frequent cancers worldwide.
Mortality rates associated with EC are very similar to the incidence rates due to the
relatively late stage of diagnosis and the poor efficacy of treatment. The aim of this
study was to enhance our insights of putative transcriptional circuitry of EC genes,
thereby potentially positively impacting our knowledge of therapeutic targets,
providing indications as to more appropriate lines of treatment, and additionally
allowing for the determination of putative candidate diagnostic markers for the

early stage detection of EC.

This thesis reports on the development of a novel comprehensive database (Dragon
Database of Genes Implicated in Esophageal Cancer, DDEC) as an integrated
knowledge database aimed at representing a gateway to esophageal cancer related
data. More importantly, it illustrates how the biocurated genes in the database may
represent a reliable starting point for divulging transcriptional regulation, diagnostic

markers and the biology related to esophageal cancer.
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DDEC contains known and novel information for 529 differentially expressed EC
genes compiled using scientific publications from PubMed and is freely accessible

for academic and non-profit users at http://apps.sanbi.ac.za/ddec/. The novel

information provided to users of the DDEC is the lists of putative transcription
factors that potentially control the 529 manually curated genes. The value of the
information accessible through the database was further refined by providing
precompiled text-mined and data-mined reports about each of these genes to allow
for easy exploration of information about associations of EC-implicated genes with
other human genes and proteins, metabolites and enzymes, toxins, chemicals with
pharmacological effects, disease concepts and human anatomy. This feature has the
capacity to display potential associations that are rarely reported and thus difficult
to identify, and it enables the inspection of potentially new ‘association hypotheses’

generated based on the precompiled reports.

This study further illustrates how the biocurated esophageal squamous cell
carcinoma (ESCC) genes in the database may represent a reliable starting point for
exploring beyond current knowledge of the transcriptional circuitry of estrogen
related hormone therapy. The genes were used to develop a method that identified
44 combinations of transcription factors (TFs) that characterize the promoter
sequence of estrogen responsive genes implicated in ESCC. These significantly
over-represented combinations of TFs were then used to increase confidence in the
47 novel putative estrogen response genes that may be related to ESCC too.
Coincidently, two of the novel putative estrogen response genes were verified by

current (2009), experimental publications.
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The biocurated ESCC genes in the database were additionally used to expand on
the current knowledge of the transcriptional circuitry of ESCC. The significantly
over-represented transcription factors binding sites (TFBSs) were associated with
the TFs that potentially bind at these sites. Since the TFs are known to regulate the
gene expression, TFs were ranked and the top 10% of most regulating TFs;
including, paired box 5 (PAXS), transcription factor AP-2 alpha (activating
enhancer binding protein 2 alpha) (TFAP2A), Zic family member 2 (odd-paired
homolog, Drosophila) (ZIC2), cAMP responsive element binding protein 1
(CREB1), E2F transcription factor 1 (E2F1), transcription factor AP-2 gamma
(activating enhancer binding protein 2 gamma) (TFAP2C), transcription factor Dp-
1 (TFDP1), E2F transcription factor 3 (E2F3) and E2F transcription factor 4,
pl07/p130-binding (E2F4), were identified as the putative master regulators for
ESCC. Additionally, the TFBSs that bind these master regulators were assessed for
overlapping single nucleotide polymorphisms (SNPs) that may account for the
deregulated expression of the genes under the control of these master regulators.
Moreover, SNPs overlapping these TFBSs increase probability that such an altered

TFBS and/or the associated TFs may be candidate biomarkers for ESCC.

This research establishes the value of the developed DDEC database to the EC
research community and reports on combinations of TFs and estrogen responsive
genes that possibly play a role in the underlying mechanisms of gene expression
affected by estrogen treatment. Additionally, the method developed for determining
the combination of TFs that characterize the hormone responsive genes could be
applicable to other hormone responsive cancers. Also, the identification of the

ESCC master regulators as candidate diagnostic markers, may enhance our
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knowledge of the transcriptional circuitry that may positively impact our
knowledge of therapeutic targets and side-effects associated with the implemented

therapy, and should provide indications as to the most appropriate line of treatment.

April 2009
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CHAPTER 1

GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1 GENERAL INTRODUCTION

Reproduction, the source of new unique organisms, starts with the fusing of the
ovum with the sperm cell to form a single cell called a zygote. This zygote
undergoes a series of mitotic cell divisions. During the life cycle of these cells they
adapt to their environment to perform a particular function, thereby developing into
tissue, organs and biological systems that comprise the multi-cellular organisms.
This life cycle that incorporates decision steps like replication and differentiation
solicit the questions: Where does this instruction come from and how is it

translated?

The control architecture of the cell is the hereditary information encoded in DNA. It
is exerted through the selective production of RNA via a process called
transcription. Different tissues and cells express distinct transcriptional profiles.
Thus, the life of a cell is embodied in the transcriptional network. The
transcriptional process necessitates the binding of specific proteins, called
transcriptions factors (TFs), to the promoter sequence to drive gene expression.
These TFs bind to short specific DNA sequences called transcription factor binding
sites (TFBSs). The combination of TFs that bind the TFBSs and their co-factors
determine whether or not gene expression will be activated or inhibited. These

transcriptional regulatory processes must be rigidly controlled throughout



development to maintain normal cellular processing. Many diseases arise as a
consequence of errors occurring in the cellular regulatory system or errors being
introduced into the genome as mutations causing cellular behavior to deviate from
the norm. Identifying the transcriptional network should provide further insights
into partially understood cellular and molecular functioning that characterizes a

disease.

1.2 BACKGROUND OF ESOPHAGEAL CANCER

Esophageal cancer (EC) is a malignancy of the esophagus (see Figure 1.1). EC is
comprised of heterogeneous groups of tumors that differ in pathogenesis and
etiological and pathological features. The most recurrent histological subtype is
esophageal squamous cell carcinoma (ESCC), followed by adenocarcinoma (ADC)
(7). ESCC and ADC rank among the ten most frequent cancers worldwide with
incidence of EC and histological subtype varying among regions (2,3). Mortality
rates associated with EC is very similar to incidence rates due to the relatively late
stage of diagnosis and the poor efficacy of treatment [3]. The poor prognosis of EC

effect a five year survival rate of 5-20% (4).

The poor prognosis of EC patients could be an indirect consequence of our limited
knowledge of the transcriptional circuitry related to EC. Enhancing our insights of
the functioning of the transcriptional circuitry could potentially positively impact
our knowledge of therapeutic targets and side-effects associated with the
implemented therapy, and should provide indications as to the most appropriate line

of treatment, and additionally allow for the determination of suitable master



regulators as putative candidate diagnostic markers for the early stage detection of
EC. This review and subsequent analyses focuses on the molecular biology of

ESCC.

Esophagus—

Cancer

Figure 1.1: Diagram depicting the location of the esophagus and the physical changes
associated with ESCC. A) Endoscopic view of proximal esophagus showing normal
vascular pattern and distal narrowing (5). B) Endoscopic view of ESCC revealing a large

tumor.



1.3 ETIOPATHOGENESIS

Epidemiological studies in ESCC have identified tobacco and alcohol as the major
risk factors in Europe and North America, but not in the high-risk areas in China
and Iran, where dietary habits has been reported to be most relevant. These factors
render the esophageal epithelia more susceptible to injury by carcinogens and

viruses (6-9).

1.3.1 GENES SUSCEPTIBLE TO CHEMICALS

Genetic polymorphisms have been detected in the genes of enzymes involved in the
metabolism of carcinogens that have been shown to influence susceptibility to
cancer. These include xenobiotic metabolism enzymes in the cytochrome P450
(CYP) family which, may in some cases, be responsible for the bioactivation of
carcinogens rather than their detoxification (as in the case with the fungal toxin,
Aflatoxin B1 — implicated in EC) , glutathione S-transferases (GSTs) that detoxify
carcinogens, alcohol dehydrogenases (ALDs) and aldehyde dehydrogenases

(ADHs) that are alcohol metabolizing enzymes.

A study in Japan found that heavy smokers that carry specific polymorphisms of
the cytochrome P450, family 1, subfamily A, polypeptide 1 (CYPIAI) and
glutathione S-transferase mu 1 (GSTM1) genes are associated with high risk for
ESCC (10). Contrastingly, (//) and (/2) have found that polymorphisms of the
CYPIAI, cytochrome P450, family 2, subfamily E, polypeptide 1 (CYP2EI) and
GSTM1 genes are not associated with high risk for ESCC. However, they have
found polymorphisms of the alcohol dehydrogenase 1B (class I), beta polypeptide

5



(ADH1B) and aldehyde dehydrogenase 2 family (ALDH?2) genes are associated with
high risk for ESCC.

A similar study in China found that the polymorphism of the CYPE2I gene is
associated with high risk for ESCC but no risk-associated polymorphisms of the
GSTM1, glutathione S-transferase theta 1 (GSTT1) and glutathione S-transferase pi
1 (GSTPI) genes were found (/3). Heavy alcohol consumption and polymorphisms
of the CYP2EI, ADHIB and ALDH?2 genes were also identified as important risk
factors for ESCC (/4).

A recent study in Taiwan found that heavy smokers and alcohol consumers
who carry polymorphisms of the ADHIB and ALDH?2 genes are associated with

high risk for the development of ESCC (15).

1.3.2 HUMAN PAPILLOMAVIRUS (HPV) AND EPSTEIN-BARR VIRUS (EBV)

HPYV is a papillomavirus that infects the skin and mucous membrane of humans.
HPV has been detected in ESCC samples from high risk areas such as Portugal
(16), Japan (I7), China (/8), India (/9), Pakistan (20), South Africa (217), Alaska
(22) and Australia (23); but has been detected at low frequency in areas such as
France (24), Slovenia (25), Korea (26), North America (27), and Netherlands (26).
A study by Lam concludes that the overall viral prevalence (22%) suggests that
other risk factors may play a role and furthermore that HPV may have a synergistic

effect with these in the pathogenesis of ESCC (29).

EBV, also called Human herpesvirus 4 (HHV4), is a virus of the herpes family

(which include the herpes simplex virus, and is one of the most common viruses in



humans, initially thought to play a role in ESCC but was later discounted. The EBV
was detected at low prevalence in ESCC samples in the United States of America
(30) and Pakistan (20) with an overall prevalence of 7-8%. A study in the high risk
area of Japan reports that EBV was only detected in the undifferentiated carcinoma
rather than ESCC (3/). A similar study in Hong Kong detected EBV in
lymphocytes in the stroma of ESCC but not in the tumor cells. Thus, EBV detected
in the tissue from ESCC may likely have been from the stromal lymphocytes

indicating that EBV is not important in the pathogenesis of ESCC (32).

1.4 GENES DIFFERENTIALLY EXPRESSED IN EC

1.4.1 ONCOGENES

1.4.1.1 GROWTH FACTORS AND GROWTH FACTOR RECEPTORS

Growth factor proteins are capable of stimulating cellular growth, proliferation and
cellular differentiation. Growth factors such as cytokines and hormones typically
act as signaling molecules between cells, as they bind to specific receptors on the

surface of their target cells.

Other growth factors promote cell differentiation and maturation. There is a wide
variety of these growth factors as their presence depends on the type of cell
differentiation. For example, bone morphogenic proteins stimulate bone cell
differentiation (33), while fibroblast growth factors and vascular endothelial growth

factors stimulate blood vessel differentiation (34).



Numerous growth factors have been demonstrated to be differentially expressed in
ESCC including; epidermal growth factor (EGF) (35), transforming growth factor
alpha(TGFA) (36), epidermal growth factor receptor (EGFR) (37), platelet-derived
growth factor (PDGF) A and B chain (38), platelet-derived growth factor receptor,
beta polypeptide (PDGFRB) (39), transforming growth factor, beta 1 (TGFB1) (40),
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma
derived oncogene homolog (avian) (ERBB2) (4/) and estrogen receptor (ER) (42).
Yoshida et al., demonstrated an increase in accumulation of TGFA, PDGFA,
PDGFB and ERBB2 mRNA after treatment with EGF; and an increase in
accumulation of EGF, TGFA, EGFR, PDGF A and B chain and the ERBB2 mRNA
after treatment with TGFA (39). ERBB2 expression is not commonly found in
ESCC but has been identified focally in well-differentiated tumour cells, dysplastic
epithelium and non-tumour inflamed epithelium. ERBB2 may thus participate at
the early stages in the carcinogenesis of ESCC (43). Also, EGFR activation is
crucial for the regulation of expression of bone morphogenetic protein 6 (BMP6).
BMP6 in involved in the early steps of keratinogenesis (44,45). Over-expression of
EGFR was associated with minimal response to chemoradiotherapy and thus may
be considered a prognostic marker in ESCC (46). Furthermore, EGF and TGFA
exhibits a regulatory role on the multi-growth-factor receptor expression and may
thus be key regulators for tumor invasion and metastasis as autocrine modulators

for human esophageal carcinoma (39).

1.4.1.2 SIGNAL TRANDUCERS
Signal transduction is the process by which signals external to the cell are
transduced to the cell interior, generally through the use of membrane-bound
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receptors and cell signaling pathways (47). Proteins involved in this process are
known as signal transducers. Some signal transducers reported to be differentially
expressed in ESCC are; cyclin-dependent kinase inhibitor 1A (p21, Cipl)
(CDKNI1A) (48), signal transducer and activator of transcription 3 (acute-phase
response factor) (STAT3) (49), epithelial cell adhesion molecule (EPCAM) (50),
and tumor-associated calcium signal transducer 2 (TACSTD2) (57). CDKNIA is
mutated in numerous cancer types but no mutation has been detected in ESCC (52),
even though CDKNIA is over-expressed alongside gene products, secreted
phosphoprotein 1 (SPP1) and cathepsin L1 (CTSL1), which it is documented to
suppress. Increases in the SPP1 and CTSL1 gene products have been associated
with tumor invasion and metastasis in ESCC. Casson and colleagues proved that
the increases in these gene products are not a consequence of infiltrating
macrophages (53).

STAT3 and its target gene products vascular endothelial growth factor A
(VEGF) and B-cell CLL/lymphoma 2 (BCL2) were found to be over-expressed in
ESCC (49) and is activated through phosphorylation in response to various
cytokines and growth factors including EGF (49), interleukin 6 (interferon, beta 2)
(IL6) (49), hepatocyte growth factor (hepapoietin A; scatter factor) (HGF) (54)
and leukemia inhibitory factor (cholinergic differentiation factor) (LIF) (595).
STATS3 is reported to regulate numerous genes as a transcription factor, but has also
been reported to mediate epithelial-mesenchymal transition (EMT) in ovarian
cancer cell lines. In this process STAT3 is directly activated by EGFR and
interleukin 6 receptor (IL6R), and STAT3 induces cadherin 2, type 1, N-cadherin

(neuronal) (CDH2) and vimentin (VIM) expression and IL6 production (56). These



genes (CDH2, VIM and IL6) have been also demonstrated to be differentially
expressed in ESCC.

EPCAM modulates cell adhesion with its over-expression correlating with
tumor cell proliferation. This proliferative responses to EpCAM has been
demonstrated to require regulated intramembrane proteolysis and a

nucleocytoplasmic intracellular domain fragment (57).

1.4.1.3 TRANSCRIPTION FACTORS

A transcription factor (TF) is a protein that contains one or more DNA binding
domains (DBDs) that binds to specific DNA sequences, thereby either activating or
repressing the recruitment of RNA polymerase (the enzyme which performs the
transcription of genetic information from DNA to RNA) to specific genes (58-60).
Additional proteins such as co-activators, chromatin remodelers, histone acetylases,
histone deacetylases, kinases and methylases, also play a crucial role in gene
regulation, but most lack DNA binding domains, and therefore are not classified as
TFs (61). Numerous TFs have been documented in the literature. The v-myc
myelocytomatosis viral oncogene homolog (avian) (MYC) and transcription factor
4 (TCF4) have specifically been demonstrated to function as TFs in ESCC.

The MYC protein is a multifunctional, nuclear phosphoprotein that plays a
role in cell cycle progression, apoptosis and cellular transformation and functions as
a transcription factor that regulates transcription of specific target genes such as lin-
28 homolog B (LIN28B) (62), cyclin-dependent kinase inhibitor 1B (p27, Kipl)
(CDKNIB) (63) and bromodomain containing 7 (BRD7) (64). Pituitary tumor-
transforming 1 (PTTG) was reported to be over-expressed in the ESCC cell line,
EC9706, and increases in vitro cell migration and invasion and promoted in vivo

10



lymph node metastasis. PTTG induced S100 calcium binding protein A4 (S100A4)
and lectin, galactoside-binding, soluble, 1 (LGALS1) expression and MYC was
confirmed to bind the LGALSI promoter in this process (65). However, over-
expression of the MYC oncogene gene, as well as gene alteration of the MYC locus,
appears to be limited, and analysis of the MYC gene yielded limited prognostic
value in ESCC (66).

TCF4 has been found to participate in EMT. The most common biochemical
change associated with EMT is the loss of cadherin 1, type 1, E-cadherin
(epithelial) (CDH1) expression. CDHI1 is the membrane substrate for catenin
(cadherin-associated protein), beta 1, 88kDa (CTNNBI1). Thus, CDHI
transcriptional repressors such as snail homolog 1 (Drosophila) (SNAI1), snail
homolog 2 (Drosophila) (SNAI2), zinc finger E-box binding homeobox 1 (ZEB1),
zinc finger E-box binding homeobox 2 (ZEB2), transcription factor 3 (E2A
immunoglobulin enhancer binding factors E12/E47) (TCF3) and twist homolog 1
(Drosophila) (TWIST1) have been implicated in promoting EMT in tumor
progression (67,68). TGFB1 or TGFB2 stimulates this signaling mechanism by
increasing expression of SNAI1 and SNAI2. SNAIl and SNAI2 promote formation
of CTNNBI1-TCF4 transcription complexes that bind to the promoter of the TGFf3
gene to increase its transcription. TGFB3 signaling increases lymphoid enhancer-
binding factor 1 (LEF1) expression causing formation of CTNNBI-LEF1
complexes that initiate EMT (69). TCF4 in human Pitt-Hopkins syndrome patients
was associated with aberrant expression profile and impaired IFN response of the
plasmacytoid dendritic cells (PDC). It has been shown to directly activate multiple
PDC-enriched genes, including transcription factors involved in PDC development

(Spi-B transcription factor (Spi-1/PU.1 related) (SPIB), interferon regulatory factor
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8 (IRF8)) and function (interferon regulatory factor 7 (IRF7)) (70). TCF4 has also

been reported to bind the promoter of the STAT3 gene expressed in ESCC (71).

1.4.2 TUMOUR SUPRESSOR GENES

A tumor suppressor gene inhibits the cell from becoming cancerous. When a
mutation in a tumor suppressor gene causes a loss or reduction in its function, the
cell can progress to cancer, usually in combination with other genetic changes.
Tumor suppressor genes generally follow the ‘two-hit hypothesis’ which implies
that both alleles that code for a particular gene must be affected before an effect is
manifested i.e. mutant tumor suppressor genes are usually recessive (72). The
functions of proteins of tumor suppressor genes fall into several categories
including the following: 1) Repression of genes essential for the continuing of the
cell cycle, 2) Coupling the cell cycle to DNA damage so that the cell cycle can only
continue if the DNA repair mechanism has been successful in the event of DNA
damage, 3) If the DNA damage cannot be repaired, these tumor suppressor proteins
initiate programmed cell death (apoptosis) to prevent aberrant cell growth, and 4)
Other proteins involved in cell adhesion prevent tumor cells from dispersing,

promote contact inhibition and inhibit metastasis (metastasis suppressors) (73-75).

Numerous tumor suppressor genes have been reported to be differentially expressed
in ESCC including; adenomatous polyposis coli (APC) (76), cyclin-dependent
kinase inhibitor 2A (melanoma, pl6, inhibits CDK4) (CDKN2A4) (77), tumor
protein p53 (TP53) (78), CDKNIA (48), CDKNIB (79), SMAD family member 4

(SMAD4) (80), phosphatase and tensin homolog (PTEN) (81), Retinoblastoma 1
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(RBI) (82), von Hippel-Lindau tumor suppressor (VHL) (83) and Wilms tumor
L(WTI) (84).

The protein transcribed from the APC gene plays a critical role in several
cellular processes that determine whether a cell may develop into a tumor by
associating with other proteins involved in cell attachment and signaling. As an
example, APC regulates CTNNBI thereby preventing genes that stimulate cell
division from being turned on too often and prevents cell overgrowth. The APC
protein accomplishes this by complexing with glycogen synthase kinase 3 beta
(GSK3B) and axin 1 (AXIN1) and then binds CTNNBI1 (85). Keratin 1 (KRT1)
then phosphorylates CTNNB1 with ensuing phosphorylation by GSK3B. This
targets CTNNBI1 for ubuiquitination and degradation by cellular proteosomes
thereby preventing it from translocating into the nucleus, where it acts as a
transcription factor for proliferation genes (§6). Mutated APC has been associated
with different cancer types (87,88). APC markers (D5S210, D5S346, D5S299, and
D5S82) were tested in ESCC and showed an overall high frequency of allelic
imbalance/loss of heterozygosity (62.48%) and microsatellite instability (41.27%),
but did not show prognostic significance in the study cohort and were not correlated
with the immunohistochemical data (89).

CDKN24 and CDKN2B genetic mutations have been detected in ESCC (90).
CDKN2A and CDKN2B bind to cyclin-dependent kinase 4 (CDK4) and cyclin-
dependent kinase 6 (CDKO6) respectively to prevent entry into the S-phase of the
cell cycle (91;92). CDKN2B mutations are more often associated with
hematopoietic malignancies and gliomas while CDKN2A4 mutations are more often
detected in epithelial derived tumors. The CDKN2A4 gene generates various

transcripts that functions as inhibitors of CDK4 kinase and as a stabilizer of tumor
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suppressor proteins. CDKN2A functions as a stabilizer of the TP53 as it binds to
this protein and sequester the Mdm2 p53 binding protein homolog (mouse)
(MDM2) to degrade it (93). TP53 is a cell cycle regulator that functions via anti-
cancer mechanisms including; 1) inducing growth arrest by holding the cell cycle
at the G,/S regulatory check point on DNA damage recognition, 2) activating DNA
repair proteins, and 3) initiating apoptosis if DNA damage is irreparable. MYST
histone acetyltransferase (monocytic leukemia) 3 (MYST3) complexes with TP53
and activates the expression of several genes that includes CDKNIA. The
CDKNI1A protein forms a complex with CDK2 to stall cell division at the check
point. Thus, if a mutation in 7P53 prevents it from expressing the CDKNIA
protein, this protein will not be available to act as the 'stop signal' for cell division.
Thus the cell will divide uncontrollably, and form a tumor (94). Inherited 7P53
mutations have been documented as leading to the onset of Li-Fraumeni syndrome
(95). Numerous cancers have been associated with a mutation or deletion of the
TP53 gene (96-98). TP53 mutations have been reported in ESCC and frequency of
mutations appears to be higher in high incidence areas (99-/02). The mutations
identified are primarily point mutations with G—T transversions that have been
associated with chemical carcinogens such as cigarette smoke and aflatoxins (700).
It has also been reported that patients with 7P53 mutations have a shorter survival
(103).

RBI1 prevents the cell from replicating damaged DNA by preventing its
progression along the cell cycle through G1 into S phase (9/). RB1 binds and
inhibits TFs of the E2F family, which are composed of dimers of an E2F protein
and a DP protein, as these complexes promote the cell cycle into S phase (/04-106).

The RB1-E2F/DP complex also attracts a histone deacetylase (HDAC) protein to
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the chromatin, further suppressing DNA synthesis. When it is time for a cell to
enter S phase, complexes of RB1 are phosphorylated by cyclin DI
(CCND1)/CDK4/CDK6 and subsequently phosphorylated by CDKNI1B/CDK2
thereby allowing E2F-DP to dissociate from RB1. RB1 remains phosphorylated
throughout S, G2 and M phases (91,104). Mutations in RBI were found in 33% -
50% of cases with ESCC and CCNDI over-expression was associated with

expression of RB1, and CDKN2A was associated with loss of RB1 (107-110).

1.4.3 METASTASIS GENES

Metastasis is the process by which cancer cells leave the original tumor site and
migrate through the body via the bloodstream or the lymphatic system. When oral
cancers metastasize, they commonly travel through the lymph system to the lymph
nodes in the neck. The body resists the metastasis process by an array of
mechanisms actioned by metastasis suppressor proteins (74).

Metastasis associated 1 (MTAL1) protein was identified in a screen for genes
expressed in metastatic adenocarcinoma cell lines (//7). MTAI1 plays a role in
promoting cancer cell invasion, adhesion and movement and have been found to be
up-regulated in numerous cancer types (//2-114). MTA1 expression increased in
the nucleus with the development of esophageal squamous cell carcinoma from
normal epithelial cell, dysplasia, to invasive cancer (/15).

The non-metastatic cells 1, protein (NM23A) expressed in (NMEI) is a
metastasis suppressor gene that is down-regulated in highly metastatic cells (/76).
Mutations in this NMEI gene have been identified in aggressive neuroblastomas
(117). Furthermore, loss of NMEI expression was detected in ESCC and

corresponds to a reduction in the overall survival rate (/18).
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1.4.4 APOPTOSIS GENES

Apoptosis is a tightly regulated cell death program which requires the interplay of a
multitude of genes, as opposed to chaotic, unstructured cell death coined necrosis
(119). The components of the apoptotic signaling network are genetically encoded
in a nucleated cell equipped to be activated by a death-inducing stimulus (/20;121).
In mammalian pathways it is known that the B cell leukaemia-2 (Bcl-2) family of
proteins plays a central role in the decision step of apoptosis whereas the cysteine
aspartic-specific proteases (caspase) family is essential in the execution of cell
death (7/22;123). Furthermore, apoptosis is regulated by inhibitors of apoptosis
(IAPs) (124,125) and heat shock proteins (HSPs) (/26,127). Numerous apoptosis
genes have been reported to be differentially expressed in ESCC including; B-cell
CLL/lymphoma 2 (BCL2) (128), BCL2-like 1 (BCL2L1) (129), baculoviral IAP
repeat-containing 5 (BIRCS5) (130), heat shock protein 90kDa beta (Grp94),
member 1 (HSP90B1) (130), heat shock 70kDa protein 4 (HSPA4) (131), heat
shock 27kDa protein 1 (HSPB1) (132).

The BCL2 family direct mitochondrial outer membrane permeabilization and
can be either pro-apoptotic (BCL2-associated X protein (BAX)) or anti-apoptotic
(BCL2, BCL2L1) (133). As an example, if DNA damage is irreparable TP53
initiates the expression of the BAX gene (/34). This excess of BAX gives rise to the
BAX/BAX complexes (proapoptotic complex) that replace the BCL2/BAX
complexes (anti-apoptotic complex) as the two complexes compete for the same
receptor site on the mitochondrial membrane (/35). The attachment of the
BAX/BAX complex to the mitochondrial membrane brings forth the release of the

apoptogenic factors (134,136).
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HSPs including HSP90B1, HSPA4 and HSPBI, function as regulators of
apoptosis. FAS (TNF receptor superfamily, member 6) (FAS) induced apoptosis
typically involves ligation with the adaptor molecule FAS (TNFRSF6)-associated
via death domain (FADD) or alternatively death-domain associated protein
(DAXX). Activated DAXX leads to activation of the mitogen-activated protein
kinase kinase kinase 5 (MAP3KJ5) to induce apoptosis via the MAPK/INK pathway
(137;138). HSPBI1 appear to suppress FAS-inducd apoptosis by binding to DAXX
(1/39). HSPB1 and HSPA4 suppresses caspase-dependent apoptotic signaling by
binding to pro-caspase-3 and pro-caspase-7 and preventing their activation in U-
937 cells. HSPA4 was however, unable to directly bind to activated caspase-3 and -
7 (140,141). Interestingly, the small Hsp crystallin, alpha B (CRY AB) can suppress
caspase-8 and cytochrome ¢ mediated activation of caspase-3 via a direct
interaction with caspase-3 to prevent apoptosis (/42). HSPBI is also reported to
mediate BH3 interacting domain death agonist (Bid) translocation to the
mitochondria in response to TNF-induced apoptosis (/43,144). In addition, HSPA4
and its co-chaperones Dnal (Hsp40) homolog, subfamily B, member 1 (DNAJB1)
or DnalJ (Hsp40) homolog, subfamily A, member 1 (DNAJA1) inhibit BAX
translocation to the mitochondria to prevent nitric-oxide induced apoptosis (/45).
Most apoptotic pathways converge at the point of cytochrome ¢ release from the
mitochondria. Cytochrome ¢ disrupts the binding between BCL2 and apoptotic
peptidase activating factor 1 (APAF1). APAF1/caspase-9 complexes from active
caspase-9 that together with cytochrome ¢ form the apoptosome (/46,147). HSPA4
also inhibits apoptosome formation by directly associating with APAF1 to prevent

activation of pro-caspase-9 (/48,149). Furthermore, it has been demonstrated that
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HSP90B1 and HSPBI1 prevent APAF1 oligomerization by directly associating with

APAF1 (150) and cytochrome c, respectively (/51).

1.3.5 KERATINS

Keratins are a family of filament forming cytoskeletal proteins. Keratinization, an
intracellular accumulation of cytokeratin, is a common feature of esophageal
squamous-cell carcinoma (/52). Their expression in ESCC has been demonstrated
to be different when compared to normal esophageal epithelia and varies with
differentiation. Lam and co-workers found that keratin 10 (KRT10), keratin 13
(KRT13), keratin 18 (KRT18) and keratin 19 (KRT19) expression levels are up-
regulated in ESCC (/53). The KRT19 appears to be a potential diagnostic marker

as it correlates with tumor size, stage and responsiveness to treatment (/54).

1.5 CURRENT TRENDS IN ESOPHAGEAL CANCER RESEARCH

For decades scientists have been investigating single genes, their functions and
roles. However, modern technology enables the large scale study of genomics and
proteomics, fundamentally changing our ability to study the molecular basis of cells
and tissues in health and diseases through giving a new comprehensive view. The
PubMed database was queried with keyword expression: “(ESCC OR esophageal

b

squamous cell carcinoma) AND *array” restricted to the last five years on
31/01/2009 and 91 entries were retrieved. The 91 entries include 66 DNA
microarray studies but no ChIP-on-chip studies. The lack of comprehensive
transcription factor investigations such as ChIP-on-chip and the limited studies

focused on TFs that regulate the expression of ESCC, emphasises the importance of

the current study.
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1.6 STUDY AIMS AND OBJECTIVES

The recent growth of information from new fields of molecular biology including
genomics, proteomics, metabolics and high throughput microarray technologies,
has given rise to an additional discipline called bioinformatics. Bioinformatics aims
to classify, organise, integrate and analyze biological information on a large-scale
(155). In this research project I will utilize existing bioinformatics tools to achieve
the overall objective of my project. The aim of my PhD research project is to
uncover the transcriptional regulation and identify putative diagnostic markers
associated with EC. The findings of this research may provide the scientific
community with directions where research should be focused with respect to
therapeutic targets, appropriate line of treatment, and allow for the determination of
suitable master regulators as putative candidate diagnostic markers for the early

stage detection of EC.

The aim of the proposed study is increase insight into the transcriptional circuitry
that characterizes ESCC by: 1) The development of an esophageal cancer database
(DDEC) that allows for the easy exploration of EC-related information. 2) Using
data housed in DDEC to identify TFBS combinations that characterise estrogen
responsive ESCC genes. 3) To identify putative master regulators for ESCC and
search for single nucleotide polymorphisms (SNPs) within the associated TFBSs
that is presumed to underlie the differences in human traits and disease
susceptibility. Presence of a SNP within an over-represented TFBS increases the

likelihood of a good candidate biomarker for ESCC.
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CHAPTER 2

DATA INTEGRATION FOR THE DEVELOPMENT OF A SPECIALIZED
DATABASE ON ESOPHAGEAL CANCER

2.1 ABSTRACT

Efforts made by the scientific community to improve the survival rate of
esophageal cancer have resulted in a wealth of scattered information that is difficult
to find and not easily amendable to data-mining. To reduce this gap and to
complement available cancer-related bioinformatic resources, a comprehensive
database (Dragon Database of Genes Implicated in Esophageal Cancer) with EC
related information was developed, as an integrated knowledge database aimed at

representing a gateway to EC related data.

Manually curated 529 genes which are differentially expressed in EC are contained
in the database. The promoter regions of these genes were extracted and analyzed,
thereby complementing the gene-related information with transcription factors that
potentially control them. Additionally, text-mined and data-mined reports about
each of these genes were precompiled to allow for the easy exploration of
information about associations of EC-implicated genes with other human genes and
proteins, metabolites and enzymes, toxins, chemicals with pharmacological effects,
disease concepts and human anatomy. The resulting database, DDEC, has a useful
feature to display potential associations that are rarely reported and thus difficult to
identify. Moreover, DDEC enables inspection of potentially new ‘association

hypotheses’ generated based on the precompiled reports.
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DDEC is freely accessible for academic and non-profit users at

http://apps.sanbi.ac.za/ddec/. The semi-automated methodology used to populate

DDEC genes and related data will be used to update the database twice a year.

DDEC has further been recently published in BMC Cancer.

2.2 INTRODUCTION

The scientific research process is hampered by the wealth of scattered research
data. Researchers need to sieve through this scattered research data to identify
relevant research findings. However, this affects the research process negatively as
the compiling of the relevant information is tedious and time consuming (/55). In
an attempt to enhance research endeavors related to EC, the DDEC has been
developed as an integrated knowledge database that contains information about

various genes differentially expressed in EC.

It should be noted that there are two initiatives aimed at coordinating activities in
producing resources related to cancer research, such as the International Cancer
Genome Consortium - ICGC (http://www.icgc.org/) and caBIG (cancer Biomedical
Informatics Grid™, http://cabig.cancer.gov/). These two initiatives intend to
promote specific data formats and other conditions that will enable easier
integration of cancer-related resources. There are cancer-related databases that
include information on EC, such as Cancer Gene Expression Database (CGED)
(156), PDQ (157) and Oncomine (/58). CGED houses a collection of gene
expression and clinical data from a large number of patients with major cancers
including EC. CGED expression data have been obtained by adaptor-tagged
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competitive PCR (ATAC-PCR) and allows researchers to explore the correlation
between gene expression and clinical data for future diagnostic application (/56).
PDQ is the National Cancer Institute’s (NCI) cancer database that includes peer-
reviewed summaries on cancer treatment, screening, prevention, genetics, and
complementary and alternative medicine (/57). The Oncomine initiative collects
and analyzes all published cancer microarray data and currently houses EC-related

microarray data (/58).

However, none of the current public databases focuses on genes implicated in EC
and their potential associations with other relevant biological, biochemical and
medical entities. Moreover, DDEC provides a combination of features for
exploration of information related to EC-implicated genes that cannot be found
elsewhere, such as filtering for putative transcription factors shared amongst
promoters of EC-implicated genes, inference of association networks and
precompiled reports that provide insights into other human genes and proteins,
metabolites and enzymes, toxins, chemicals with pharmacological effects, disease
concepts and human anatomy associated with differentially expressed EC-
implicated genes. It also enables finding rare information that will be likely missed
in the common literature search. As a special feature, DDEC provides a module for
generation of ‘association hypotheses’ between concepts related to EC-implicated
genes. Batch queries and a database dump are also provided. DDEC represents a
useful complement to the existing databases and will contribute to more efficient
EC-related research. DDEC is freely accessible for academic and non-profit users at

http://apps.sanbi.ac.za/ddec/. The semi-automated methodology used to populate

DDEC genes and related data will be used to update the database twice a year.
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2.3 CONSTRUCTION AND CONTENT

The DDEC is based on a three-tier (layer) (data, logic and presentation) architecture

(see Figure 2.1). The presentation layer is web-based and implemented in DHTML

and Javascript. The logic layer has been implemented as a number of server side

PHP and Perl modules interfaced with the data layer. The data layer is MySQL, and

for the text-mining purposes, file system based. The relational database design

strictly distinguishes between tables that contain data entities and tables that
establish logical connections between these data entities. Central data entity is the
gene to which most other data entities are linked. Other important data entities are
transcription-related such as transcription start sites (TSSs) and transcription factors

(TFs). This is reflected in the entry points that a user can chose between on the top

level of the web-interface. Information in the DDEC is structured into four distinct

parts:

1. A platform that can be used to search the integrated gene information through
standardized vocabularies.

2. Selection of genes of interest from the list. Search criteria provide users with
gene details such as: general information, gene in other resources,
experimental evidence, related proteins, associated pathways, associated
diseases, orthologous genes, regulations and text-mined reports that can
support building interactive association networks.

3. Transcription regulation information which includes all putative TFBSs for
the EC-implicated genes in DDEC. This segment is useful for gene regulation

studies since TFBSs of interest can be selected and the results will list each
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TFBS and gene promoter with corresponding TFBSs. Genes sharing all the

selected TFBSs are listed as well.

4.  Batch queries and data download interface is provided to increase utility for

users.
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Figure 2.1: Schematic representation of the DDEC structure.

DDEC contains information on EC-implicated genes compiled based on scientific
publications from PubMed. The PubMed database was queried with keyword

expression: “esophageal (cancer OR cancers OR tumor OR tumors OR carcino*
24



OR adenocarc* OR malign* OR neoplasm*)” on 31/01/2008 and 35,892 PubMed
abstracts were retrieved. The search for relevant publications was further refined
using the licensed Dragon Exploration System (DES) from OrionCell
(http://www.orioncell.org), that has an integrated Biomedical Text-Miner tool. DES
retrieved a list of 1677 putative genes associated with EC from the extracted
abstracts. Biologists then evaluated information about experimental conditions
these genes have been subjected to using full-text articles whenever possible, and
abstracts in other cases. When the available information was insufficient to deduce
the correct experimental conditions, the gene was discarded. Taking into account
that experimental conditions influence gene expression, DDEC provides details of
the cell line, tissue or cell type, expression status, disease stage, tumor grade,

esophageal cancer type and laboratory method reported in literature.

A final list of 529 genes was identified in this way and used to populate the
database. The general information about the genes, which includes HGNC ID,
approved symbol, approved name, entrez ID, previous symbol, previous name,
aliases, OMIM-related information, and chromosome location, was extracted from

sources such as HUGO (/59) (http://www.genenames.org/) and GeneCards (/60)

(http://www.genecards.org/index.shtml). Included in the database are gene related

identifiers such as EMBL (/61) (http://www.ebi.ac.uk/embl/), Ensembl (/62)

(http://www.ensembl.org/index.html), Refseq (163), Genbank (164)

(http://www.ncbi.nlm.nih.gov/), Unigene (165)

http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene&orig_db), Uniprot (/66)

http://www.ebi.ac.uk/uniprot/), Swiss-Prot (/67) (http://www.expasy.ch/sprot/) and

PDB (168) (http://www.rcsb.org/pdb/home/home.do). ID conversion tools like
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IDconvertor (/69) (http://idconverter.bioinfo.cnio.es/) and Onto-tools (/70)

(http://vortex.cs.wayne.edu/ontoexpress/servlet/UserInfo) were used to convert

between different types of identifiers. A summary of the statistics of the above
mentioned features are listed in documentation. Links to the relevant sources of
data such as gene ontologies (/717) (http://www.geneontology.org/), Evoc (/72)
(http://www.evocontology.org/), and Reactome pathway data (/73)

(http://www.reactome.org/) are also provided.

As a useful feature, lists of putative TFBSs that map to the promoter regions of EC-
implicated genes were generated to allow users to identify genes that share common
TFBSs. For this purpose, promoter sequences were extracted using mainly Fantom3
CAGE tag data (/74), as well as Toucan v. 3.0.2 (/75). The TRANSFAC
Professional database v.11.4 was used to map the TFBSs to the promoter
sequences(/76). All TRANSFAC mammalian matrix models of binding sites were
mapped using the Match™ program with minFP profiles for optimized thresholds
of the matrix models (/77). The complete list of 529 genes was used to extract
promoter sequences for the identification of putative TFBSs. Promoter sequences of
409 genes (1200 bp upstream and 200 bp downstream from the transcription start
site, TSS) were extracted from the Fantom3 CAGE tag data corresponding to 1582
transcription start sites (TSSs) where each had at least five tags in the tag cluster
and a minimum of three tags in the representative tag (174). An additional 108
promoter sequences (1200 bp upstream and 200 bp downstream from the TSS)

were extracted using Toucan v. 3.0.2 (1735).
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As an additional feature, all related PubMed documents for each of the 529 EC-
implicated genes were extracted and analyzed them using DES. DES uses a
dictionary-based text mining approach to extract information used for the
precompiled reports by mapping the entities from the dictionaries to the submitted
PubMed documents. Six manually curated DES dictionaries namely; human genes
and proteins, metabolites and enzymes, toxins, chemicals with pharmacological
effects, disease concepts and human anatomy, were applied. These dictionaries
were compiled from literature and public databases. The accuracy of this integrated
data has been evaluated in Sagar et al. in terms of precision, recall and F-measure.
The analysis of the results displayed precision and recall ranging from 81%-100%
and with an average F-measure of 92.9% for the SCNIA gene (178). The
precompiled reports in this study are incorporated in the DDEC and provide the
user with a possibility to inspect possible interactions associated with the genes of
interest and associated networks of relevant biomedical entities. An additional
feature in DES allows for hypotheses to be generated between two dictionary
entries that are linked to a common dictionary entry. This tool enables the user to
test the hypotheses generated by retrieving PubMed documents related to the two
dictionary terms linked through the hypothesis. If no PubMed documents are
retrieved the hypothesis may warrant further exploration. This functioning of the
text-mining modules of DDEC is based on similar concepts as used in Pan et al.
and Bajic et al. (179),(180). DES has also been employed in the creation of a
module for the ovarian cancer database, DDOC (/81). Batch queries and data
download are provided to increase utility for users. Further, a database dump has

been provided to support integration with other database resources.
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The above outlined process of biocurated data collection and integration will be
repeated twice yearly as an update process. Updates will incorporate extracting
abstracts from the last update day to current day. This semi-automated process is
more time consuming than current automated update systems but has the advantage

of reducing redundant information.

The existence of this database is owing to me, Mandeep Kaur and Vladimir B.
Bajic whom conceptualized the study. I further contributed the content in this
database and a team comprising of Aleksandar Radovanovic, Ulf Schaefer,
Sebastian Schmeier, Sundararajan V. Seshadr and Alan Christoffels developed the
database. Alexsandar Radovanovic and Vladimir B. Bajic also developed the DES

system

2.4 UTILITY AND DISCUSSION

DDEC provides a comprehensive compilation of information obtained from
published EC research, complemented with the information from public databases
and information derived from computational analysis. The information captured in
DDEC is centered on genes differentially expressed in EC. The information used
for selection of genes to be included in DDEC was curated. Only genes that satisfy
all conditions listed below are included in DDEC:

(i)  Genes that are differentially expressed in human EC with experimental

proof.
(i) Differential expression of EC-implicated genes has not been influenced by

anti-cancer therapy.
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(ii1)) Differentially expressed EC-implicated genes have not been artificially

constructed.

Microarray data has been excluded at this stage as the results obtained using high
throughput technologies are debatable in terms of deciding about a meaningful
level of gene expression and statistical methods used for analysis and interpretation
of data (/82,183). However, as a future prospect the database will be expanded by
adding a subset for raw expression data and analysis of the EC-related microarray

data.

DDEC contains precompiled text-mined and data-mined reports that allow for easy

exploration of information about associations of EC-implicated genes with other

genes and proteins, metabolites and enzymes, toxins, chemicals with

pharmacological effects, disease concepts, human anatomy, pathways and pathway

reactions. Moreover, DDEC provides for potentially new ‘association hypotheses’

generated in the precompiled reports. It also provides frequency of associations that

allows users to observe rare associations with the genes of interest that will usually

be overlooked in a typical literature search taking into account the huge volume of

data available. DDEC can be used to answer questions such as:

1. Is my gene of interest differentially expressed in EC, i.e. is it an EC-
implicated gene as defined here?

2. Which putative transcription factors regulate the expression of an EC-
implicated gene or sets of these genes?

3. Which of the other EC-implicated genes in DDEC are regulated by the same

transcription factor (or factors) as the gene of interest?
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4. My gene of interest has putative associations with other biomedical concepts.
What are these concepts and what are the documents from which such

associations are deduced so that I can explore them?

The potential uses and advantages of the database are described in the

documentation section (http://apps.sanbi.ac.za/ddec/DDEC.pdf). An example of

data analysis has been included in the documentation and should help users to
understand and utilize different functions implemented in this database to maximize

information exploration and extraction.

Kaur et al. recently published DDOC, an ovarian cancer (OC) database housing 379
OC-related genes using the same database model and query interface (/87). To
explore whether the EC and OC database content characterize functionally distinct
groups of genes, the categories where probed for statistical over-representation of
GO terms. EC and OC gene lists were compared for this analysis (see Table 2.1).
Only 123 genes were found to be common to both cancer types while 406 genes
were unique to EC and 256 genes were unique to OC. Generally, all categories
were characterized by the majority of genes forming part of the broad terms,
apoptosis and cell cycle. However, these categories were primarily over-
represented for the genes common to both EC and OC. The gene list unique to EC
was found to be enriched in functionally distinct groups such as ‘neuron
differentiation and development’ and ‘epidermis development’ while the gene list
unique to OC was found to be enriched in functionally distinct groups such as ‘sex

differentiation and development’ and ‘embryonic development’.
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KEGG pathways enriched for the genes unique to EC, genes unique to OC and the

genes common to EC and OC were identified (/84). The MAPK signaling pathway,

ErbB signaling pathway and p53 signaling pathway were found to be the most

pronounced pathways for genes common to EC and OC. The pathways most

pronounced for the genes unique to EC were the MAPK signaling pathway, Wnt

signaling pathway, with androgen and estrogen metabolism being unique to this

group. The MAPK signaling pathway, ErbB signaling pathway and TGF-beta

signaling pathways were most pronounced for the genes unique to OC.

Table 2.1: A comparison of Esophageal and Ovarian Cancer genes by

characterizing functionally distinct groups based on Gene Ontology terms

Gene Ontology terms representing

Genes unique for

Gene unique for

Genes common

functionally distinct groups Esophageal Cancer (EC) | Ovarian Cancer (OC) to EC and OC
Neuron differentiation and development 3.03 0.77 0
Epidermis development 591 1.06 1.66
Sex differentiation and development 0.36 1.36 0
Embryonic development 0.76 1.85 0
Regulation of apoptosis 8.09 9.84 13.22
Regulation of cell cycle 11.99 11.31 14.73

* The values tabulated in Table 2.1 represent the overall enrichment score for the group based on

EASE scores of each term members. The higher the score the more enriched (/85).

The above analysis suggests that distinct categories of genes participating in

specific pathways are involved in pathogenesis of different types of cancers. These

cancer specific categories of genes can be investigated as potential biomarkers for

prognosis and diagnosis of the disease.
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In future, the effect of current therapeutic drugs will be incorporated. Additional
features that may enhance search and retrieval of DDEC information will be added
in due course, as well as incorporation of DDEC into ICGC, caBIG and LinkOut.
DDEC will further be updated twice a year and will continue to grow in both

content and functionality.

2.5 CONCLUSION

DDEC is an integrated knowledge database aimed at representing a gateway to EC-
related data. DDEC houses information associated with 529 hand-curated human
genes implicated in EC and allows the users to easily access the wealth of EC
related data that is typically difficult to find and not easily amendable to data
mining. Users are also provided with the DES interface that allows for the easy
exploration of information, viewing of potential associations that are rarely reported
and thus difficult to identify and inspection of potentially new ‘association

hypotheses’ generated based on the precompiled reports.

DDEC is freely accessible for academic and non-profit users at

http://apps.sanbi.ac.za/ddec/ and has recently been published in BMC Cancer (/86).

This resource will hopefully serve as a useful complement to the existing public
resources and as a good starting point for researchers and physicians interested in

EC genetics.
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CHAPTER 3

CHARACTERIZING THE TRANSCRIPIONAL CIRCUITRY OF ESTROGEN
RESPONSIVE ESOPHAGEAL CANCER GENES

3.1 ABSTRACT

Prognosis for EC and various other malignancies remains poor despite the use of
multidisciplinary therapy. This may be a consequence of our limited knowledge of
underlying mechanisms affected by these lines of treatment. This study was
initiated in an attempt to expand on the current knowledge of these underlying
mechanisms in estrogen-based EC therapy. This will be accomplished by in silico
analysis of estrogen response elements (ERE) and TFs in the promoter regions of
ESCC esophageal cancer related genes extracted from the integrated EC database,

DDEC.

Estrogen is known to activate estrogen receptors (ERs) that in some cases bind to
specific DNA motifs called EREs in target gene promoters’ thereby altering gene
expression with the involvement of specific combinations of TFs. In this study,
estrogen response genes and ESCC genes that have been verified with in vitro
biological expression data were used to computationally interpret the transcriptional
circuitry of estrogen-related hormone therapy in ESCC. The applied research
methodology allowed for the identification of 47 novel putative estrogen responsive
ESCC genes. Recent 2009 publications by (/87) and (/88) verified two of the

predicted estrogen responsive ESCC genes.
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These findings provide the research community with combinations of TFBSs that
may be used to identify estrogen responsive genes and to divulge more genes that

possibly play a role in the underlying mechanisms affected by estrogen treatment.

3.2 INTRODUCTION

Bearing in mind that the transcriptional circuitry is a coordination of three
constituents: TFs, the sequence-specific DNA binding motifs (TFBSs) that bind the
TFs in the promoter region of the affected transcripts, and the affected transcripts,
that are responsible for the regulation of gene expression (/89). The TFBSs that
mediate this gene expression generally occur within 2 kb upstream of the
transcription start site (/90); although some binding sites have been identified in
other regions (/91;192). The literature further indicates that TFBSs have 80-fold
higher functionality if located in the proximal promoter region (/93) and that TFs
have the tendency to compete for overlapping TFBSs thereby inducing or inhibiting

gene expression (194-196).

Published scientific data demonstrates that estrogen has an inhibitory effect on
esophageal carcinoma, which is regulated by the functioning of the TF, estrogen
receptor (ER) (/97-199). ER, binds to a specific TFBS known as the estrogen
response element (ERE) (200;201). There are two ER subtypes, ERa and ER, that
are located on human chromosomes 6q25 (202) and chromosome 14q22-24, (203),
respectively. Both ERa and ERP bind to the same estrogen responsive elements
(EREs) but ERa does so with an approximately twofold higher affinity (204).

Additionally, ERP is known to bind to ERa thereby suppressing ERa function
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(205;206). This inverse biological function associated with the two ER subtypes

has been confirmed to exist in ESCC (197).

Estrogens are implicated as regulators of physiological processes such as
development, growth and maintenance of reproductive function (207). The
canonical model for ER-mediated regulation of gene expression involves cytosolic
estrogens traversing through the plasma membrane to bind to and activate the
nuclear ER thereby causing the ER to dissociate from the chaperone complex (208).
Upon dissociation, ER's are free to dimerize and directly bind to the EREs thereby
controlling the expression of select genes (/99; 200). ERs are also activated by
hormone-independent pathways but still bind directly to EREs (209-212).
Alternatively, ERs are involved in non-genomic cell membrane signalling pathways
that result in fast tissue responses without involving gene expression (2/3) and ERs
can indirectly regulate gene expression by forming a complex with specific
transcription factors, thereby acting as co-activators or co-repressors (2/4). Genes
regulated by ERa include progesterone receptor, cyclin D1, cathepsin D and c-Myc
(215-218). Transcriptional activities of ERs in ESCC have been studied in brief and

consequently they are not well understood within this disease context.

3.3 METHODOLOGY

3.3.1 OVERVIEW

This study attempts to increase insight into the transcriptional circuitry associated
with ERs that bind directly to the EREs in ESCC genes. A list of 418 genes,

differentially expressed in ESCC, was extracted from the Dragon Database of
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Genes Implicated in Esophageal Cancer (DDEC). The promoter sequences of these
genes were extracted from the Fantom3 CAGE tag data (/74). These core promoter
regions were searched for EREs using the Dragon ERE Finder version 6.0

(http://apps.sanbi.ac.za/ere/index.php) (219), hereby classifying the 418 genes into

a gene set with predicted EREs (A) and a gene set lacking predicted EREs (B).
Additionally, the ESCC genes in A and B with biological expression data that
verify the gene to be estrogen responsive were identified using the list of estrogen
response genes taken from KBERG (220) and ERtargetDB (227). Thus, the 418
differentially expressed ESCC genes were classified into the following 4 categories:
C1: predicted estrogen responsive ESCC genes with experimental proof verifying
estrogen responsiveness.

C2: predicted estrogen responsive ESCC genes lacking experimental proof
verifying estrogen responsiveness.

C3: ESCC genes with experimental proof verifying estrogen responsiveness that
were not predicted to be estrogen responsive.

C4: ESCC genes lacking experimental proof verifying estrogen responsiveness that

were not predicted to be estrogen responsive.

To explore whether the categories set apart functionally distinct groups of genes,
categories were analysed for statistical over-representation of GO terms. The
categories were further analysed for TFBSs that characterise the promoter region of
the estrogen responsive genes. The hypothesis was that since EREs act as cis-
regulatory elements within gene promoters, significant enrichment of specific
sequence motifs in ESCC genes known to be estrogen responsive should be

detectable. Consiquently, the TFBSs in the promoter region of all ESCC genes were
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predicted using position weight matrices (PWMs) from TRANSFAC Professional
database v.11.4. Categories C1 and C3 were combined (C1&3) to represent a set of
estrogen responsive genes with experimental proof verifying estrogen
responsiveness. In this search for overrepresented TFBSs, the C1&3 TFBS
mappings were used for comparison against the background TFBS mappings from
C4. The one-sided Fisher’s exact test was used to calculate the Bonferroni-
corrected p-values for each of the TFBSs predicted. Similarly, the p-values for
combinations of paired TFBSs within estrogen responsive gene promoters were
calculated - believing that pairs of TFBSs represent a basic form of coordinated
regulation by multiple TFs. Being particularly interested in the coordinated
regulation of estrogen responsive genes, the search was extended to include
combinations of TFBSs containing more than two elements. This combinatorial
problem quickly became intractable. The method below was designed to reduce this

combinatorial complexity.

A ranked list of TFBSs was computed by summing the p-values for each unique
TFBS mapping as well as its paired mappings. The summed p-values represent a
score intended to describe the disproportion of mappings for a TFBS in the target
set against the background set, relative to other TFBSs. The top 10 ranked TFBSs
with the lowest sum of p-values were used to calculate new combinations of TFBSs
made up of at least 2 and at most 10 TFBSs. Within these criteria, all possible
combinations of TFBSs were determined. Subsequently, the null hypothesis was
tested, that each combination is not present in proportionally higher frequencies
within the target versus background promoter sets. This step allowed for the

analysis of multiple combinations of TFBSs potentially contributing to the
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regulation of ER genes, whilst significantly reducing computational requirements.
The significant combinations comprised of these 10 TFBSs were then used to
annotate the promoter regions of the putative estrogen response genes in C2 to

support the novel putative estrogen responsive genes.

3.3.2 EXTRACTING OF THE PROMOTER SEQUENCES OF THE ESCC GENES

A list of 418 genes, differentially expressed in ESCC, was extracted from the
Dragon Database of Genes Implicated in Esophageal Cancer (DDEC). Promoter
sequences of 418 genes (1200 bp upstream and 200 bp downstream from the
transcription start site, TSS) were extracted from the Fantom3 CAGE tag data that
correspond to 1582 transcription start sites (TSSs) that each has at least five tags in
the tag cluster and a minimum of three tags in the representative tag (/74). As a
background set, 39,000 randomly selected sequences of length 1200 bases were

used from the human genome.

3.3.3 CATEGORIZING ESCC GENES BASED ON ERE PREDICTIONS AND
EXPERIMENTAL EVIDENCE OF ESTROGEN RESPONSIVENESS

Dragon ERE Finder version 6.0 (http://apps.sanbi.ac.za/ere/index.php) was used to

predict the EREs in the promoter sequences. A sensitivity of 0.83 was used as
recommended in (222). The ESCC genes in the predicted estrogen responsive gene
set and the ESCC gene set lacking predicted estrogen responsiveness were further
categorized based on which genes have biological expression data verifying the
gene to be estrogen responsive. The list of estrogen response genes with
experimental proof was taken from KBERG (223) and ERtargetDB (224). The

current (March 2009) version of ERTargetDB (http://bioinformatics.med.ohio-

state.edu/ERTargetDB/) was used. It contained:- (a) 40 genes with 48
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experimentally verified ERE direct binding sites and 11 experimentally verified
ERE tethering sites; (b) 42 genes identified via ChIP-on-chip assay for estrogen
binding (c) 355 genes from gene expression microarrays; (d) and 2659
computationally predicted genes. An additional 1516 experimentally confirmed
estrogen-responsive  genes  extracted from the KBERG  database

(http://research.i2r.a-star.edu.sg/kberg/) were used as well, to ensure the final list

used was comprehensive.

3.3.4 FUNCTIONAL ANALYSIS OF ESCC GENES BASED ON ABOVE
CATEGORIZATION

To explore whether the above mentioned categories based on ERE predictions and
experimental evidence characterize functionally distinct groups of genes, the
categories where probed for statistical over-representation of GO terms (/77). GO
term analysis was performed for all the genes using DAVID (The Database for
Annotation, Visualization and Integrated Discovery) version 2.0 (225) and

transcripts were clustered based on their functional annotations at GO level 4.

3.3.5 MAPPING TFBS MATRICES TO THE PROMOTER SEQUENCE OF ALL EC
GENES

The TRANSFAC Professional database v.11.4 was used to map the TFBSs
matrices to the ESCC genes (/76). The 522 TRANSFAC mammalian matrix
profiles of TFBSs were mapped to the promoter sequences using the Match™

program with minF'P profiles for optimized thresholds of the matrix models (/77).
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3.3.6 DETERMINING THE COMBINATIONS OF TFBS SIGNIFICANTLY OVER-
REPRESENTED IN C1&3 AS OPPOSED TO C4

To determine the TFBSs specific to the target set of ESCC promoters, the
overrepresentation index (ORI) was calculated using a background set of 40,101
randomly chosen unique human promoters. This calculation was done by in-house
computer scripts. Readers interested in applying the same filtering process should

contact Vladimir Bajic (vlad@orioncell.org). An ORI value of one means no

overrepresentation of the TFBS in the target promoter group compared to the
background set. A greater ORI signifies over representation of the TFBS in the
target promoter group. All TFBSs with an ORI below two were filtered out. The

remaining TFBS were used to annotate the promoters.

In the search for overrepresented TFBSs, the C1&3 TFBS mappings were used for
comparison against the background TFBS mappings from C4. The one-sided
Fisher’s exact test was used to calculate p-values for each of the TFBSs predicted
and for all combinations of paired TFBSs. Bonferroni corrections were applied to
all p-values. A correction factor of 522 and (522°-522)/2 was applied to p-values
for single TFBSs and paired TFBSs, respectively. Over-representation of paired
TFBSs within estrogen responsive gene promoters were considered on the basis
that pairs of TFBSs represent a basic form of coordinated regulation by multiple

TFs.

The search was further extended to include combinations of TFBSs containing
more than multiple TFBSs. This combinatorial problem quickly became intractable.

The method below was designed to reduce this combinatorial complexity.
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All TFBSs were ranked and scored by summing the p-values for each single TFBS
mapping as well as its involved paired mappings. The summed p-values represent a
score intended to describe the disproportion of mappings for a TFBS in the target
set against the background set, relative to other TFBSs. The top 10 ranked TFBSs
(i.e. those with the lowest sum of p-values) were selected. This selection was used
to calculate new combinations of TFBSs made up of at least 2 and at most 10
TFBSs. Within these criteria, all possible number of TFBS combinations were
determined. Subsequently, we tested the Null Hypothesis that each combination is
not present in proportionally higher frequencies within the target versus background
promoter sets. The one-sided Fisher’s exact test was used to calculate the new p-
values for all combinations of TFBSs. Bonferroni corrections were applied to all p-
values. A correction factor of (522%-522)/x was applied to p-values for multiple
TFBSs. The ranking step significantly reduced the complexity of the problem,
whilst retaining those TFBSs most highly overrepresented, and therefore potentially
likely to regulate transcription of ER genes. Once the Bonferroni corrected p-values
for all combinations of TFBSss were obtained, only combinations that were

significant was selected (p-value <= 0.05).

3.3.7 USING THE SIGNIFICANTLY OVER-REPRESENTED COMBINATIONS OF
TFBSS TO INCREASE CONFIDENCE IN THE NOVEL PUTATIVE ESTROGEN
RESPONSE GENES IN C2

Using the significant selection of top ranked combinations of TFBS (see above), the
promoter regions of the predicted estrogen response genes in C2 were annotated for
the presence of these combinations of TFBSs to support the novel putative estrogen
response genes. These annotations were made viewable in the form of a heatmap

using Cytoscape software (226).
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3.4 RESULTS AND DISCUSSION

3.4.1 THE PREDICTION AND IDENTIFICATION OF ESTROGEN RESPONSIVE
GENES DIFFERENTIALLY EXPRESSED IN ESCC

A sequential two-step process was used to predict and verify the ESCC genes that
are estrogen responsive. This two-step process is: (a) the prediction of EREs in the
promoter region of ESCC genes, and (b) the categorization of the genes in (a) based
on published biological expression data that confirm which genes are estrogen

responsive.

EREs in the promoter region of a gene suggests that the gene expression has a
potential to be induced by activated ER occupying the ERE site, along with the
necessary complement of transcriptional machinery primed. The 418 differentially
expressed ESCC genes were extracted from the DDEC

(http://apps.sanbi.ac.za/DDEC/index.php). The TSSs used to identify the core

promoter sequences of the 418 ESCC genes (1200 bp upstream and 200 bp
downstream from the TSS) were extracted from the Fantom3 CAGE tag data that
correspond to 1645 TSSs. Thus the 1645 putative promoters were analysed for

ERE via Dragon ERE Finder version 6.0 (http://apps.sanbi.ac.za/ere/index.php).

This tool’s detection algorithm was tested on several large datasets and makes one
prediction in 13,300 nt while achieving a sensitivity of 83% (227). In the dataset, of
the 1645 promoters, EREs were detected in 242 promoter regions corresponding to

128 ESCC genes (see appendix I).

The curated estrogen responsive gene lists stored in the KBERG and ERTargetDB

were used to confirm which genes have published biological expression data
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demonstrating estrogen responsiveness (see appendix II). Of the 128 putative
estrogen responsive genes, 56 genes had biological expression data confirming
estrogen responsiveness. Thus, the additional 72 genes predicted can lay the
foundation for increasing insights into the molecular events triggered by estrogen.
In the dataset there are 291 genes that had no EREs predicted in their promoter
regions. Of the 290 genes, 146 had biological expression data confirming estrogen
responsiveness. The promoter regions of the 146 gene that did not contain an over-
represented ERE motifs but have been documented to be estrogen responsive may
exemplify ERs acting in a co-activator or co-repressor capacity (228). This analysis

generated four categories of genes (Table 3.1) that are used in subsequent analyses.

Table 3.1: ESCC genes categorized based on ERE predictions and experimental

evidence of estrogen responsiveness.

Category | Category Description No. of genes
C1 genes with predicted EREs and have experimental evidence
of estrogen responsiveness 56
C2 genes with predicted EREs and lack experimental evidence
72
C3 genes without ERE predictions but have experimental evidence
of estrogen responsiveness 146
C4 genes without ERE predictions and also do not have
experimental 144
evidence of estrogen responsiveness
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3.4.2 FUNCTIONAL ANALYSIS OF ESCC GENES BASED ON ERE
CATEGORIZATION

To explore whether the gene categories, C1 to C4, characterize functionally distinct
groups of genes, the categories where probed for statistical over-representation of

GO terms (/71).

For these analyses, categories C1 and C3 were combined (C1&3) as they represent
a set of experimentally validated estrogen response genes. C1&3, C2 and C4
constitute 47.97%, 17.18% and 34.84% of genes under study, respectively.
Generally, all categories were annotated by the predominant gene annotation from
one of the broad terms, apoptosis and cell differentiation. These broad terms are
defined, at least in part, by underlying processes (see Figure 3.1) such as cellular
protein metabolic process, phosphate metabolic process, phosphotransferase
activity, kinase activity, adenyl nucleotide binding, biopolymer modification, and
purine ribonucleotide binding. Figure 3.1 illustrates the over-represented processes.
The nucleus defined processes such as adenyl nucleotide binding, biopolymer
modification and purine ribonucleotide binding are dominant in C1&3 and C2

compared to C4.

3.4.3 TFBS ANALYSIS OF ESTROGEN RESPONSIVE ESCC GENES

The analysis of the TFBSs in the promoter regions of the ESCC genes required the
sequential execution of three processes: (a) mapping the TFBSs matrices to the
promoter sequences of all ESCC genes, (b) determining the combinations of TFBSs
significantly over-represented in C1&3 as opposed to C4 and (c) using the
significantly over-represented combinations of TFBSs to increase confidence in the

putative estrogen response genes in C2.
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Figure 3.1: A graphical representation of the underlying processes over-represented in the GO
analysis of C1&3, C2 and C4. This figure illustrates that processes such as adenyl nucleotide
binding, biopolymer modification and purine ribonucleotide binding are dominant in C1&3 and C2

compared to C4.

3.4.3.1 TFBS MATRICES MAPPED TO THE PROMOTER SEQUENCE OF ALL ESCC
GENES

The same promoter sequences extracted for the mapping of EREs in the promoter
region of ESCC genes were also used in this analysis. The 522 TRANSFAC
mammalian matrix profiles of TFBSs were mapped to the promoter sequences
using Match™ (176; 177). Of the 522 matrices mapped, 492 unique matrices
mapped to the promoter sequences of all the ESCC genes at 165,788 positions. Of
the 492 matrices mapped, 472 unique matrices were mapped to the promoter
sequences of the putative estrogen responsive genes (Cl and C2) at 21,241

positions, and of the 21,241 TFBSs, 551 TFBSs overlapped with predicted EREs
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(see appendix III). Knowledge of overlapping TFBSs is essential to understanding
underlying biological processes as these overlapping motifs have been shown to
behave as regulatory mechanisms, in the expression of the gene of interest and they
may occur via a multistage mechanism where the transcription factors bind the

promoter region in a stepwise fashion (/93; 194).

The distance of functional promoter elements to the TSS of a gene is related to the
transcriptional regulation of that gene (/99). For example, Zou et al. demonstrated
the 80-fold higher functionality of motifs in the proximal promoter region, defining
a minimum proximal promoter region of the NF/ gene (-270 to +230) and further
suggesting that a repressor region exists within the 300 bases upstream of the NF'/
translation start site (+354 to +539) (192). The distribution of the 86 experimentally
validated EREs (C1) and the 99 putative EREs (C2) from the TSSs are depicted in
Figure 3.2. Figure 3.2A clearly depicts that the distribution of EREs in C1 (33/86)
is concentrated in the proximal promoter region (-200bp to +200bp). This
distribution pattern depicts higher functionality of motifs in the proximal promoter
region. Figure 3.2B clearly depicts that the distribution of the putative EREs in C2
(22/99) is concentrated in the proximal promoter region. This suggests the
probability that these putative EREs may be functional. Furthermore, the overall

distribution pattern in Figure 3.2A and 3.2B are relatively similar.
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A) Distribution of ERE sites with respect to TSS position in each promoter in C1

30 -

25 A

20 -

15 -

11 10 11 11

TTROCOSOK O~ mIgmuITHn

200 400 600 800 1000 1200
Distance from TSS (bp)
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25
22

20

N
o
1

17
16

=
(S
1

13

11

[ERN
o
1

(]
1

TTYROC OSSO O rTIgnuTipn

200 400 600 800 1000 1200
Distance from TSS (bp)

Figure 3.2: Histograms representing the distribution of ERE matrices mapped to the promoter

sequences of genes in C1 (A) and C2 (B) from the TSSs, respectively.
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3.4.3.2 COMBINATIONS OF TFBS SIGNIFICANTLY OVER-REPRESENTED IN
C1&3 AS OPPOSED TO C4

Gene expression is driven by the cohesive action of multiple TFs binding to
specific TFBSs. Thus, comparable patterns of binding site motifs are able to define
co-regulated genes (229;230). To identify the combinations of TFBS, significantly
overrepresented in C1&3 as opposed to C4, the one-sided Fisher’s exact test was
computed to calculate the Bonferroni-corrected p-values for each of the TFBSs
(correction factor = 522) predicted and the p-values for all combinations of paired
TFBSs (correction factor = 522°-522/2). To minimise the computational
complexity, a ranked list of TFBSs was further computed by summing the above
mentioned p-values for each unique TFBS. The 10 TFBSs with the lowest sum of
p-values were used to calculate the p-values for every possible TFBS combination.
The significant combinations with a p-value < 0.05 were selected (see Table 3.2).
Significant combinations consisting of 12 combinations of two TFBS, 18
combinations of three TFBS, 10 combinations of four TFBS, 3 combinations of five
TFBS and 1 combination of six TFBS were identified. These combinations, listed
in Table 3.2, can be used to increase confidence that the putative estrogen
responsive genes may be estrogen responsive, as these combinations of TFBSs
were found to be significantly over-represented in a known estrogen responsive
gene set. The 10 TFBSs that comprise these combinations are VSELKI1 01,
VSCETS1P54 01, VEYY1 01, VSGATA3 01, VSTAXCREB 02,
VSFREAC4 01, VSAREB6 01, VSCREB_Q3, VSE2A Q6 and VSEBOX Q6 01.
Of the 44 significant combinations, eight combinations were not present in category

C4. The most significant combination in C1&3 compared to C4 is VSAREB6 01,
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Table 3.2: TBFS combinations significantly over-represented in ESCC genes

ERE Category C1+C3 C1 C2 C3 C4
Total Number of Genes 202 56 72 146 144
Counts | Percentage | Counts | Percentage | Counts | Percentage | Counts | Percentage | Counts | Percentage

M00412|M00059|M00032|M00973 17 8.42% 8 14.29% 9 12.50% 9 6.16% 0 0.00%
M00412|M00292|M01034|M00973 16 7.92% 11 19.64% 7 9.72% 5 3.42% 0 0.00%
M00115|M00412|M00032|M01034|M00801|M00973 16 7.92% 16.07% 7 9.72% 7 4.79% 0 0.00%
M00115|M00412|M01034|M00801|M00973 19 9.41% 16.07% 11 15.28% 10 6.85% 0 0.00%
M00115|M00292|M00973 18 8.91% 10 17.86% 8 11.11% 8 5.48% 0 0.00%
M00115|M00412|M00801|M00973 22 10.89% 10 17.86% 14 19.44% 12 8.22% 0 0.00%
M00115|M00412|M00007|M00801 18 8.91% 8 14.29% 8 11.11% 10 6.85% 0 0.00%
M00115|M00412|M00032|M00801|M00973 17 8.42% 9 16.07% 9 12.50% 8 5.48% 0 0.00%
M00115|M00007|M01034|M00801 19 9.41% 10 17.86% 8 11.11% 9 6.16% 1 0.69%
M00412]M00007|M00801 19 9.41% 8 14.29% 8 11.11% 11 7.53% 1 0.69%
M00115|M00412|M01034|M00801 21 10.40% 11 19.64% 11 15.28% 10 6.85% 1 0.69%
M00412|M00292|M00973 19 9.41% 13 23.21% 7 9.72% 6 4.11% 1 0.69%
M00412|M00032|M00801|M00973 19 9.41% 10 17.86% 12.50% 9 6.16% 1 0.69%
M00115|M00292|M00032 20 9.90% 14 25.00% 10 13.89% 6 4.11% 1 0.69%
M00115|M01034|M00801|M00973 24 11.88% 12 21.43% 12 16.67% 12 8.22% 1 0.69%
M00115|M00412|M00032|M01034|M00973 21 10.40% 12 21.43% 12 16.67% 9 6.16% 1 0.69%
M00292|M00032|M01034 18 8.91% 13 23.21% 10 13.89% 5 3.42% 1 0.69%
M00412|M01034|M00801|M00973 21 10.40% 10 17.86% 11 15.28% 11 7.53% 1 0.69%
M00292|M00032|M00973 18 8.91% 12 21.43% 7 9.72% 6 4.11% 1 0.69%
M00412]M01034|M00801 23 11.39% 12 21.43% 11 15.28% 11 7.53% 2 1.39%
M00115|M01034|M00801 27 13.37% 14 25.00% 13 18.06% 13 8.90% 2 1.39%
M00115|M00007|M00032|M01034 23 11.39% 14 25.00% 16 22.22% 9 6.16% 2 1.39%
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Table 3.2: continued

ERE Category C1+C3 C1 C2 C3 C4
Total Number of Genes 202 56 72 146 144
Counts | Percentage | Counts | Percentage | Counts | Percentage | Counts | Percentage | Counts | Percentage
M00412|M00801|M00973 24 11.88% 11 19.64% 14 19.44% 13 8.90% 2 1.39%
M00292|M01034 22 10.89% 15 26.79% 13 18.06% 7 4.79% 3 2.08%
M00115|M00412|M00801 27 13.37% 12 21.43% 17 23.61% 15 10.27% 3 2.08%
M00412|M00032|M00801 24 11.88% 11 19.64% 9 12.50% 13 8.90% 3 2.08%
M00115|M00007|M00801 28 13.86% 12 21.43% 11 15.28% 16 10.96% 3 2.08%
M00412|M00292 26 12.87% 15 26.79% 11 15.28% 11 7.53% 4 2.78%
M00115|M00801|M00973 30 14.85% 14 25.00% 15 20.83% 16 10.96% 4 2.78%
M00292|M00973 25 12.38% 14 25.00% 9 12.50% 11 7.53% 4 2.78%
M01034|M00801|M00973 27 13.37% 13 23.21% 13 18.06% 14 9.59% 4 2.78%
M00007|M00801 32 15.84% 12 21.43% 11 15.28% 20 13.70% 5 3.47%
M00292|M00032 27 13.37% 17 30.36% 12 16.67% 10 6.85% 5 3.47%
M00115|M00032|M01034 34 16.83% 18 32.14% 21 29.17% 16 10.96% 5 3.47%
M00412|M00032|M00973 30 14.85% 16 28.57% 16 22.22% 14 9.59% 5 3.47%
M00412|M00801 31 15.35% 13 23.21% 17 23.61% 18 12.33% 6 4.17%
M00115|M00032|M00973 33 16.34% 15 26.79% 19 26.39% 18 12.33% 6 4.17%
M01034|M00801 32 15.84% 16 28.57% 15 20.83% 16 10.96% 7 4.86%
M00412|M01034|M00973 38 18.81% 16 28.57% 21 29.17% 22 15.07% 8 5.56%
M00007|M01034 36 17.82% 17 30.36% 18 25.00% 19 13.01% 9 6.25%
M00032|M00801 38 18.81% 15 26.79% 14 19.44% 23 15.75% 10 6.94%
M00032|M01034 41 20.30% 21 37.50% 24 33.33% 20 13.70% 11 7.64%
M00115|M00801 43 21.29% 18 32.14% 23 31.94% 25 17.12% 12 8.33%
M00412|M00973 50 24.75% 23 41.07% 25 34.72% 27 18.49% 16 11.11%
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VSTAXCREB 02, VSTAXCREB 02, VSE2A Q6. This combination was not
present in C4, but it was found in 14.29% of C1&3 and 12.50% of C2. There were

other combinations of TFBSs that were not found in C4 too (see Table 3.2)

VSAREB6 01 binds AREB6 (also known as ZEB1) (237). ZEBI1 has been
implicated in the transcriptional repression of genes such as IL2 (232), CDHI13
(found in C3) (233), CDH1 (found in C2) (234), ARHGAP24 (235), PKP3 (236)
and BZLF1 (237). ZEB1 and SIP1 are also implicated in the transcriptional
repression of miR-200b (238) and conversely, the expression levels of ZEBI1 is
regulated by the microRNA-200 family (miR-200a, miR-200b, miR-200c, miR-141
and miR-429) and miR-205 (239) thereby producing a double negative feedback
loop. Published biological data demonstrate that the miR-200 family plays a major
role in specifying the epithelial phenotype by preventing expression of the
transcription repressors, ZEB1/deltaEF1 and SIP1/ZEB2 (240;241). This epithelial
to mesenchymal transition (EMT) occurs during embryologic development to allow
tissue remodelling and is proposed to be a key step in the metastasis of epithelial-
derived tumours. Thus, the double negative feedback loop regulates cellular
phenotype and has direct relevance to the role of these factors in tumour
progression. ZEB1 has also been found to mediate disintegration of intercellular
adhesion and EMT via the transcriptional repression of genes such as CRB3,
LLGL2 and MPPS5 (242). Thus, it has been documented as a key biomarker of
aggressive cancer at high risk of recurrence and is recognised as a therapeutic target
(243).

VSTAXCREB 02 binds CREB, deltaCREB and Tax/CREB complex (244,;245).

Over-expression of CREB has been linked to numerous cancer types such as
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ovarian cancer (246), gastrointestinal cancer (247), breast cancer (248), duodenal
cancer (249) and prostate cancer (250). CREB transcribes more than 5000 target
genes. Expression of CREB is directly regulated by miR-34b and the miR-34b
promoter was shown to be methylated in the leukemia cell lines used (257). CREB
has been documented as a prognostic marker in acute myeloid leukemia (252).
V$CREB_Q3 binds CREB1, CREMalpha, deltaCREB, ATF-1, ATF-2, ATF-3,
ATF-4, ATF-a, and ATF-2-xbb4. Tax represses the transcription of TATA-less
CCNA2, CCND3 and POLA1 promoters by attaching to the CREB/ATF complex
bound to the CREB/ATF binding site (253). The interaction between Tax and
CREB is highly specific, whereas Tax interacts with ATF only marginally despite
the extensive sequence similarities between CREB and ATF. Thus, if CREB is not
bound to the motif then transcriptional repression is absent (254). ATF-1 and ATF-
2 is up-regulated and bind to Tax-responsive elements in infected bovine B
lymphocytes (255). Additionally, BATF is up-regulated in human B lymphocytes
infected by Epstein-Barr virus (EBV) and was shown to negatively impact the
expression of a BZLF I reporter gene and to reduce the frequency of lytic replication
in latently infected cells (256), suggesting that BATF impact viral and cellular gene
expression by promote viral latency and control lytic-cycle entry. ZEB1, CREBI1
and ATF1 are members of the bZIP family of leucine-zipper transactivators

(257:258).

The PWMs designated VSCREB_Q3 and VSE2A Q6 maps motifs known to bind
multiple TFs, as this matrix was derived from a collection of TFBSs for many TFs
(176). Thus, the TF associated with this significant combination cannot be defined

for these matrices.
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3.4.3.3 THE SIGNIFICANTLY OVER-REPRESENTED COMBINATIONS
OF TFBSS UTILIZED TO INCREASE CONFIDENCE IN THE NOVEL
PUTATIVE ESTROGEN RESPONSE GENES IN C2

Combinations that were significantly over-represented in C1&3 were further
compared to the TFBSs predicted in the promoter regions of the genes in C2. A
general comparison of these combinations to the TFBSs predicted in the promoter
regions of the genes in C1, C2, C3 and C4 displayed matches of 574, 567, 561 and
153 combinations, respectively. It was determined that 71.43% (40/56) of the genes
in C1, 66.67% (48/72) of the genes in C2, 46.57% (68/146) of the genes in C3 and
34.72% (50/144) of the genes in C4, had at least one of the significant combinations
in the promoter sequence (see Table 3.2). These subsets of gene categories will be

referred to with the postfix 'A', i.e. C1A, C2A, C3A, and C4A.

Even though the significant combinations were determined based on C1&3, the
findings show that Cl1, representing genes both predicted and confirmed to be
estrogen responsive has 24.86% more genes with a significant combination in the
promoter sequence as compared to C3. This result indicates that C1 gene promoters
contain a distinctive combination of TFBSs that are likely to define co-regulated
genes. Thus the 66.67% of putative estrogen responsive genes in C2A that display
at least one of these combinations may be an additional fraction of these co-
regulated genes. These results strengthen support the putative estrogen responsive

genes in C2A.

An overview of the regulatory effects of the combinations on the C2A genes is
shown in Figure 3.3. The figure represents each association in C2A, in the form of a

color dot in a heat map format using TMEV (259,;260). The different shades of red

55



0.05

0.0

ZEOOON | Z26200H | STTOOH
ZEOOOW | Z6Z00H
FEOTON | ZE000H | 26Z00H
FEQTON | 262 00H
Z6Z00W | 2 TRO0H
££600N | 26200 | ZTHO0N
£4600H | FEOTON | 26200N | 2 THO0H
£/600M 1 Z6200H | STTOON ) 1 1
ELBOONIZ6Z00H
£2600W | ZE000M | Z6Z00H A _ _ E
ELBO0W | ZEQ00N | BSO00H | 2 THO0H
ELBO0N | FEQTOM | ZEOOON | ZTHOOH | STTOOH
£LE00N | ZE000H | ZTHO0H
ELE00N | ZE000H | STTOOH
FEOTON | ZE000H
FEOTON | ZE000H | STTODN
FEOTON | ZEQ00N | £0000N | STTOOH
FEQTON | 20000H
TOROOW | #FEOTON | L0000W [ STTOOH —
TOS00W | £L0000H
TOS00N | £0000H | STTOOH
TOROOW | L0000 | ZTHO0N | STTOOH
TOS00K | £L0000H | ZTHO0H
ELBO0ON | TOZ00M | ZEODON I 2T#OOH | STTOOH
TOS00N | ZE000H | ZTHO0N
ELB00W | TOS00K | ZEQOON | 2 TRODH
£26000W | TOSOON | FEOTON | ZEQOON | ZTROON | STTOOH
TOB00W | ZE000H
TOS0OW | STTOOH
TOS00N | ZTFOOH | STTOOH
TOS00H | ZTHO0H
ELBO0W | TOS00MW | ZTHOON | STTOOH
£LE00N | TOB00H | ZTHO0H
£LE00N ] TOB00H | STTOOH
ELB00W | TOS00M | PEOTON | 2TRO0OH | STTOON
TOROOH | PEOTON | ZTHOON | STTODH
£4600M | TOB00W | FECTON | 2 THO0H
TOS00N | FEOTOH | 2 THO0N
ELBO0W | TOS00KW | FEQTON | STTOOH
£L600N | TOB00H | FEOTON
TOS00N | FEQTOH | STTOOH
TOS00W | #FEQTOH
ELE00N | FEOTOH | 2THOOH
ELBO0ON | 2 TR0

sequence of estrogen response genes (columns) maps to the promoter sequence of putative estrogen
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Figure 3.3: Heat map of combinations of TFBSs that are significantly found in the promoter
response genes (rows). The more intense the shades of red depict the strength of association in terms

of the calculated p-Value for the combination.



depict the strength of association in terms of the calculated p-value for the
combination. If there is no colour dot, then no association has been made between
the combination and gene. The heat-map has been clustered using hierarchical
clustering with average linkage and Euclidian distance. The heat map depicts
clusters of genes that may be regulated by the same combination/s. Of the 46
combinations identified 45 combinations are present in C2A and form clusters
based on these combinations. Of the 48 genes in C2A all the genes have multiple
combinations present in their promoter sequences except for SFN, JAG2, MSH2,
SDC1 and CTDSPI1. The heat map clearly depicts genes clusters based on multiple

combinations common to the promoter sequences of numerous genes.

As an example, AKAPI3 (Gene ID: 11214), LOXL2 (Gene ID: 4017), TIMP2
(Gene ID: 7077) cluster together and 33 combinations are common between their
promoter sequences. Pathway analysis of these three genes using KEGG (via
DAVID) produced no results. However, a literature survey draws attention to
AKAP13 binding ER in estrogen responsive reproductive tissue. Also,
polymorphisms in the AKAP13 gene have been linked to breast cancer (261).
LOXL2 interacts with Snail to down-regulate CDH1 expression, and control the
embryonic developmental step, EMT and consequently metastasis of epithelial
derived tumours (262). TIMP2 is abundant in the ovarian perifollicular stroma. Its
median level increased in the early ovulatory phase (263). TIMP2 inhibits MMP2
(264). MMP2 is also one of the predicted estrogen responsive gene. Prast et al.,
demonstrated that human chorionic gonadotropin promotes trophoblast invasion
and migration through activation of ERK and AKT signaling involving their

downstream effector MMP2 (265). Gonadotropin-releasing hormone (GnRH), also
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known as Luteinizing-hormone releasing hormone (LHRH), activates
gonadotropin-releasing hormone receptor (GNRHR), a seven transmembrane G-
protein coupled receptor that sequentially lead to the release of follicle stimulating
hormone (FSH) and Luteinizing-hormone (LH) from the anterior pituitary gland
under the influence of the hypothalamus (266). FSH stimulates the growth and
recruitment of immature ovarian follicles in the ovary. As the follicle matures, one
becomes dominant and releases inhibin and estradiol, both of which decrease FSH
production by inhibiting GnRH production in the hypothalamus (267). Overall,

these genes display some link with estrogen and EMT.

Recent 2009 publication verifies that two of the predicted estrogen response
genes are estrogen responsive, namely; Choi ef al., demonstrated that estrogen
induced increased MUCSB expression in human airway epithelial (268) and
Grandas et al., demonstrated estrogen induced increased MMP2 expression in

vascular smooth muscle cells (/88).

3.5 CONCLUSION

These findings provide the research community with combinations of transcription
factor binding sites that can be used to identify estrogen responsive genes of
potential relevance for ESCC and divulge more genes that possibly play a role in
the underlying mechanisms affected by estrogen treatment. Furthermore, this
method for determining genes with hormone responsive elements could be

applicable to other hormone responsive cancers.
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CHAPTER 4

PINPOINTING MASTER REGULATORS OF ESOPHAGEAL CANCER AS
CANDIDATE DIAGNOSTIC MARKERS

4.1 ABSTRACT

Mortality rates associated with EC are very similar to the incidence rates due to the
relatively late stage of diagnosis. A lack of understanding of the transcriptional
underpinning that characterizes EC prevents the effective identification of
candidate diagnostic markers that may enable the detection of EC in the early stage.
In this section, the transcriptional circuitry characterizing ESCC genes extracted

from the DDEC is computationally analyzed to pinpoint putative master regulators

of ESCC.

Key to pinpointing the master regulators is to comprehend that TFs bind to TFBSs
in the gene promoter sequence, thereby driving the expression of the transcripts;
thus, TFs are the regulators. This section, demonstrates how one can
computationally infer the candidate diagnostic markers based on SNPs and ESCC
genes verified with the in vitro biological expression data. Nine master regulators
that include PAXS, TFAP2A, ZIC2, CREBI, E2F1, TFAP2C, E2F3, E2F4 and

TFDP1 were predicted as candidate diagnostic markers.

These findings provide the research community with the master regulators
characterizing ESCC and these can be explored as potential therapeutic targets. We
further identify the presence of a SNP occurring within overrepresented TFBSs of

the master regulators, as this finding increases confidence that such an altered
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TFBS (with the SNP) is a candidate biomarker for ESCC. To my knowledge this is

the first study identifying master regulators for ESCC.

4.2 INTRODUCTION

Gene expression is a multifunctional process influenced by chromatin remodelling
and the interplay between transcription factors (TFs) and DNA sequences
functioning as transcription factor binding sites (TFBSs) (269;270). This
combination of TFs, TFBSs, and affected transcripts, defines the transcription
regulatory networks (TRNs) that are responsible for the regulation of every
transcript encoded in the genome. TFs bind to the TFBSs thereby mediating gene
expression. Numerous factors such as the position of the TFBSs in the promoter
sequence (/92), the presence or absence of co-factors, overlapping TFBSs (/93;
194; 195) and genetic alterations (271;272) may alter the TFs binding affinity or

outright inhibit the TFs binding and consequently gene expression.

Genetic alterations (called polymorphisms) occur at >1% in the human population,
while the impact of most polymorphisms are not known, an abundance of scientific
research demonstrate that certain variants are associated with specific population
groups, disease susceptibility, and individual response to therapeutic treatments and
environmental exposure (273). Common polyphorphisms include tandemly
repeated segments (minisatellite, 0.1-2.0 kb;  microsatellite 2-100 nucleotides),
large and small deletions/insertions/duplications and SNPs. SNPs account for
approximately >90% of all known sequence variants occurring once per 100-300

bases (273,274). SNPs that affect gene expression occur in both the gene coding
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and regulatory regions of the genome. SNPs located in the coding region (cSNPs)
of a gene cause errors in protein folding, polarity shift and improper
phosphorylation (275,276). SNPs located in the gene regulatory region (rSNPs)
such as promoters, enhancers, silencers and introns have been demonstrated to
effect disease susceptibility including acute lung injury (277), breast cancer (278)
and sudden infant death syndrome (279). There are several examples of rSNPs
causing either complete elimination of TFBSs (280) or the formation of a novel
TFBSs that diminishes TF binding capacity or/and introduce a scenario where TFs
compete for the TFBS (281,;282). Susceptability and prognosis of complex diseases
such as cancer is determined by a combination of factors including; a spectrum of
SNPs and environmental factors that cause DNA damage. The high frequency of
stable SNPs makes them excellent biomarkers and drug response is thought to be

dependent on an individual’s SNP profile.

The onset of ESCC has been associated with genetic variations and unfavorable
environmental factors. The PubMed database was queried with keyword
expression: “(SNP AND esophageal squamous cell carcin*) on 31/01/2009 and 25
entries were retrieved. Literature indicates that SNP in the promoter of genes such
as 53BP1 T885G (283), IL10 GI1082A (284), MMPI1 insertion/deletion
polymorphism 2G/1G (285), CDH1 C-160A and G-347GA (286) and MMP-13 A-
77G (287) are not associated with ESCC, whilst SNP such as MMP3
insertion/deletion polymorphism 6A/5A (288), TS 3RC (289), and ARL6IPS G-
76C (290) are strongly associated with ESCC. This result indicates that SNPs that

characterize ESCC has not been extensively researched.
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4.3 METHODOLOGY

4.3.1 OVERVIEW

This study specifically focuses on identifying the master regulators of ESCC and
TFBSs with overlapping single nucleotide polymorphisms (SNPs) that are
presumed to underlie the differences in human biological traits and disease
susceptibility (291,292). A list of 418 differentially expressed ESCC genes and the
associated promoter sequences were extracted as per section 3.3.2. In succession,
the putative TFBSs that characterize these promoter sequences were determined
using position weight matrices (PWMs) from TRANSFAC Professional database
v.11.4 as per section 3.3.5. The hypothesis was that since TFs bind to TFBSs to
drive gene expression, the TFs that bind to the statistically significant TFBSs
mapped to the most promoter sequences are the master regulators or Hub TFs of the
ESCC genes. The hub TFs were then screened for overlapping SNPs. SNPs was
extracted from HapMap (293). The presence of a SNP overlapping the TFBSs will
increase confidence that such an altered TFBS (with the SNP) is a candidate

biomarker for ESCC (294).

4.3.2 EXTRACTING OF THE PROMOTER SEQUENCES OF THE ESCC GENES

As per section 3.3.2

4.3.3 MAPPING TFBS MATRICES TO THE PROMOTER SEQUENCE OF ALL ESCC
GENES

As per section 3.3.5
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4.3.4 DETERMINING THE MASTER REGULATORS OF ESCC

To determine the TFBSs specific to the target set of ESCC promoters, the
overrepresentation index (ORI) was calculated using a background set of 40,101
randomly chosen unique human promoters. This calculation was done by in-house
computer scripts. Readers interested in applying the same filtering process should

contact Vladimir B. Bajic (vlad@orioncell.org). An ORI value of one means no

overrepresentation of the TFBS in the target promoter group compared to the
background set. A greater ORI signifies over representation of the TFBS in the
target promoter group. The one-sided Fisher’s exact test was used to calculate p-
Values for each of the TFBSs predicted and Bonferroni corrections were applied to
all p-values. All TFBSs with an ORI below two and p-values above 0.05 were

filtered out. The remaining TFBS were used to annotate the promoters.

4.3.5 CONSTRUCTING A TRANSCRIPTIONAL REGULATORY NETWORK (TRN)

All network graphics have been produced with cytoscape (226). The networks
comprise TFBS—gene edges. These associations were created by mapping TFBSs
to the promoters of the genes of interest (gene—promoter—TFBS). The green
rectangles in the networks represent TFBS nodes and the orange circles represent
the genes. The TFBS nodes and genes are further linked to eachother by black
edges.

4.3.6 DETERMINING THE TFBS’S WITH OVERLAPPING SNP’S

The SNP analysis was performed utilising 4,766,707 unique SNPs collected from
the HapMap database. All the TFBS predictions were tested for a possible overlap
with one or more SNPs. The absolute chromosomal positions of the TFBS
predictions have been calculated with respect to the positions of the TSS that were

used to define the promoter regions of the genes. An overlap is found if the
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chromosomal position of a SNP falls within the start and stop position of a
predicted TFBS. The above calculations were done by in-house computer scripts.
Readers interested in applying the same filtering process should contact Vladimir

B. Bajic (vlad@orioncell.org).

4.4 RESULTS AND DISCUSSION

As a consequence of gene expression being driven by the cohesive action of
multiple TFs binding to specific TFBSs; the TFs that bind to the statistically
significant TFBSs mapped to the most promoter sequences, thereby driven the
expression of the majority of transcripts involved in ESCC, are the master

regulators or Hub TFs of the ESCC (295,296).

4.4.1 IDENTIFYING THE MASTER REGULATORS ASSOCIATED WITH ESCC

TFBSs matrices were mapped to the promoter sequences of the differentially
expressed ESCC genes as per section 3.3.5. To determine the TFBSs specific to the
target set of ESCC promoters, the ORI were calculated and the one-sided Fisher’s
exact test was used to calculate p-Values for each of the TFBSs predicted and
Bonferroni corrections were applied to all p-values. All TFBSs with an ORI above
2 and p-values below 0.05 were used to annotate the promoter sequences used to
drive the expression of ESCC genes. To infer the gene regulatory network from the
TFBS predictions, this list of TFBSs were expanded to the TFs that bind the motifs,
TFs could thus be connected to genes that have the predicted TFBSs for that TF
(TF—TFBS—gene). Owing to the use of differentially expressed ESCC genes and
the filtering procedure used, 53 385 unique edges that are predominantly active in

ESCC were identified. The combinatorial complexity of a TRN produced from 53
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385 edges makes it impractical to interpret. Nonetheless, it provides valuable
information as different subnetworks of the global TRN define different cellular

states. A subset of the TRN for ESCC is shown in Figure 4.1a

Master regulators may be defined as proteins whose ectopic expression affects a
number of critical components that can mediate the entire developmental process.
Master regulators have been demonstrated to act concurrently and their loss has
been demonstrated to arrest the response in question (297). Since TFs mediate
pathways through the expression of specific downstream genes, the TFs
predominantly driving the expression of ESCC genes are the mater regulators. The
master regulators were determined by expanding the TFBSs used to annotate the
promoter sequences of the ESCC genes to the associated TFs known to bind these
TFBSs (also called Hub TFs). These TFs were ranked by the number of transcripts
each TF regulates (out-degree). The top 10% of most regulating TFs or master

regulators are tabulated in Figure 4.1b.

The most regulating TF, PAXS is predicted to regulate 375 transcripts. This TF has
been demonstrated to play a vital role in B-lineage commitment in the midbrain
development (298), progression of lymphoid development (299) and it has been
demonstrated that PAXS expression is down-regulated in plasma cell differentiation
(300) and up-regulated in low- to intermediate-grade pulmonary neuroendocrine
neoplasms (307/). Chromosomal abnormalities in B-cell precursor acute
lymphoblastic leukemia includes a breakpoint on 9p that results in the partial or
complete deletion of PAXS; consequently it was demonstrated that PAXS

expression was down-regulated along with
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B Out-degree | Gene symbol

375 PAX5
344 TFAP2A
318 ZIC2
318 CREB1
307 E2F1
305 TFAP2C
300 TFDP1
300 E2F4
300 E2F3

Figure 4.1 Putative master regulators for ESCC. A) Subset of the TRN for ESCC for the nine putative master regulators (red)
as central nodes. B) Tabulation of the nine putative master regulators based on the number of transcripts each TF regulates

(out-degree).

66



PAXS target genes such as EBF1, ALDH1A1, ATP9A, and FLT3 (302). Another
study demonstrated that this chromosomal breakpoint results in unbalanced
translocation of PAXS that leads to the formation of fusion genes; the PAXS gene
was rearranged to a variety of partner genes including ETV6, FOXP1, AUTS2, and
C200rf112 in pediatric acute lymphoblastic leukemia (ALL). The expression of the
PAXS fusion products were demonstrated to suppress the PAXS transcriptional
activity (303). Additionally, PAXS5 expression was not detected in ESCC (304).

The second most regulating TF, TFAP2A is predicted to regulate 344
transcripts. This TF plays a vital role in vertebrate development (305) and
transformation (306). Reduced expression of TFAP2A has been demonstrated in
numerous cancer types including cervical cancer (307), breast cancer (308), colon
cancer (309) and prostate cancer (3/0). It has been demonstrated that loss of
TFAP2A expression in clear cell renal cell carcinoma is owing to hypermethylation
of this tumor suppressor gene (3717). It has also been demonstrated that TFAP2A
reduces chemotherapy-induced apoptosis, migration, motility whilst increasing cell
adhesion (307); and inhibits the growth of cells by inducing cell cycle arrest and
apoptosis (312). Loss of TFAP2A has also been demonstrated as a marker of early
stage human gliomas as normal brain tissue and grade 2 astrocytomas maintained
TFAP2A expression in all tissue (100%), whilst TFAP2A expression is lost in most
grade 3 anaplastic astrocytomas and grade 4 glioblastomas (98-99%) (373). To my
knowledge the role of TFAP2A in ESCC was not investigated to date.

The third most regulating TF, ZIC2 is predicted to regulate 318 transcripts.
This TF has not been extensively studied but is known to play a vital role in
mammalian development. It has been demonstrated that loss of ZIC2 expression

causes holoprosencephaly (HPE) in humans and mice (3/4,315). ZIC2 mutant mice
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showed additional abnormalities, including spina bifida, axial/limb skeletal
malformation, retinal axon mis-projection, and reduced production of neural crest
cells (315). Reduced ZIC2 expression has also been correlated with poor clinical
outcome of pediatric medulloblastomas owing to the hypermethylation of this gene
(316). ZIC2 was investigated as a possible ESCC tumor antigen, however, ZIC2
expression was not significantly differential in ESCC patients compared to healthy
controls (317).

The fourth most regulating TF, CREBI is predicted to regulate 318
transcripts. This TF plays a vital role in cellular growth, proliferation and
oncogenesis and is responsible for more than 5000 target genes (3/8). It has been
demonstrated that CREBI1 is frequently overexpressed in ovarian cancer (3/9),
breast cancer (320), duodenal cancer (327) and acute myeloid leukemia (322). Loss
of heterozygosity (LOH) and internal tandem duplications (ITD) of the CREBI1
gene have been shown to be frequent genetic events in human ESCC (323). The
genetic alteration hot spot was identified in close proximity (within 40 kb) of a 13-
kb chromosomal translocation breakpoint of CBP that has been reported earlier in
leukemia. These genetic abnormalities have been associated with intrachromosomal
recombination including CBP-MLL, CBP-MOZ, and CBP-MORF translocations
found in leukemia patients (324-326).

The fifth most regulating TF, E2F1 is predicted to regulate 307 transcripts.
This TF is a member of the E2F family plays a crucial role in cell proliferation
(327), apoptosis (328) and differentiation (329). It has been demonstrated that E2F1
is frequently overexpressed in ovarian cancer (330), oral squamous cell carcinoma
(331), non-small-cell Iung cancer (NSCLC) (332), clear cell renal cell carcinoma

(ccRCC) (333) and gastric cancer (334). Gastric cancer tissue were also screened
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for mutations in the E2F1 gene, mutations were not detected for E2F1 gene (334).
E2F1 over-expression was also detected in ESCC (335;336) and E2F1
amplification was detected in ESCC and correlates with a significantly lower
survival rate (337).

The sixth most regulating TF, TFAP2C is predicted to regulate 305
transcripts. This TF plays a vital role in development (338). It has been
demonstrated that TFAP2C expression is frequently reduced in breast cancer (339).
However, increased expression of TFAP2C was observed in breast cancer patients
resistant to anti-hormone therapy as it contributes to failure of cells to growth arrest
(340). TFAP2C expression was also demonstrated in neuroblastoma and increased
expression was correlated with tumour grade (347). To my knowledge the role of
TFAP2C in ESCC was not investigated to date.

The seventh most regulating TF, TFDPI is predicted to regulate 300
transcripts. This TF plays a vital role in cell cycle progression and cell growth. It
was demonstrated that SOCS3 and ARF binds TFDP1 thereby inhibiting
E2F/TFDP-1 transcriptional activity and consequently cell cycle progression and
cell growth under E2F/TFDP-1 control (342,;343). TFDP1 was found to be over-
expressed in hepatocellular carcinomas (HCC) (344). Comparative genomic
hybridization (CGH) revealed frequent amplification at 13q34, in HCC and ESCC.
Genes such as TFDP1, CUL4A and CDC16 showed distinct amplification in this
region for HCC (345). Over-expression of TFDP1 may thus contribute to the
progression of these cancer types by promoting growth of the tumor cells. It has
also been demonstrated that TFDP1 and E2F1, E2F2, and E2F3 form a
transcriptionally active heterodimer that is required for nuclear localization. Unlike

E2F1, E2F2, and E2F3; E2F4 did not accumulate in the nucleus unless it
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heterodimerized with TFDP2, p107 and p130. RB binds these heterodimers thereby
preventing cell cycle progression. (346,347).

The eighth and ninth most regulating TFs, E2F3, and E2F4 are predicted to
regulate 300 transcripts. These TFs are also members of the E2F family that play
distinctive roles in differentiation and proliferation (329). It has been demonstrated
that E2F3 is significantly over-expressed in retinoblastoma (348) and small cell
lung cancers (SCLC) (349). Also, Amplification and over-expression of the E2F3
gene at 6p22 in human bladder cancer is associated with increased tumor stage and
grade, and in prostate cancer E2F3 over-expression is linked to tumor
aggressiveness (350,351). It has also been demonstrated that E2F1, E2F2, and
E2F3 transcribes the mir-17-92, suggesting an autoregulatory feedback loop
between E2F factors and the mir-17-92 cluster. A member of the mir-17-92 cluster,
miR-20a, modulates the translation of the E2F2 and E2F3 mRNAs. Over-
expression of this miRNA has been demonstrated to decreases apoptosis in prostate
cancer cell lines (352). E2F4 was demonstrated to drive the expression of most
genes involved in cellular quiescence (353). Mutations of the E2F4 gene were
detected in hereditary non-polyposis colorectal cancer (HNPCC) and sporadic
colorectal cancer (CRC) and E2F4 is considered to play an important role in this
carcinogenic process (354). E2F4 acts in cooperation with pRB to restrain cell
proliferation. It was demonstrated that reduction in E2F4 expression delayed the
development, and reduced the incidence, of Rb mutant tumors in the pituitary
(355). To my knowledge the role of E2F3 and E2F4 in ESCC was not investigated

to date.
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The literature is summarized in Table 4.1. Literature provides evidence that PAXS,
TFAP2A, ZIC2 and TFAP2C are actively involved in normal development and are
generally down-regulated in numerous cancer types. In fulfilling this function they
maintain a homeostatic environment by protecting the cell against foreign objects
and aberrant cell growth, as a consequence their dysregulated expression is
restricted to early stage cancers as demonstrated for PAXS5 and TFAP2A by Sica et
al. and Heimberger et al., respectively. Literature provides further evidence that
CREBI, TFDP1, E2F1, E2F3, and E2F4 are actively involved in proliferation and
the E2F family members are also involved in differentiation and have been
demonstrated to be regulated by miRNAs in an auto-regulatory feedback loop.
CREBI, TFDP1, E2F1, E2F3, and E2F4 are generally up-regulated driving aberrant
cell growth in numerous cancer types and the increased expression of TFDP1, E2F1
and E2F3 is associated with genetic amplifications. Knowledge of which master
regulators are up-regulated and down-regulators provided an idea of the transition
that has taken place in the TRN for normal esophagus compared to the TRN for

ESCC.

Additionally, these master regulator matrices mapped to the promoter sequences of
the differentially expressed ESCC genes allows for the identification of co-
expressed genes. An overview of the regulatory effects of the master regulators on
the differentially expressed ESCC genes is shown in Figure 4.2. Figure 4.2
represents each association in Figure 4.1A, in the form of a colour dot in a heat map
format using TMEV (259,356). The heat-map has been clustered using hierarchical

clustering with average linkage and Euclidian distance.
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Table 4.1: Summary of the literature review for the putative master regulators.

TF Expression status | Mutations type Expression Literature
cancer types status in ESCC
PAXS down-regulated deletion down-regulated | Kawamata et al. 2008
TFAP2A | down-regulated hypermethylation | — -
CREBI up-regulated LOH and ITD up-regulated So et al. 2004
ZIC2 down-regulated hypermethylation | normal Shimada et al. 2005
E2F1 up-regulated amplification up-regulated Yamazaki et al. 2005
TFAP2C | down-regulated — - -
E2F3 up-regulated amplification — -
E2F4 up-regulated T T -
TFDP1 up-regulated amplification B -
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Figure 4.2 Heat map of the master regulators matrices (columns) maps to the promoter sequence of
differentially expressed ESCC genes (rows). The different shades of red depict the strength of
association in terms of the calculated ORI for the matrices. If there is no colour dot, then no

association has been made between the matrix and gene.
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All of the differentially expressed ESCC genes had at least one master regulator
matrix mapped to the promoter sequence. Figure 4.2 displays clusters of genes that
are regulated by the same combinations of master regulators, 316 differentially
expressed ESCC genes had 5 to 9 matrix combinations mapped to the promoter
sequence. The genes that did not have 5 to 9 combinations of master regulator
matrices mapped to the promoter sequences displayed mapping for the down-
regulated master regulators that generally drive the developmental processes.
However, the matrices for the up-regulated master regulators that are known to
drive carcinogenesis display less pronounces mapping. Indicating that these genes
may be up-regulated downstream in the activated pathways or the expression is

driven by another combination of up-regulated TFs.

4.4.2 ALTERED TFBSS USED TO INCREASE CONFIDENCE IN THE NINE
MASTER REGULATORS AS CANDIDATE DIAGNOSTIC MARKERS FOR ESCC

The presence of a SNP occurring within over-represented TFBSs for master
regulators may increase confidence that such an altered TFBS (with the SNP) is a

candidate biomarker for ESCC (357).

For this SNP analysis, all the TFBS predictions (determined in section 3.3.5) were
tested for a possible overlap with one or more SNPs. A total of 4,766,707 unique
SNPs were extracted from the HapMap database. The absolute chromosomal
positions of each TFBS prediction had been calculated with respect to the positions
of the TSSs that were used to define the promoter regions of the genes. An overlap
was defined by the chromosomal position of a SNP mapping within the start and

stop position of the predicted TFBSs.
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Of the 4,766,707 unique SNPs, 259 SNPs mapped within the predicted TFBSs (see
appendix IV). Of the 259 unique SNPs overlapping TFBSs, 70 were identified as
binding domains for the putative master regulators (see Table 4.2). These results
indicate that 27.03% (70/259) of the identified SNPs overlap TFBSs that are
binding domains for the putative master regulators (see Figure 4.2). The 70 TFBSs
with SNPs include, 35 TFBSs that bind PAXS5, 9 TFBSs that bind either TFAP2A
or TFAP2C (TFAP2A + 2C), 11 TFBSs that bind ZIC2, 11 TFBSs that bind
CREBI and 9 TFBSs that bind E2F family members and TFDP1 (E2F + DP) (see
Figure 4.3). Thus, 71,43% of the TFBSs with SNPs are motifs for the master
regulators (PAXS, TFAP2A, ZIC2 and TFAP2C) known to be down-regulated in
numerous cancer types. Additionally, 50% of the TFBSs with SNPs are motifs that
bind PAXS, indicating that the TRN of this master regulator of developmental
processes may likely be transformed in ESCC. The up-regulated master regulators
are characterized by 29% of the TFBSs with SNPs, indicating that certain
underlying processes driven by these master regulators in the normal ESCC tissue

are inhibited or adjusted.
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Figure 4.3: Histograms representing the distribution of TFBSs with SNPs for the master regulators.

Master regulators down-regulated (blue) and up-regulated (red) in numerous cancer types.
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Table 4.2: TFBSs with overlapping SNPs

Gene SNP
TSS ID TSSStart Strand | SequenceStart | SequenceStop | RefSNP ID SNP 5ition Source
T18F00347AEA 7050 3439338 | + 3439039 3439053 | rs8090978 A/G 3439046 | ../snp/forward/non-redundant/genotypes_chr18_YRI_r27_nr.b36_fwd.txt
T20R033E16A6 6790 54400678 | - 54401025 54401011 | rs2104015 A/G 54401019 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T12F0323C141 3225 52674881 | + 52674735 52674749 | rs4759316 A/G 52674740 | ../snp/forward/non-redundant/genotypes_chr12_YRI_r27_nr.b36_fwd.txt
TO8ROOC94BFB 10395 13192187 | - 13192559 13192545 | rs7013667 A/G 13192552 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T11F0217D992 960 35117458 | + 35117648 35117655 | rs3751031 A/G 35117652 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24 nr.b36.txt
TO2RO09FAB95 4953 10464149 | - 10464612 10464601 | rs3771134 C/T 10464611 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
T22F0267A678 2547 40347256 | + 40347196 40347210 | rs132770 A/G 40347210 | ../snp/forward/non-redundant/genotypes_chr22_YRI_r27_nr.b36_fwd.txt
T15F050034C5 11214 83899589 | + 83898783 83898797 | rs12442369 | C/T 83898796 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
T11F00106482 4583 1074306 | + 1073942 1073956 | rs11245935 | C/T 1073946 | ../snp/forward/non-redundant/genotypes_chrl11_YRI_r27_nr.b36_fwd.txt
T16F033936C4 4313 54081220 | + 54081039 54081053 | rs17242473 | A/G 54081046 | ../snp/forward/non-redundant/genotypes_chrl6_YRI_r27_nr.b36_fwd.txt
T11R00203EC8 3481 2113224 | - 2113116 2113102 | rs3213225 c/T 2113112 | ../snp/reverse/non-redundant/genotypes_chrll_JPT_r24 nr.b36.txt
T11R01ED6902 7490 32336130 | - 32337118 32337091 | rs7118294 c/T 32337097 | ../snp/forward/non-redundant/genotypes_chrl1l_YRI_r27_nr.b36_fwd.txt
TO3RO0CO5A1D 5894 12605981 | - 12606883 12606856 | rs7637824 A/C 12606865 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO9F0766CBF3 5742 | 124177395 | + 124177455 124177482 | rs10306133 | C/T 124177465 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
TO1FOAD047C6 3918 | 181422022 | + 181421916 181421943 | rs2276543 A/G 181421928 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T11F00108922 4583 1083682 | + 1083702 1083729 | rs7944723 C/G 1083710 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T15F05C8D01D 3480 97046557 | + 97045825 97045852 | rs1317460 G/T 97045839 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
TO1ROD7ACD43 7483 | 226151747 | - 226152520 226152493 | rs10127974 | A/G 226152497 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T15F03CFC853 8766 63948883 | + 63948777 63948804 | rs12909265 | C/G 63948777 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
TO8RO0OA2115F 83595 10621279 | - 10621636 10621609 | rs10100209 | C/T 10621622 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T18R0O06BB679 | 284217 7059065 | - 7059373 7059346 | rs7238600 A/G 7059358 | ../snp/forward/non-redundant/genotypes_chr18_YRI_r27_nr.b36_fwd.txt
T11F041F6031 595 69165105 | + 69164266 69164293 | rs3212860 A/T 69164288 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO7F0348F5A8 1956 55113128 | + 55112813 55112840 | rs9642564 A/G 55112828 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
TOAFO47FAS7E 2069 75449726 | + 75449794 75449821 | rs6836436 G/T 75449794 | ../snp/forward/non-redundant/genotypes_chr4_YRI_r27_nr.b36_fwd.txt
T20F01D672D4 1789 30831316 | + 30830622 30830649 | rs6058884 A/G 30830632 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
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T10R003A27CE 1316 3811278 3811565 3811538 | rs17731 A/G 3811561 | ../snp/forward/non-redundant/genotypes_chrl0_YRI_r27_nr.b36_fwd.txt
TO9F055621E6 1514 89530854 89530659 89530686 | rs3118869 A/C 89530683 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T19F029D1069 81 43847785 43847698 43847725 | rs3786835 A/G 43847720 | ../snp/forward/non-redundant/genotypes_chrl9_YRI_r27_nr.b36_fwd.txt
T20F003867FE 994 3696638 3695978 3696005 | rs2295346 A/C 3695992 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T11R002029A6 3481 2107814 2108644 2108617 | rs3802971 C/T 2108628 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
TO3RO2F15DF3 387 49372659 49372747 49372720 | rs11552757 | C/T 49372746 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
TO9R021779C1 30968 35092929 35093143 35093116 | rs2298310 A/C 35093117 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T20R02283F93 7052 36192147 36192298 36192271 | rs2076378 c/T 36192272 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T17R01DC8DF5 6352 31231477 31232320 31232293 | rs4239253 C/T 31232303 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
TO9F0554EF7C 1612 89452412 89452459 89452486 | rs1927975 c/T 89452483 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T20R02284781 7052 36194177 36194454 36194427 | rs2076386 A/G 36194428 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T16R004A5922 5493 4872482 4872684 4872657 | rs1049223 A/G 4872660 | ../snp/forward/non-redundant/genotypes_chr16_YRI_r27_nr.b36_fwd.txt
T11R00203EC8 3481 2113224 2113740 2113713 | rs3213219 c/T 2113726 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO8F08915B2E 8000 | 143743790 143743417 143743444 | rs754957 A/G 143743418 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T14F04759734 2353 74815284 74815184 74815211 | rs4645852 A/C 74815200 | ../snp/forward/non-redundant/genotypes_chrl4_YRI_r27_nr.b36_fwd.txt
TOXR09252298 2539 | 153428632 153429307 153429280 | rs5986992 A/C 153429301 | ../snp/forward/non-redundant/genotypes_chrX_YRI_r27_nr.b36_fwd.txt
TO2ROCDFD2D4 2335 | 215995092 215995746 215995719 | rs16854041 | A/G 215995742 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TOSROABAO043F 2324 | 179962943 179963756 179963729 | rs11739750 | C/T 179963737 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO3R03DA74A0 56999 64648352 64648857 64648830 | rs6789298 c/T 64648855 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO3ROASAD10A 8743 | 173723914 173724460 173724433 | rs3136586 A/G 173724453 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
T14R05401820 11099 88086560 88086772 88086745 | rs891751 C/T 88086770 | ../snp/reverse/non-redundant/genotypes_chrl4_YRI_r24_nr.b36.txt
TO2R0900C475 390 | 151045237 151045093 151045082 | rs1528429 c/T 151045088 | ../snp/reverse/non-redundant/genotypes_chr2_YRI_r24_nr.b36.txt
TO3F01844198 5915 25444760 25443840 25443851 | rs9827454 A/G 25443850 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T15F03A4E791 7168 61138833 61138535 61138546 | rs4238372 A/G 61138541 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
TO5F09F51304 57451 | 167056132 167056301 167056308 | rs898172 C/T 167056303 | ../snp/reverse/non-redundant/genotypes_chr5_YRI_r24_nr.b36.txt
TO3F00950821 4968 9766945 9766950 9766958 | rs1801126 G/T 9766953 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO8FO7ADOFF8 4609 | 128819192 128818917 128818925 | rs4645954 A/G 128818920 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T16F035A03F9 9289 56230905 56230961 56230969 | rs3760061 A/G 56230961 | ../snp/forward/non-redundant/genotypes_chrl6_YRI_r27_nr.b36_fwd.txt
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TO5FO8E8SD7A0 1044 | 149477280 149477363 149477371 | rs246391 c/T 149477370 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO6R0989C054 6648 | 160022612 160022705 160022697 | rs5746141 A/G 160022700 | ../snp/reverse/non-redundant/genotypes_chr6_YRI_r24_nr.b36.txt
TO3R0O0COB214 5894 12628500 12628582 12628574 | rs3730268 C/T 12628578 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
TO6F01D86475 780 30958709 30958556 30958561 | rs1264327 C/T 30958561 | ../snp/reverse/non-redundant/genotypes_chr6_YRI_r24_nr.b36.txt
TO5F009D37D1 22948 10303441 10302790 10302795 | rs2548551 G/T 10302790 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO9RO51CFI6F 3190 85784943 85785554 85785549 | rs296890 G/T 85785551 | ../snp/reverse/non-redundant/genotypes_chr9_YRI_r24_nr.b36.txt
TO8F0285ADA4 5423 42315172 42315119 42315132 | rs2307155 A/C 42315132 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO9RO51CF6BF 3190 85784255 85784901 85784886 | rs296887 c/T 85784890 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T10F07D2423C 4255 | 131220028 131219103 131219114 | rs7900620 G/T 131219110 | ../snp/forward/non-redundant/genotypes_chr10_JPT_r27_nr.b36_fwd.txt
TO3F00950B65 4968 9767781 9767402 9767417 | rs3219001 C/T 9767417 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TOXR0924A9F6 2539 | 153397750 153398734 153398719 | rs5986989 A/G 153398725 | ../snp/forward/non-redundant/genotypes_chrX_YRI_r27_nr.b36_fwd.txt
T11R00203166 3481 2109798 2110776 2110761 | rs3741214 A/G 2110767 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO2ROCE00838 2335 | 216008760 216008730 216008715 | rs1250259 A/T 216008727 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO1R08ADD126 51205 | 145608998 145609327 145609312 | rs2353522 A/G 145609315 | ../snp/reverse/non-redundant/genotypes_chrl_YRI_r24_nr.b36.txt
T11RO1EE8567 7490 32408935 32409510 32409496 | rs10742277 | C/G 32409501 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T02F06522C1D 84417 | 106048541 106048030 106048044 | rs755651 C/T 106048032 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
T20R01C6508C 598 29773964 29774103 29774089 | rs6087772 c/T 29774094 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
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These master regulators altered TFBSs may contribute to the TRN that
characterizes ESCC. However, it must be acknowledged that eventhough the
control regions of these master regulators were not in the scope of this study, the
differential expression of the master regulators in numerous cancer types indicate
that characterizing these control regions are also crucial to understanding the
altered TRN of ESCC. To date the differential expression of these master
regulators have been attributed to chromosomal translocation, hypermethylation

and amplification (see Table 4.1), but none have been attributed to SNPs.

4.5 CONCLUSION

This study pinpoints key master regulators for ESCC and provide the possible
stimulus of the observed dysregulated expression, as the TFBSs that binds the
master regulators have overlapping SNPs. These putative TFBSs with SNPs
provide a stepping stone to identify key changes in the TRN, as TFBSs with SNPs
will not only affect the binding capacity of the TF but may even abolish its binding
entirely and/or allow for the binding of a different TF thereby changing the TRN
profile. Furthermore, the presence of a SNP occurring within overrepresented
TFBSs further increase confidence that such an altered TFBS (with the SNP) may

be a successful biomarker for ESCC.
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CHAPTER 5

CONCLUSION, PITFALLS AND PROMISES

The overall objective of this project was to develop a novel comprehensive ESCC
database as an integrated knowledge base aimed at representing a gateway to ESCC
related data, in an attempt to enhance the scientific research process that is currently
hampered by a wealth of scattered research data. More importantly, two
illustrations are provided of how the biocurated genes in the database may represent
a reliable starting point for divulging transcriptional regulation, diagnostic markers

and the biology related to ESCC.

The Dragon Database of Genes Implicated in Esophageal Cancer (DDEC) was
successfully developed and is freely accessible for academic and non-profit users at

http://apps.sanbi.ac.za/ddec/. The ESCC genes were further used to develop a

method that identifies combinations of TFBSs that characterize estrogen responsive
genes. This method allowed for the prediction of 47 novel estrogen responsive
genes, of which two were verified in current 2009 publications. The ESCC genes
were additionally used to identify the master regulators (PAXS, TFAP2A, ZIC2,
CREBI, E2F1, TFAP2C, TFDP1, E2F3 and E2F4) as candidate diagnostic markers

for ESCC.

Although this study was adequate to develop a method to identify estrogen response
genes and putative candidate diagnostic markers, shortcomings make the straight

forward analysis difficult, namely: 1/ the limited number of differentially expressed
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ESCC genes; 2/undefined promoter regions (358); and 3/ non-exhaustive sets of
TFBS and ERE models. Currently, promoter regions are identified by determination
of the transcription start site (TSS). The core promoter region is defined as the
region proximal to the TSS and is required for normal gene transcription regulation.
The exact span of nucleotides making up the core promoter varies from study to
study, and from gene to gene. There is no agreed upon definition regarding core
promoter size. However, many authors report that trans-regulators tend to target
cis-regulatory motifs within the first 2Mb upstream of the TSS (359). In this study,
the promoter sets were defined to be -1200nt upstream and +200nt downstream of
identifiable TSSs. The detection of EREs and TFBSs are dependent on the limited
number of matrices derived from known experimental data. Thus, our ability to
detect complete lists of EREs and TFBSs is restricted by a non-exhaustive set of
models (360;361). Additionally, the analysis of the SNPs are limited as the
overlapping SNPs could be identified but the SNP could not be verified as the

promoter sequences extracted were not sequences from ESCC.

In conclusion this study has demonstrated the prediction of novel estrogen response
gene and candidate diagnostic markers through the exploitation of the ESCC genes
and provides a method for determining hormone responsive genes that could be
applicable to other hormone responsive cancers. Furthermore, the circumstantial
and imperical evidence presented here suggests that these findings may present a

reliable starting point for the development of screens for novel therapeutic targets.
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APPENDIX I: Esophageal cancer genes with ERE predictions

Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
TT-GGTCA-GGC-TGGTC-

ABL1 25 | TO9FO7E6FAFC CO9FO7E6FAFC chr9 + 132578044 132576844 132578244 13 3 1047 634 | TC known
TT-GGTCA-GGC-TGGTC-

ABL1 25 | TO9FO7E6FBCC | CO9FO7E6FBCC chr9 + 132578252 132577052 132578452 37 9 865 426 | TC known
TT-GGTCA-GGC-TGGTC-

ABL1 25 | TO9FO7E6FBFD | CO9FO7E6FBFD chr9 + 132578301 132577101 132578501 9 6 809 377 | TC known
TT-GGTCA-GGC-TGGCC-

ACTN4 81 | T19F029CFFE2 C19F029CFFE2 chr19 + 43843554 43842354 43843754 7 3 -13383 726 | TT new
GG-GGCCA-GAG-TGGCC-

ACTN4 81 | T19F029D9BDC | C19F029D9BDC | chrl9 + 43883484 43882284 43883684 39 14 -53316 | 1058 | TG new
AA-GGGCA-AGG-TGGCT-

ACTN4 81 | T19F029DBE32 | C19F029DBE32 | chr19 + 43892274 43891074 43892474 10 8 -62100 | 1179 | GA new
GA-GGTCA-CTG-TGACT-

ACTN4 81 | T19F029DDOCO | C19F029DDOCO | chrl9 + 43897024 43895824 43897224 6 3 -66842 | 1268 | CT new
AG-TGTCA-GCC-TGCCC-

ANXA2 302 | T15R037B8B75 | C15R037B8B75 | chrl5 - 58428277 58428077 58429477 7 7 -1616 928 | TG new
CG-GCTCA-CTG-CGACC-

APC 324 | TO5F06B00439 CO5F06B00439 chr5 + 112198713 112197513 112198913 5 3 -97226 394 | TC new
AA-GGTCC-TTC-TGTCC-

ATM 472 | T11F0669D4A8 | C11F0669D4A8 | chrll + 107599016 107597816 107599216 55 3 -182 562 | AG new
TT-GGTCA-GGC-TGGTC-

BAX 581 | T19F033A5DEB | C19F033A5DEB | chr19 + 54156779 54155579 54156979 9 7 -6850 57 | TT new
GA-AGTCA-ACA-TGCCT-

BCL2 596 | T18R0383753E C18R0383753E | chr18 - 58946878 58946678 58948078 33 11 -5298 | 1240 | GC new
TT-GGTCA-GGC-TGGTC-

BCL2L1 598 | T20R01C5892A | C20R01C5892A | chr20 - 29722922 29722722 29724122 8 5 -6980 380 | TT new
TG-AGTCA-TTG-TGCCC-

BCL2L1 598 | T20R01C5892A | C20R01C5892A | chr20 - 29722922 29722722 29724122 8 5 -6980 458 | GG new
TT-GGTCT-TGT-TGCCC-

BMP6 654 | TO6F007686F4 CO6F007686F4 chré + 7767796 7766596 7767996 5 5 -95787 686 | AG new
AA-GGTGG-GGC-TGGCC-

BMP6 654 | TO6F0076E486 CO6F0076E486 chr6 + 7791750 7790550 7791950 7 3 -119739 40 | CC new
CA-GGTGA-GTC-TGACT-

CALR 811 | T19F00C5082D | C19F00C5082D | chrl9 + 12912685 12911485 12912885 41 6 -2210 | 1303 | CA new
GT-GGTCT-CTG-TGGTC-

RUNX3 864 | TO1R017FF283 CO1R017FF283 chrl - 25162371 25162171 25163571 6 6 -63707 132 | TC new
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Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
TG-GGTCT-GCC-TGCCT-

RUNX3 864 | TO1RO17FF283 CO1R017FF283 chrl - 25162371 25162171 25163571 6 6 -63707 | 1117 | GC new
CA-AATCA-CCA-TGACC-

CDC2 983 | T10FO3B498BF C10F03B498BF chrl0 + 62167231 62166031 62167431 7 6 38459 | 1048 | TA new
AA-GGCCA-CTC-CACCC-

CDC25B 994 | T20F00383158 C20F00383158 chr20 + 3682648 3681448 3682848 6 4 41753 | 1134 | CC new
CT-GGTCC-ATA-TGACT-

CDC25B 994 | T20FO038F8EC C20F0038F8EC chr20 + 3733740 3732540 3733940 6 6 -9339 113 | GC new
CA-GGGCA-CGG-TGGCC-

CDH1 999 | T16F04039AE1 C16F04039AE1 chrl6 + 67345121 67343921 67345321 38 23 -16425 | 1324 | GA new

CDKN1A 1026 | TO6F0230D425 C06F0230D425 chré + 36754469 36753269 36754669 774 483 3 605 | AA-AATCA-TTC-TGGCC-TC | new
CA-GGGCA-GTG-TGCCT-

CDX1 1044 | TOS5F08E92640 CO5F08E92640 chr5 + 149497408 149496208 149497608 139 86 29145 442 | GG new
TG-GGTCT-GGG-TGCCT-

CLU 1191 | TO8RO1A3FB63 | CO8R01A3FB63 | chr8 - 27523939 27523739 27525139 22 8 -13551 | 1357 | GT new
TG-GGTCT-GGT-TGCCC-

CLDN4 1364 | TO7F04581C3F CO7F04581C3F chr7 + 72883263 72882063 72883463 358 75 -132 903 | CC new
CC-GGTCC-GTG-TGACT-

CSTB 1476 | T21R029FB389 C21R029FB389 chr21 - 44020617 44020417 44021817 154 11 -2323 914 | CG new
AA-GGTGG-CTC-TAGCC-

CTNNA1 1495 | TOS5FO83B7FCD | CO5F083B7FCD | chr5 + 138117069 138115869 138117269 504 56 22 185 | TG new
CC-GGTCG-CGC-TGCCT-

CTNNB1 1499 | TO3F0274EA18 CO3F0274EA18 chr3 + 41216536 41215336 41216736 6 3 -532 | 1029 | CT new
CG-GGACA-CTT-TGCCC-

CTSD 1509 | T11R001A5981 | C11R001A5981 | chrill - 1726849 1726649 1728049 5 3 3730 252 | TG new
CG-GGACA-CTT-TGCCC-

CTSD 1509 | T11RO01A59B6 | C11R001A59B6 | chrll - 1726902 1726702 1728102 5 3 3682 305 | TG new
GG-GGTCA-GAC-CAGCC-

CTSD 1509 | T11RO001A6B3F | C11R001A6B3F | chril - 1731391 1731191 1732591 9 3 -810 11 | CT new
AT-GGTCA-GCC-CGACC-

DAB2 1601 | TO5R0259A87B | CO5R0259A87B | chr5 - 39430267 39430067 39431467 7 3 -21747 | 1320 | AA new
GC-AGTCA-CAG-TGACT-

NQO1 1728 | T16R0412730C | C16R0412730C | chrl6 - 68317964 68317764 68319164 769 272 -17134 736 | CA known
AA-GATCA-GCC-TGGCC-

DNMT1 1786 | T19RO09AB2EO | C19RO009AB2EO | chrl9 - 10138336 10138136 10139536 13 4 -33267 445 | AA new
GA-GGGCA-GGA-TGACT-

DSP 1832 | TO6F0072B44E CO6F0072B44E chré + 7517262 7516062 7517462 7 4 -30393 | 1156 | CT new
CA-GGACA-CAT-TGTCC-

EFNB2 1948 | T13R06511B39 C13R06511B39 | chrl3 - 105978681 105978481 105979881 6 4 -38567 400 | CT new
GC-GGTCT-CGA-TGGCC-

EFNB2 1948 | T13R06512E8E C13R06512E8E chrl3 - 105983630 105983430 105984830 13 10 -43518 346 | GA new
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Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
GG-GGTCA-GCC-TGCCC-

EGFR 1956 | TO7F0347ACD5 | CO7F0347ACD5 | chr7 + 55028949 55027749 55029149 5 5 25270 776 | TA new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03480EB7 C07F03480EB7 chr7 + 55054007 55052807 55054207 21 5 215 853 | TC new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03480EEA CO7F03480EEA | chr7 + 55054058 55052858 55054258 5 4 161 802 | TC new
GG-GGTCA-GCC-TGCCC-

EGFR 1956 | TO7F0347ACD5 | CO7F0347ACD5 | chr7 + 55028949 55027749 55029149 5 5 25270 776 | TA new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03480EB7 CO7F03480EB7 chr7 + 55054007 55052807 55054207 21 5 215 853 | TC new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03480EEA CO7F03480EEA | chr7 + 55054058 55052858 55054258 5 4 161 802 | TC new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03480F7D | CO7F03480F7D | chr7 + 55054205 55053005 55054405 589 65 66 655 | TC new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F0348102B C07F0348102B chr7 + 55054379 55053179 55054579 7 4 -143 481 | TC new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03481051 C07F03481051 chr7 + 55054417 55053217 55054617 58 10 -192 443 | TC new
GC-GGGCA-CGG-CGACC-

EGFR 1956 | TO7F03481158 C07F03481158 chr7 + 55054680 55053480 55054880 15 3 -443 180 | TC new
TT-GGTCG-CAC-GGGCC-

EPHA2 1969 | TO1RO0F98B55 | CO1RO0F98B55 | chrl - 16354133 16353933 16355333 9 3 -30695 612 | TC new
CA-GGTGA-CAA-TAGCC-

ENO3 2023 | TO1R00870718 | CO1R00870718 | chrl - 8849176 8848976 8850376 5 3 -5507 205 | TG new
TT-GGTCA-GGC-TGGTC-

ERCC2 2068 | T19R0303913C | C19R0303913C | chrl9 - 50565436 50565236 50566636 11 5 -18733 396 | TT new
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254EQ0A0 | C21F0254EQAQ0 | chr21 + 39116960 39115760 39117160 11 5 -17212 923 | AC new
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E128 C21F0254E128 chr21 + 39117096 39115896 39117296 24 7 -17368 787 | AC new
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E24F C21F0254E24F chr21 + 39117391 39116191 39117591 20 8 -17655 492 | AC new
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E2D4 | C21F0254E2D4 | chr21 + 39117524 39116324 39117724 9 3 -17804 359 | AC new
TG-AGTCA-TGC-CAACC-

MDS1 2122 | TO3ROA26D0OB7 | CO3ROA26D0B7 | chr3 - 170315959 170315759 170317159 6 4 -30695 182 | CG new
AA-GGTTA-GCA-CAACC-

MDS1 2122 | TO3ROA26D50C | CO3ROA26D50C | chr3 - 170317068 170316868 170318268 5 3 -31787 266 | AC new
TG-AGTCA-TGC-CAACC-

MDS1 2122 | TO3ROA26D50C | CO3ROA26D50C | chr3 - 170317068 170316868 170318268 5 3 -31787 | 1291 | CG new
GC-GGTCC-TGC-TGGCC-

FGF4 2249 | T11R0421678A | C11R0421678A | chrll - 69298058 69297858 69299258 7 3 -1063 265 | TT new
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Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
TA-GGTCA-CTG-CAGCC-

FGFR4 2264 | TO5FOA843489 | CO5F0A843489 | chr5 + 176436361 176435161 176436561 6 6 10166 32 | TC new

- CA-GGTGA-AAT-TAACC-

FHIT 2272 | TO3R03A24F58 | CO3R03A24F58 | chr3 - 60968792 60968592 60969992 66 39 | 1258696 | 1270 | TG new

FLT1 2321 | T13R01AA206D | C13R01AA206D | chrl3 - 27926637 27926437 27927837 32 24 -152830 190 | TA-GGTCT-CTA-TGATC-CA | new
TG-GGTCA-GGC-TGGTC-

FN1 2335 | TO2ROCDFC7B3 | CO2ROCDFC7B3 | chr2 - 215992243 215992043 215993443 364 103 -58795 322 | TC new
AA-GGTGG-AGG-TGACC-

FN1 2335 | TO2ROCDFDEBD | CO2ROCDFDEBD | chr2 - 215998141 215997941 215999341 23 5 -64646 357 | TC new
CA-GGACA-TCG-TGACC-

GAPDH 2597 | T12F0063651F C12F0063651F chri2 + 6513951 6512751 6514151 93 20 66 456 | TT new
CA-GGACA-TCG-TGACC-

GAPDH 2597 | T12F00636637 C12F00636637 chrl2 + 6514231 6513031 6514431 21 3 -297 176 | TT new
AT-GGTCA-CTG-TGTCC-

GATA4 2626 | TOBFOOBOA470 | CO8FO0BOA470 | chr8 + 11576432 11575232 11576632 5 3 22731 624 | CC new
CA-GGCCA-CAG-CAACC-

GATA4 2626 | TO8FOOBODOSC | CO8FO0BODO9C | chr8 + 11587740 11586540 11587940 60 55 11423 148 | TG new
CC-GGTCT-ACG-TGCCC-

GATA6 2627 | T18F0112BFD1 | C18F0112BFD1 | chrl8 + 18005969 18004769 18006169 12 3 -2526 891 | AC new
GA-GGCCA-TCC-TGTCC-

SFN 2810 | TO1F019CD661 | CO1F019CD661 | chrl + 27055713 27054513 27055913 10 6 6507 504 | CC new
AG-GGTCT-CAT-TGGCC-

GPX3 2878 | TO5FO8F6BD67 | CO5FO8F6BD67 | chr5 + 150388071 150386871 150388271 9 4 -7878 573 | CA new
CA-GGTGG-TCG-GGACT-

GRB7 2886 | T17F02184FDB | C17F02184FDB | chrl?7 + 35147739 35146539 35147939 49 3 22 958 | CT new
CA-GGTGG-TCG-GGACT-

GRB7 2886 | T17F02185167 C17F02185167 chrl7 + 35148135 35146935 35148335 118 21 -364 562 | CT new
CA-GGACA-GAC-CGACC-

HIC1 3090 | T17F001D11FB | C17F001D11FB | chrl?7 + 1905147 1903947 1905347 215 93 -106 | 1235 | GG new
CA-GGACA-GAC-CGACC-

HIC1 3090 | T17F001D1223 | C17F001D1223 | chrl?7 + 1905187 1903987 1905387 8 4 -169 | 1195 | GG new
CT-GGTCA-TGG-CGCCC-

HLA-C 3106 | TO6RO1DF9F64 | CO6RO1DFIF64 | chrb - 31432548 31432348 31433748 10 5 -2899 838 | CG new
CA-GGGCA-CAC-CAGCC-

HOXC4 3221 | T12F03246972 C12F03246972 chri2 + 52717938 52716738 52718138 63 11 -20980 282 | CC new
AA-GATCA-ACA-CGACC-

HOXC4 3221 | T12F03246972 C12F03246972 chri2 + 52717938 52716738 52718138 63 11 -20980 857 | TC new
CA-GGGCA-CAC-CAGCC-

HOXC4 3221 | T12F032469A6 | C12F032469A6 | chrl2 + 52717990 52716790 52718190 23 9 -21081 230 | CC new
AA-GATCA-ACA-CGACC-

HOXC4 3221 | T12F032469A6 | C12F032469A6 | chrl2 + 52717990 52716790 52718190 23 9 -21081 805 | TC new
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Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
TG-GGTCT-CTC-TGCCT-

HOXC9 3225 | T12F0323C141 C12F0323C141 chri2 + 52674881 52673681 52675081 66 5 5268 | 1352 | GA new
TT-GGTCA-CGC-TGGTC-

HSPA4 3308 | TOS5FO7E4C83C CO5F07E4C83C chr5 + 132433980 132432780 132434180 11 6 -18407 266 | TT new
GG-GGTCT-TTC-TGCCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 638 | AG new
GA-GGCCA-GCG-CAGCC-

ID1 3397 | T20F01CA8AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1110 | CC new
CA-GGGCA-GGG-TGGCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 325 | AG new
AA-GGTCC-ACC-TGCCT-

ID1 3397 | T20F0O1C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 406 | CC new
TT-GGTCA-ATG-CAGCC-

ID1 3397 | T20FO1CA8AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1050 | CT new
TT-GGTCA-GGA-CAGCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1037 | CA new
TT-AGTCA-GGC-TGATC-

ID1 3397 | T20F0O1CA8AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 744 | TC new
TG-AGTCA-GGC-TGCCC-

ID1 3397 | T20F0O1C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1235 | CG new
GA-CGTCA-AAC-TGCCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 897 | TC new
TT-GGTCA-GGC-TGGTC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 520 | TC known
AA-AGCCA-AAG-TGACC-

ID1 3397 | T20F0O1CA8AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 37 | AA new
CG-GGTCA-TGG-CGCCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1291 | CG new
AG-AGTCA-CCC-TGGCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1033 | CG new
AA-GGTCA-CGG-TGGCC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 794 | AC known
CA-CGTCA-CTG-TGACC-

ID1 3397 | T20F0O1CA8AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 850 | TA new
CT-GGTCC-TCC-TGACT-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 | 1287 | GG new
AG-GGGCA-TGT-TGACC-

ID1 3397 | T20F01C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 58 | CA new
GA-GGACA-GAA-TGCCC-

ID1 3397 | T20F0O1CA8AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 332 | TC new
GC-AGTCA-CCG-TGGTC-

ID1 3397 | T20F0O1C48AB7 | C20F01C48AB7 | chr20 + 29657783 29656583 29657983 13 3 -1029 906 | CT new
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Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
CC-AGTCA-CAG-TGGCT-

IGF1R 3480 | T15FO5CCO41F C15F05CCO41F chrl5 + 97256479 97255279 97256679 5 3 -246191 233 | CA new

IGF1R 3480 | T15F05CC12C5 | C15F05CC12C5 | chrl5 + 97260229 97259029 97260429 9 9 -249941 | 1284 | TT-GGTCT-CCT-TGTCC-TT | new

IGF1R 3480 | T15F05CC17A8 | C15F05CC17A8 | chrl5 + 97261480 97260280 97261680 5 4 -251192 33 | TT-GGTCT-CCT-TGTCC-TT | new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R00203063 | C11R00203063 | chrll - 2109539 2109339 2110739 21 4 -2579 477 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R002030C6 | C11R002030C6 | chrll - 2109638 2109438 2110838 40 14 -2692 576 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R0020310A | C11R0020310A | chrll - 2109706 2109506 2110906 31 7 -2736 644 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R0020313A | C11R0020313A | chrll - 2109754 2109554 2110954 25 13 -2808 692 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R00203166 | C11R00203166 | chrll - 2109798 2109598 2110998 17 13 -2852 736 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R00203190 | C11R00203190 | chrll - 2109840 2109640 2111040 20 4 -2873 778 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R00203254 | C11R00203254 | chrll - 2110036 2109836 2111236 2060 468 -2918 974 | TG new
TG-AGTCA-AAT-TGGCC-

IGF2 3481 | T11R002032EE C11R002032EE chrll - 2110190 2109990 2111390 338 76 -3183 | 1128 | TG new
CA-GGTCT-ATC-TGACT-

IL6R 3570 | TO1F09192B5F C01F09192B5F chrl + 152644447 152643247 152644647 23 5 -102 654 | GC new
CA-GGTCT-ATC-TGACT-

IL6R 3570 | TO1F09192BAD | CO01F09192BAD | chrl + 152644525 152643325 152644725 42 3 -176 576 | GC new
CT-GGCCA-ACG-TGACC-

PDX1 3651 | T13F01A208FB | C13FO1A208FB | chrl3 + 27396347 27395147 27396547 8 3 -4167 423 | CC new
TT-GGTCA-GGC-TGGTC-

ITGA6 3655 | TO2FOAS50A70A | CO2FOAS50A70A | chr2 + 173057802 173056602 173058002 7 3 -57186 387 | TC known
TT-GGTCA-GGC-TGGTC-

ITGA6 3655 | TO2FOA50A76A | CO2FOAS50A76A | chr2 + 173057898 173056698 173058098 32 8 -57258 291 | TC known
TT-GGTCA-GGC-TGGTC-

ITGA6 3655 | TO2FOAS50A87B | CO2FOAS50A87B | chr2 + 173058171 173056971 173058371 18 8 -57512 18 | TC known
CA-GCTCA-GCC-TGCCC-

JAG2 3714 | T14R063C89CC | C14R063C89CC | chrl4 - 104630732 104630532 104631932 9 7 48407 230 | TC new
CC-AGTCA-AGC-CACCC-

JAG2 3714 | T14R063C89CC | C14R063C89CC | chrl4d - 104630732 104630532 104631932 9 7 48407 793 | CA new
GT-AGTCA-GCT-TGGCC-

CD82 3732 | T11F02A6FE32 C11F02A6FE32 chrll + 44498482 44497282 44498682 17 9 45235 116 | TG new
TG-GGTCA-GGC-TGGCC-

KDR 3791 | TO4R0350F74B | CO4R0350F74B | chrd - 55637835 55637635 55639035 6 6 1590 | 1294 | TT new
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GA-GGCCA-CGC-CGACC-

KIT 3815 | TO4F034A92C1 | CO4F034A92C1 | chrd + 55218881 55217681 55219081 378 97 112 547 | AA new
GG-AGTCA-TCC-TGGCC-

KRT13 3860 | T17R02333152 | C17R02333152 | chrl? - 36909394 36909194 36910594 58 58 1382 813 | TC new
AA-GGTCA-GCC-TGCCC-

LAMC2 3918 | TO1FOAD047C6 | CO1FOADO47C6 | chrl + 181422022 181420822 181422222 190 20 79 363 | AA new
AT-GGTCT-CAG-TGACC-

LCN2 3934 | TO9FO7BEE741 CO9F07BEE741 chr9 + 129951553 129950353 129951753 37 10 -13 380 | TC new
CA-GGGGA-TGC-TGACC-

LOXL2 4017 | TO8R016224CB | CO8R016224CB | chr8 - 23209163 23208963 23210363 6 5 1211 | 1128 | CA new
GA-GGCCA-TGG-TGGTC-

LOXL2 4017 | TO8R01628357 | CO8R01628357 | chr8 - 23233367 23233167 23234567 15 8 -22988 | 1169 | TG new
CA-GAGCA-AGT-TGCCC-

LOXL2 4017 | TO8R01628357 | CO8R01628357 | chr8 - 23233367 23233167 23234567 15 8 -22988 | 1335 | TG new
GA-GGCCA-TGG-TGGTC-

LOXL2 4017 | TO8RO16283A7 | CO8R016283A7 | chr8 - 23233447 23233247 23234647 5 3 -23069 | 1249 | TG new
GA-GGCCA-TGG-TGGTC-

LOXL2 4017 | TO8R016283C8 | CO8R016283C8 | chr8 - 23233480 23233280 23234680 6 4 -23106 | 1282 | TG new
GG-CGTCA-TGA-TGCCC-

LOXL2 4017 | TO8RO162B82E | CO8R0162B82E | chr8 - 23246894 23246694 23248094 15 4 -36520 969 | TG new
GG-CGTCA-TGA-TGCCC-

LOXL2 4017 | TO8RO162B8AD | CO8R0162B8AD | chr8 - 23247021 23246821 23248221 10 4 -36626 | 1096 | TG new
TT-GGTCA-GGC-TGGTC-

TACSTD1 4072 | TO2F02D40719 | CO2F02D40719 | chr2 + 47449881 47448681 47450081 64 7 118 546 | TC known
TT-GGTCA-GGC-TGGTC-

TACSTD1 4072 | TO2F02D40762 | CO2F02D40762 | chr2 + 47449954 47448754 47450154 516 162 21 473 | TC known
TG-AGTCA-TAA-TGCCC-

MCM4 4173 | TO8FO2EC40A7 | CO8F02EC40A7 | chr8 + 49037479 49036279 49037679 12 5 -1431 263 | CA new
GA-GGTCC-GGA-TGATC-

MDM2 4193 | T12FO405CD2F | C12F0405CD2F | chrl2 + 67489071 67487871 67489271 15 5 -802 986 | GC new
CA-GGGCA-CAA-TGTCC-

MET 4233 | TO7FO6EC9654 CO7FO06EC9654 chr7 + 116168276 116167076 116168476 6 3 -68580 781 | CT new
CC-AGTCA-GGC-TGACC-

MGAT5 4249 | TO2F0807A47B | CO2F0807A47B | chr2 + 134718587 134717387 134718787 10 5 7051 78 | CA new
GG-GGCCA-TTT-TGGCC-

MGAT5 4249 | TO2FO807A47B | CO2F0807A47B | chr2 + 134718587 134717387 134718787 10 5 7051 642 | TG new
CA-GGCCA-TAT-TGGTC-

MGAT5 4249 | TO2FO8090E08 C02F08090E08 chr2 + 134811144 134809944 134811344 6 6 -85506 | 1075 | TC new
CA-GGGCA-TGG-CAACC-

MKI67 4288 | T10RO7BC8C6D | C10R07BC8C6D | chrl0 - 129797229 129797029 129798429 22 11 -12296 464 | TT new
CC-AGTCA-TTA-CAACC-

MKI67 4288 | T10RO7BC8C6D | C10R07BC8CED | chrl0 - 129797229 129797029 129798429 22 11 -12296 | 1357 | AG new
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GG-GGTCT-TTG-TGACC-

MMP2 4313 | T16F03390C37 C16F03390C37 chrl6 + 54070327 54069127 54070527 28 6 286 676 | TC new
GG-GGTCT-TTG-TGACC-

MMP2 4313 | T16F03390C5D | C16F03390C5D | chrl6 + 54070365 54069165 54070565 234 20 240 638 | TC new
GG-GGTCT-TTG-TGACC-

MMP2 4313 | T16F03390D53 | C16F03390D53 | chrl6 + 54070611 54069411 54070811 7890 1816 77 392 | TC new
CA-GGTGA-TCT-TGACC-

MMP2 4313 | T16F03391C2C | C16F03391C2C | chrl6 + 54074412 54073212 54074612 6 4 -3823 | 1214 | AG new
TT-AGTCA-GGC-TGGTC-

MSH2 4436 | TO2F02D48712 | CO2F02D48712 | chr2 + 47482642 47481442 47482842 19 18 1125 656 | TC new
GT-GGTCG-CCG-TGGCC-

MSH2 4436 | TO2F02D48B97 | CO2F02D48B97 | chr2 + 47483799 47482599 47483999 543 43 72 | 1125 | GG new
TT-GGTCA-GGC-TGGTC-

MT3 4504 | T16F0349FE8D C16F0349FEBD | chrl6 + 55180941 55179741 55181141 56 29 -169 340 | TC known
CA-GGGCA-GGC-TGCCT-

MUC2 4583 | T11FOOOFFOA6 C11FOOOFFOA6 chrll + 1044646 1043446 1044846 6 3 20229 70 | GG new
CA-GGTGA-ACC-TGCCC-

MUC2 4583 | T11FO00105A6B | C11F00105A6B | chrll + 1071723 1070523 1071923 71 18 -6780 596 | CA new
CA-GGTGA-ACC-TGCCC-

MUC2 4583 | T11FO0105A9E C11FO0105A9E | chrll + 1071774 1070574 1071974 10 4 -6888 545 | CA new
AA-GGTGG-GTG-GGACC-

MUC2 4583 | T11F00105E29 C11F00105E29 chrll + 1072681 1071481 1072881 32 7 -7759 899 | CA new
AA-GGTGG-GTG-GGACC-

MUC2 4583 | T11F00106014 C11F00106014 chrll + 1073172 1071972 1073372 68 6 -8188 408 | CA new
AA-GGTGG-GTG-GGACC-

MUC2 4583 | T11F0010618D | C11F0010618D | chrll + 1073549 1072349 1073749 20 3 -8674 31 | CA new
GG-GGTCC-AGC-TGTCC-

MUC2 4583 | T11F00106A1D | C11F00106A1D | chrll + 1075741 1074541 1075941 24 3 -10866 | 1161 | TG new
GG-GGTCC-AGC-TGTCC-

MUC2 4583 | T11FO0106AE1 C11FO0106AE1 | chrll + 1075937 1074737 1076137 13 3 -11060 965 | TG new
GG-GGTCC-AGC-TGTCC-

MUC2 4583 | T11F00106B33 C11F00106B33 chrll + 1076019 1074819 1076219 50 9 -11105 883 | TG new
TC-CGTCA-GGC-TGCCC-

MUC2 4583 | T11F001096FD | C11F001096FD | chrll + 1087229 1086029 1087429 41 12 -22353 | 1286 | TA new
TT-GGTCA-GGC-TGGTC-

MUC4 4585 | TO3ROBBDC7A3 | CO3ROBBDC7A3 | chr3 - 196986787 196986587 196987987 6 3 -27425 769 | TC known
CT-GGTCC-CCA-TGGCC-

MUC6 4588 | T11RO00F6745 C11RO00F6745 chrll - 1009477 1009277 1010677 6 4 -6638 174 | CT new
CT-GGTCC-CCA-TGGCC-

MUC6 4588 | T11RO00F6A1D | C11RO00F6A1D | chrll - 1010205 1010005 1011405 15 7 -7366 902 | CT new
TT-GGTCA-GGC-TGGTC-

NFKB1 4790 | TO4F062D7027 | CO4F062D7027 | chrd + 103641127 103639927 103641327 5 4 391 163 | TC known
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TT-GGTCA-GGC-TGGTC-

NFKB1 4790 | TO4F062D70B7 | CO4F062D70B7 | chr4 + 103641271 103640071 103641471 23 7 282 19 | TC known
AA-GGTGG-AGG-GGACC-

NFKB1 4790 | TOAF062E9997 CO4F062E9997 chrd + 103717271 103716071 103717471 5 3 -75750 | 1138 | GG new
AA-GATCA-GGT-CACCC-

NOS2A 4843 | T17R016143A8 | C17R016143A8 | chrl7 - 23151528 23151328 23152728 12 8 -43573 868 | AC new
CA-GGTCA-CTG-CAACC-

NP 4860 | T14F013149F1 C14F013149F1 chrl4 + 20007409 20006209 20007609 57 30 8 112 | TC new
AA-GGTGA-GAA-TGGCC-

0GG1 4968 | TO3FO09506EC CO3F009506EC chr3 + 9766636 9765436 9766836 431 44 -888 418 | CA new
AA-GGTGA-GAA-TGGCC-

0GG1 4968 | TO3F00950821 C03F00950821 chr3 + 9766945 9765745 9767145 136 8 -1224 109 | CA new
GG-GGTCG-GGA-TGGCC-

PBX1 5087 | TO1F09B4110C | CO1F09B4110C | chrl + 162795788 162794588 162795988 9 3 -226 | 1133 | GG new
AA-GGGCA-GGC-TGGCC-

PECAM1 5175 | T17R0390211C | C17R0390211C | chrl?7 - 59777308 59777108 59778508 10 3 -23147 648 | TG new
TT-GGTCA-GGC-TGGTC-

PECAM1 5175 | T17R0390BECF | C17R0390BECF | chrl?7 - 59817679 59817479 59818879 7 3 -63511 493 | TC known
AA-GGACA-AGC-CAACC-

PPL 5493 | T16R004A5922 | C16R004A5922 | chrl6 - 4872482 4872282 4873682 5 3 49 622 | AC new
TT-GGTCA-GGC-TGGTC-

MAPK3 5595 | T16RO1CA66BE | C16RO1CA66BE | chrl6 - 30041790 30041590 30042990 23 4 -8820 154 | TC known
TT-GGTCA-GGC-TGGTC-

PTPN1 5770 | T20F02E4F8B1 C20F02E4F8B1 chr20 + 48560305 48559105 48560505 698 84 7 161 | TC known
GA-GGTCC-CTC-TGCCC-

RARA 5914 | T17F0221073D | C17F0221073D | chrl?7 + 35718973 35717773 35719173 23 7 14 348 | CT new
AG-TGTCA-CCG-TGACC-

RARA 5914 | T17F02213EF7 C17F02213EF7 chrl7 + 35733239 35732039 35733439 5 5 -14267 230 | CA new
TT-GGTCA-GGC-TGGTC-

RARB 5915 | TO3FO184DAEC | CO3FO184DAEC | chr3 + 25484012 25482812 25484212 38 8 -39246 83 | TC known
TT-GGTCG-GGC-TGGTC-

RBL2 5934 | T16F03198981 C16F03198981 chrl6 + 52005249 52004049 52005449 6 4 20652 | 1353 | TC new
CC-AGTCA-CCC-TGCCC-

RELA 5970 | T11R03E25271 C11R03E25271 | chrll - 65163889 65163689 65165089 8 5 14522 909 | TG new
GG-GGTGA-GTG-TGGCC-

RELA 5970 | T11R03E29B2D | C11R03E29B2D | chrll - 65182509 65182309 65183709 18 5 -4082 59 | TG new
GG-GGTGA-GTG-TGGCC-

RELA 5970 | T11R03E29C52 | C11R03E29C52 | chrll - 65182802 65182602 65184002 17 6 -4388 352 | TG new
GG-GGTGA-GTG-TGGCC-

RELA 5970 | T11R03E29DFF | C11RO3E29DFF | chrll - 65183231 65183031 65184431 9 3 -4813 781 | TG new
CA-AGTCA-GAT-TGTCC-

RXRA 6256 | TO9F08217724 CO9F08217724 chr9 + 136410916 136409716 136411116 17 16 -52685 859 | TG new
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GA-GGTCG-ATA-GGACT-

S100A10 6281 | TO1RO8F45E53 CO1RO8F45E53 chrl - 150232659 150232459 150233859 8 3 -10624 476 | CC new
GA-GGTCG-ATA-GGACT-

S100A10 6281 | TO1RO8FAS5F62 CO1R08FA5F62 chrl - 150232930 150232730 150234130 184 30 -10859 747 | CC new
TT-GGTCC-TAA-TGCCT-

SDC1 6382 | TO2R01353CC3 | CO2R01353CC3 | chr2 - 20266179 20265979 20267379 11 3 -2117 363 | GG new
TT-GGTCC-TAA-TGCCT-

SDC1 6382 | T0O2R01353DBC | C02R01353DBC | chr2 - 20266428 20266228 20267628 5 3 -2370 612 | GG new
AA-GGTCT-TTA-TGACC-

SKIL 6498 | TO3FOA396CBC | CO3FOA396CBC | chr3 + 171535548 171534348 171535748 24 18 22660 | 1136 | TG new
GG-GGTCC-TGG-TGGTC-

FSCN1 6624 | TO7FO0556EFD CO7FO0556EFD | chr7 + 5598973 5597773 5599173 1564 819 21 574 | TT new
GG-GGTCG-GGG-TGTCC-

FSCN1 6624 | TO7FO0556EFD CO7F00556EFD | chr7 + 5598973 5597773 5599173 1564 819 21 917 | GA new
GA-GGGCA-TTT-TGGCC-

SRC 6714 | T20F021C47E4 C20F021C47E4 chr20 + 35407844 35406644 35408044 45 4 -1238 999 | TG new
GA-GGGCA-TTT-TGGCC-

SRC 6714 | T20F021C4838 C20F021C4838 chr20 + 35407928 35406728 35408128 176 29 -1416 915 | TG new

SRP54 6729 | T14F020EC227 C14F020EC227 chrl4 + 34521639 34520439 34521839 35 6 398 799 | CT-GGTCA-ATC-TACCC-CC | new

SRP54 6729 | T14F020EC352 C14F020EC352 chri4 + 34521938 34520738 34522138 309 42 72 500 | CT-GGTCA-ATC-TACCC-CC | new
TA-GGCCA-TCC-CAGCC-

STAT3 6774 | T17R02400D8B | C17R02400D8B | chrl?7 - 37752203 37752003 37753403 10 4 -33295 486 | TG new
CA-GGTCT-GGC-TGGCC-

AURKA 6790 | T20R033E16A6 | C20R033E16A6 | chr20 - 54400678 54400478 54401878 35 4 -22750 | 1005 | GT new
TT-GGTCA-GGC-TGGTC-

TERF2 7014 | T16R040D3FB6 | C16R040D3FB6 | chrl6 - 67977142 67976942 67978342 42 10 -30020 631 | TC known
TT-GGTCA-GGC-TGGTC-

TERF2 7014 | T16R040D4055 | C16R040D4055 | chrl6 - 67977301 67977101 67978501 384 19 -30177 790 | TC known
CG-GGTCA-GCC-CAACC-

TERT 7015 | TO5R0013C2D7 | CO5R0013C2D7 | chr5 - 1295063 1294863 1296263 11 4 11236 41 | CC new
GA-GGGCA-GAT-TGTCC-

TGM2 7052 | T20R02283F93 C20R02283F93 chr20 - 36192147 36191947 36193347 6 4 -1851 | 1004 | AG new
GA-AGTCA-ACC-TGGTC-

TGM3 7053 | T20F00228137 C20F00228137 chr20 + 2261303 2260103 2261503 6 4 -36628 704 | CT new
CA-GGACA-CTA-TGGCC-

TIMP2 7077 | T17R046EABAC | C17RO46EABAC | chrl?7 - 74361676 74361476 74362876 16 4 -1001 690 | TG new
CA-GGACA-CTA-TGGCC-

TIMP2 7077 | T17R046EAB7F | C17RO46EAB7F | chrl?7 - 74361727 74361527 74362927 20 9 -1053 741 | TG new
CA-GGACA-CTA-TGGCC-

TIMP2 7077 | T17RO046EAC82 | C17RO46EAC82 | chrl?7 - 74361986 74361786 74363186 56 20 -1301 | 1000 | TG new
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CA-GGACA-CTA-TGGCC-

TIMP2 7077 | T17R046EACAC | C17RO46EACAC | chrl?7 - 74362028 74361828 74363228 8 4 -1354 | 1042 | TG new
TT-GGTCA-GGC-TGGTC-

TPM1 7168 | T15F03A4D4F8 | C15F03A4D4F8 | chrl5 + 61134072 61132872 61134272 14 5 -12163 266 | TC known
CT-GGTCT-CCA-TGCCC-

TPM1 7168 | T15F03A4D4F8 | C15F03A4D4F8 | chrl5 + 61134072 61132872 61134272 14 5 -12163 579 | AG new
CC-AGTCA-CTC-CAGCC-

VEGFA 7422 | TO6F029DO6FA | CO6F029DO6FA | chré + 43845370 43844170 43845570 6 3 561 920 | TG new
CC-AGTCA-CTC-CAGCC-

VEGFA 7422 | TO6F029D086D | CO6F029D086D | chr6 + 43845741 43844541 43845941 5 3 191 549 | TG new
CC-AGTCA-CTC-CAGCC-

VEGFA 7422 | TO6F029D0926 CO06F029D0926 | chr6 + 43845926 43844726 43846126 | 14045 3244 37 364 | TG new
TT-GGTCA-GGC-TGGTC-

VHL 7428 | TO3F009B0605 CO3F009B0605 chr3 + 10159621 10158421 10159821 6 4 -1302 813 | TC known

VHL 7428 | TO3F009B0605 C03F009B0605 chr3 + 10159621 10158421 10159821 6 4 -1302 | 1344 | AA-GGTGA-TTT-TACCC-CT | new
GC-AGTCA-TGC-CGTCC-

EZR 7430 | TO6R097C10CE CO6R097C10CE | chr6 - 159125710 159125510 159126910 21 4 -18900 614 | TC new
AA-GGTTA-AGG-TGACC-

VIM 7431 | T10F0108240B C10F0108240B chrl0 + 17310731 17309531 17310931 10 5 573 190 | GA new

WNT7B 7477 | T22R02A9FF20 C22R02A9FF20 chr22 - 44695328 44695128 44696528 11 7 1007 670 | CT-GGTCC-TTT-TACCC-TG | new
GA-GGTCT-GCG-TGTCC-

WT1 7490 | T11RO1EE8567 C11RO1EE8567 chrll - 32408935 32408735 32410135 10 4 -43008 | 1266 | GG new
GA-GGTCT-GGT-TGTCC-

XRCC5 7520 | TO2FOCEA6C29 CO2FOCEA6C29 chr2 + 216689705 216688505 216689905 8 5 -7325 | 1030 | TG new
TT-GGTCA-GGC-TGGTC-

YES1 7525 | T18RO00B9COB | C18RO0O0BICOB | chrl8 - 760843 760643 762043 5 4 -49234 862 | TT new
AA-AGTCA-CAG-CGACT-

PRDM2 7799 | TO1FO0D55012 C01F00D55012 chrl + 13979666 13978466 13979866 11 5 -75727 739 | CA new
TT-GGTCA-GGC-TGGTC-

RAB11A 8766 | T15F03CFD712 C15F03CFD712 chrl5 + 63952658 63951458 63952858 5 3 -3808 572 | TC known
GA-GGCCA-GCT-CACCC-

CRLF1 9244 | T19R011B5610 | C19R011B5610 | chrl9 - 18568720 18568520 18569920 7 4 -3653 161 | TG new
GA-GGCCA-GCT-CACCC-

CRLF1 9244 | T19R011B566F C19R011B566F chrl9 - 18568815 18568615 18570015 38 6 -3718 256 | TG new
CA-GGTGA-GTC-TGGCC-

GPR56 9289 | T16F0359B808 C16F0359B808 chrl6 + 56211464 56210264 56211664 32 6 22 824 | CA new
AG-GGTCA-GGT-TGGCC-

GPR56 9289 | T16F0359B808 C16F0359B808 chrl6 + 56211464 56210264 56211664 32 6 22 | 1059 | CC new
CA-AGCCA-GTG-TGGCC-

DLEC1 9940 | TO3F0245814A CO3F0245814A chr3 + 38109514 38108314 38109714 32 7 -53813 | 1253 | TC new

96




Gene Symbol Gene ID TSS CTSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Tags RepTags | Distance: Sequence Pattern
CA-GGGCA-GGG-TGCCT-

HS35T2 9956 | T16FO15AEOB8 | C16FO15AEOB8 | chrl6 + 22732984 22731784 22733184 248 45 378 854 | GC new
TG-GGTCT-GTC-TGGTC-

HS3ST2 9956 | T16FO15AEOB8 | C16FO15AEOB8 | chrl6 + 22732984 22731784 22733184 248 45 378 880 | TG new
GG-GGTCA-GCC-CAGCC-

NDRG1 10397 | TOSBRO801A109 | CO8RO801A109 | chr8 - 134324489 134324289 134325689 5 3 -5873 | 1123 | TC new
TA-GGTCA-CTG-TGGTC-

AKAP13 11214 | T15F0503078B C15F0503078B chrl5 + 84084619 84083419 84084819 8 6 -359744 834 | TT new
AT-AGTCA-GGT-CAGCC-

CADM1 23705 | T11RO6D3F6E4 | C11R06D3F6E4 | chrll - 114554596 114554396 114555796 54 18 -4346 736 | CC new
CT-GGCCA-AAC-TGCCC-

GAPDHS 26330 | T19F026D32A1 | C19F026D32A1 | chrl9 + 40710817 40709617 40711017 5 3 5387 28 | TG new
AA-AGCCA-CTT-TGACC-

PABPC1 26986 | TO8R061164DC | CO8R061164DC | chr8 - 101803228 101803028 101804428 10 3 -18861 14 | AA new
TG-AGTCA-CCG-TGCCC-

PRRX2 51450 | TO9FO7D6641E | CO9F07D6641E | chr9 + 131490846 131489646 131491046 5 3 -23105 801 | GG new
GA-GATCA-GCC-TGACC-

SBNO1 55206 | T12R074B39D3 | C12R074B39D3 | chrl2 - 122370515 122370315 122371715 10 8 -24088 58 | AA new
TG-GGTCT-GGC-TGCCC-

CTDSP1 58190 | TO2FODOD4708 | CO2FODOD4708 | chr2 + 218973960 218972760 218974160 15 9 -1238 | 1123 | CG new
CT-GGTCC-CAG-TGACT-

OSR1 130497 | TO2R01283138 | C02R01283138 | chr2 - 19411256 19411056 19412456 53 5 3515 172 | GT new
GT-GGTCT-CCC-TGCCC-

OSR1 130497 | TO2R01283138 | CO2R01283138 | chr2 - 19411256 19411056 19412456 53 5 3515 | 1037 | GC new
TG-GGTCT-CTC-TGCCC-

MARCH8 220972 | T10R02B4ES5B9 | C10R02B4ES5B9 | chrl0 - 45409721 45409521 45410921 7 4 -136877 945 | CG new
TG-GGTCT-CTC-TGCCC-

MARCH8 220972 | T10R02B4E65E | C10R02B4E65E | chrl0 - 45409886 45409686 45411086 31 28 -137044 | 1110 | CG new
TG-GGTCT-CTC-TGCCC-

MARCH8 220972 | T10R02B4E6DD | C10R02BAE6DD | chrl0 - 45410013 45409813 45411213 245 26 -137118 | 1237 | CG new
GA-GGCCA-CAC-CACCC-

MUC5B 727897 | T11F001252E8 C11F001252E8 chrll + 1200872 1199672 1201072 920 139 187 61 | GA new
AA-GAGCA-TGG-TGCCC-

MUC5B 727897 | T11F001252E8 C11F001252E8 chrll + 1200872 1199672 1201072 920 139 187 | 1117 | TG new
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APPENDIX II: ESCC genes categorized by predictions and experimental proof

Category C1: predicted estrogen responsive ESCC genes with experimental proof verifying estrogen responsiveness.

S;n:iol GenelD | TSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Promotersize I:;asl RepTags | Distance: E’zsition ERE Pattern

ABL1 25 | TO9FO7E6FAFC chr9 + 132578044 132576844 132578244 1400 13 3 1047 634 | TT-GGTCA-GGC-TGGTC-TC known | pattern
ABL1 25 | TO9FO7E6FBCC | chr9 + 132578252 132577052 132578452 1400 37 9 865 426 | TT-GGTCA-GGC-TGGTC-TC | known | pattern
ABL1 25 | TO9FO7E6FBFD chr9 + 132578301 132577101 132578501 1400 9 6 809 377 | TT-GGTCA-GGC-TGGTC-TC known | pattern
ANXA2 302 | T15R037B8B75 chrl5 - 58428277 58428077 58429477 1400 7 7 -1616 928 | AG-TGTCA-GCC-TGCCC-TG new pattern
APC 324 | TO5F06B00439 | chr5 + 112198713 112197513 112198913 1400 5 3 -97226 394 | CG-GCTCA-CTG-CGACC-TC | new pattern
BCL2 596 | T18R0383753E chrl8 - 58946878 58946678 58948078 1400 33 11 -5298 1240 | GA-AGTCA-ACA-TGCCT-GC new pattern
BCL2L1 598 | T20R01C5892A | chr20 - 29722922 29722722 29724122 1400 8 5 -6980 380 | TT-GGTCA-GGC-TGGTC-TT | new pattern
BCL2L1 598 | T20R01C5892A | chr20 - 29722922 29722722 29724122 1400 8 5 -6980 458 | TG-AGTCA-TTG-TGCCC-GG | new pattern
CbC2 983 | T10F03B498BF | chrl0 + 62167231 62166031 62167431 1400 7 6 38459 1048 | CA-AATCA-CCA-TGACC-TA | new pattern
CDKN1A 1026 | TO6F0230D425 | chr6 + 36754469 36753269 36754669 1400 774 483 3 605 | AA-AATCA-TTC-TGGCC-TC new pattern
CDX1 1044 | TO5FO8E92640 chr5 + 149497408 149496208 149497608 1400 139 86 29145 442 | CA-GGGCA-GTG-TGCCT-GG | new pattern
CLU 1191 | TO8RO1A3FB63 | chr8 - 27523939 27523739 27525139 1400 22 8 -13551 1357 | TG-GGTCT-GGG-TGCCT-GT | new pattern
CLDN4 1364 | TO7F04581C3F | chr7 + 72883263 72882063 72883463 1400 358 75 -132 903 | TG-GGTCT-GGT-TGCCC-CC | new pattern
CTNNA1 1495 | TO5F083B7FCD | chr5 + 138117069 138115869 138117269 1400 504 56 22 185 | AA-GGTGG-CTC-TAGCC-TG | new pattern
CTNNB1 1499 | TO3F0274EA18 chr3 + 41216536 41215336 41216736 1400 6 3 -532 1029 | CC-GGTCG-CGC-TGCCT-CT new pattern
CTSD 1509 | T11R001A5981 chrll - 1726849 1726649 1728049 1400 5 3 3730 252 | CG-GGACA-CTT-TGCCC-TG new pattern
CTSD 1509 | T11R001A59B6 | chrll - 1726902 1726702 1728102 1400 5 3 3682 305 | CG-GGACA-CTT-TGCCC-TG | new pattern
CTSD 1509 | T11R001A6B3F chrll - 1731391 1731191 1732591 1400 9 3 -810 11 | GG-GGTCA-GAC-CAGCC-CT | new pattern
DAB2 1601 | TO5R0259A87B | chr5 - 39430267 39430067 39431467 1400 7 3 -21747 1320 | AT-GGTCA-GCC-CGACC-AA | new pattern
NQO1 1728 | T16R0412730C chrl6 - 68317964 68317764 68319164 1400 769 272 -17134 736 | GC-AGTCA-CAG-TGACT-CA known | pattern
EFNB2 1948 | T13R06511B39 | chrl3 - 105978681 105978481 105979881 1400 6 4 -38567 400 | CA-GGACA-CAT-TGTCC-CT | new pattern
EFNB2 1948 | T13R06512E8E | chrl3 - 105983630 105983430 105984830 1400 13 10 -43518 346 | GC-GGTCT-CGA-TGGCC-GA | new pattern
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EGFR

1956 | TO7F0347ACD5 | chr7 55028949 55027749 55029149 1400 5 5 25270 776 | GG-GGTCA-GCC-TGCCC-TA | new pattern
EGFR 1956 | TO7F03480EB7 chr7 55054007 55052807 55054207 1400 21 5 215 853 | GC-GGGCA-CGG-CGACC-TC | new pattern
EGFR 1956 | TO7FO3480EEA chr7 55054058 55052858 55054258 1400 5 4 161 802 | GC-GGGCA-CGG-CGACC-TC | new pattern
EGFR 1956 | TO7F03480F7D chr7 55054205 55053005 55054405 1400 589 65 66 655 | GC-GGGCA-CGG-CGACC-TC | new pattern
EGFR 1956 | TO7F0348102B chr7 55054379 55053179 55054579 1400 7 4 -143 481 | GC-GGGCA-CGG-CGACC-TC | new pattern
EGFR 1956 | TO7F03481051 chr7 55054417 55053217 55054617 1400 58 10 -192 443 | GC-GGGCA-CGG-CGACC-TC | new pattern
EGFR 1956 | TO7F03481158 chr7 55054680 55053480 55054880 1400 15 3 -443 180 | GC-GGGCA-CGG-CGACC-TC | new pattern
ENO3 2023 | TO1R00870718 chrl 8849176 8848976 8850376 1400 5 3 -5507 205 | CA-GGTGA-CAA-TAGCC-TG | new pattern
MDS1 2122 | TO3ROA26DOB7 | chr3 170315959 170315759 170317159 1400 6 4 -30695 182 | TG-AGTCA-TGC-CAACC-CG | new pattern
MDS1 2122 | TO3ROA26D50C | chr3 170317068 170316868 170318268 1400 5 3 -31787 266 | AA-GGTTA-GCA-CAACC-AC | new pattern
MDS1 2122 | TO3ROA26D50C | chr3 170317068 170316868 170318268 1400 5 3 -31787 1291 | TG-AGTCA-TGC-CAACC-CG | new pattern
FGF4 2249 | T11R0421678A | chrll 69298058 69297858 69299258 1400 7 3 -1063 265 | GC-GGTCC-TGC-TGGCC-TT | new pattern
FLT1 2321 | T13R01AA206D | chrl3 27926637 27926437 27927837 1400 32 24 -152830 190 | TA-GGTCT-CTA-TGATC-CA new pattern
FN1 2335 | TO2ROCDFC7B3 | chr2 215992243 215992043 215993443 1400 364 103 -58795 322 | TG-GGTCA-GGC-TGGTC-TC | new pattern
FN1 2335 | TO2ROCDFDEBD | chr2 215998141 215997941 215999341 1400 23 5 -64646 357 | AA-GGTGG-AGG-TGACC-TC | new pattern
GAPDH 2597 | T12F0063651F chrl2 6513951 6512751 6514151 1400 93 20 66 456 | CA-GGACA-TCG-TGACC-TT | new pattern
GAPDH 2597 | T12F00636637 chrl2 6514231 6513031 6514431 1400 21 3 -297 176 | CA-GGACA-TCG-TGACC-TT | new pattern
GATA4 2626 | TO8FOOBOA470 chr8 11576432 11575232 11576632 1400 5 3 22731 624 | AT-GGTCA-CTG-TGTCC-CC new pattern
GATA4 2626 | TO8FOOBODO9C | chr8 11587740 11586540 11587940 1400 60 55 11423 148 | CA-GGCCA-CAG-CAACC-TG | new pattern
HOXC4 3221 | T12F03246972 chrl2 52717938 52716738 52718138 1400 63 11 -20980 282 | CA-GGGCA-CAC-CAGCC-CC | new pattern
HOXC4 3221 | T12F03246972 chrl2 52717938 52716738 52718138 1400 63 11 -20980 857 | AA-GATCA-ACA-CGACC-TC | new pattern
HOXC4 3221 | T12F032469A6 chrl2 52717990 52716790 52718190 1400 23 9 -21081 230 | CA-GGGCA-CAC-CAGCC-CC | new pattern
HOXC4 3221 | T12F032469A6 chrl2 52717990 52716790 52718190 1400 23 9 -21081 805 | AA-GATCA-ACA-CGACC-TC | new pattern
HOXC9 3225 | T12F0323C141 chrl2 52674881 52673681 52675081 1400 66 5 5268 1352 | TG-GGTCT-CTC-TGCCT-GA new pattern
HSPA4 3308 | TOS5FO7E4C83C chr5 132433980 132432780 132434180 1400 11 6 -18407 266 | TT-GGTCA-CGC-TGGTC-TT new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 638 | GG-GGTCT-TTC-TGCCC-AG new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1110 | GA-GGCCA-GCG-CAGCC-CC | new pattern
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ID1 CA-GGGCA-GGG-TGGCC-

3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 325 | AG new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 406 | AA-GGTCC-ACC-TGCCT-CC new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1050 | TT-GGTCA-ATG-CAGCC-CT new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1037 | TT-GGTCA-GGA-CAGCC-CA | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 744 | TT-AGTCA-GGC-TGATC-TC new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1235 | TG-AGTCA-GGC-TGCCC-CG | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 897 | GA-CGTCA-AAC-TGCCC-TC new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 520 | TT-GGTCA-GGC-TGGTC-TC known | pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 37 | AA-AGCCA-AAG-TGACC-AA | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1291 | CG-GGTCA-TGG-CGCCC-CG | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1033 | AG-AGTCA-CCC-TGGCC-CG | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 794 | AA-GGTCA-CGG-TGGCC-AC | known | pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 850 | CA-CGTCA-CTG-TGACC-TA new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 1287 | CT-GGTCC-TCC-TGACT-GG new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 58 | AG-GGGCA-TGT-TGACC-CA | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 3 -1029 332 | GA-GGACA-GAA-TGCCC-TC | new pattern
ID1 3397 | T20F01C48AB7 | chr20 29657783 29656583 29657983 1400 13 -1029 906 | GC-AGTCA-CCG-TGGTC-CT | new pattern
IGFIR 3480 | T15F05CCO41F chrl5 97256479 97255279 97256679 1400 5 3 -246191 233 | CC-AGTCA-CAG-TGGCT-CA | new pattern
IGF1R 3480 | T15F05CC12C5 chrl5 97260229 97259029 97260429 1400 9 9 -249941 1284 | TT-GGTCT-CCT-TGTCC-TT new pattern
IGF1R 3480 | T15F05CC17A8 | chrl5 97261480 97260280 97261680 1400 5 4 -251192 33 | TT-GGTCT-CCT-TGTCC-TT new pattern
IGF2 3481 | T11R00203063 chrll 2109539 2109339 2110739 1400 21 4 -2579 477 | TG-AGTCA-AAT-TGGCC-TG new pattern
IGF2 3481 | T11R002030C6 | chrll 2109638 2109438 2110838 1400 40 14 -2692 576 | TG-AGTCA-AAT-TGGCC-TG | new pattern
IGF2 3481 | T11R0020310A | chrll 2109706 2109506 2110906 1400 31 7 -2736 644 | TG-AGTCA-AAT-TGGCC-TG new pattern
IGF2 3481 | T11R0020313A | chrll 2109754 2109554 2110954 1400 25 13 -2808 692 | TG-AGTCA-AAT-TGGCC-TG new pattern
IGF2 3481 | T11R00203166 chrll 2109798 2109598 2110998 1400 17 13 -2852 736 | TG-AGTCA-AAT-TGGCC-TG new pattern
IGF2 3481 | T11R00203190 chrll 2109840 2109640 2111040 1400 20 4 -2873 778 | TG-AGTCA-AAT-TGGCC-TG new pattern
IGF2 3481 | T11R00203254 chrll 2110036 2109836 2111236 1400 2060 468 -2918 974 | TG-AGTCA-AAT-TGGCC-TG new pattern
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IGF2

3481 | T11R002032EE chrll 2110190 2109990 2111390 1400 338 76 -3183 1128 | TG-AGTCA-AAT-TGGCC-TG new pattern
IL6R 3570 | TO1F09192B5F chrl 152644447 152643247 152644647 1400 23 5 -102 654 | CA-GGTCT-ATC-TGACT-GC new pattern
IL6R 3570 | TO1F09192BAD | chrl 152644525 152643325 152644725 1400 42 3 -176 576 | CA-GGTCT-ATC-TGACT-GC new pattern
ITGA6 3655 | TO2FOA50A70A | chr2 173057802 173056602 173058002 1400 7 3 -57186 387 | TT-GGTCA-GGC-TGGTC-TC known | pattern
ITGA6 3655 | TO2FOA50A76A | chr2 173057898 173056698 173058098 1400 32 8 -57258 291 | TT-GGTCA-GGC-TGGTC-TC known | pattern
ITGA6 3655 | TO2FOA50A87B | chr2 173058171 173056971 173058371 1400 18 8 -57512 18 | TT-GGTCA-GGC-TGGTC-TC known | pattern
KDR 3791 | TO4R0350F74B chr4 55637835 55637635 55639035 1400 6 6 1590 1294 | TG-GGTCA-GGC-TGGCC-TT | new pattern
KIT 3815 | TO4F034A92C1 chr4 55218881 55217681 55219081 1400 378 97 112 547 | GA-GGCCA-CGC-CGACC-AA | new pattern
LCN2 3934 | TO9FO7BEE741 chr9 129951553 129950353 129951753 1400 37 10 -13 380 | AT-GGTCT-CAG-TGACC-TC new pattern
MCM4 4173 | TO8FO2EC40A7 chr8 49037479 49036279 49037679 1400 12 5 -1431 263 | TG-AGTCA-TAA-TGCCC-CA new pattern
MET 4233 | TO7FO6EC9654 chr7 116168276 116167076 116168476 1400 6 3 -68580 781 | CA-GGGCA-CAA-TGTCC-CT | new pattern
MUC6 4588 | T11RO00F6745 chrll 1009477 1009277 1010677 1400 6 4 -6638 174 | CT-GGTCC-CCA-TGGCC-CT new pattern
MUC6 4588 | T11R000F6A1D | chrll 1010205 1010005 1011405 1400 15 7 -7366 902 | CT-GGTCC-CCA-TGGCC-CT new pattern
NP 4860 | T14F013149F1 chrl4 20007409 20006209 20007609 1400 57 30 8 112 | CA-GGTCA-CTG-CAACC-TC new pattern

GG-GGTCG-GGA-TGGCC-

PBX1 5087 | TO1F09B4110C chrl 162795788 162794588 162795988 1400 9 3 -226 1133 | GG new pattern
RARA 5914 | T17F0221073D | chrl?7 35718973 35717773 35719173 1400 23 7 14 348 | GA-GGTCC-CTC-TGCCC-CT new pattern
RARA 5914 | T17F02213EF7 chrl7 35733239 35732039 35733439 1400 5 5 -14267 230 | AG-TGTCA-CCG-TGACC-CA | new pattern
RARB 5915 | TO3FO184DAEC | chr3 25484012 25482812 25484212 1400 38 8 -39246 83 | TT-GGTCA-GGC-TGGTC-TC known | pattern
RBL2 5934 | T16F03198981 chrl6 52005249 52004049 52005449 1400 6 4 20652 1353 | TT-GGTCG-GGC-TGGTC-TC | new pattern
RXRA 6256 | TO9F08217724 chr9 136410916 136409716 136411116 1400 17 16 -52685 859 | CA-AGTCA-GAT-TGTCC-TG new pattern
S100A10 6281 | TO1RO8F45E53 chrl 150232659 150232459 150233859 1400 8 3 -10624 476 | GA-GGTCG-ATA-GGACT-CC | new pattern
S100A10 6281 | TO1RO8FA5F62 chrl 150232930 150232730 150234130 1400 184 30 -10859 747 | GA-GGTCG-ATA-GGACT-CC | new pattern
SKIL 6498 | TO3FOA396CBC | chr3 171535548 171534348 171535748 1400 24 18 22660 1136 | AA-GGTCT-TTA-TGACC-TG new pattern
SRC 6714 | T20F021CA7E4 chr20 35407844 35406644 35408044 1400 45 4 -1238 999 | GA-GGGCA-TTT-TGGCC-TG | new pattern
SRC 6714 | T20F021CA4838 chr20 35407928 35406728 35408128 1400 176 29 -1416 915 | GA-GGGCA-TTT-TGGCC-TG | new pattern
AURKA 6790 | T20R033E16A6 | chr20 54400678 54400478 54401878 1400 35 4 -22750 1005 | CA-GGTCT-GGC-TGGCC-GT | new pattern
TERT 7015 | TO5R0013C2D7 | chr5 1295063 1294863 1296263 1400 11 4 11236 41 | CG-GGTCA-GCC-CAACC-CC | new pattern
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TPM1

7168 | T15F03A4DAF8 chrl5 + 61134072 61132872 61134272 1400 14 5 -12163 266 | TT-GGTCA-GGC-TGGTC-TC known | pattern
TPM1 7168 | T15F03A4D4F8 | chrl5 + 61134072 61132872 61134272 1400 14 5 -12163 579 | CT-GGTCT-CCA-TGCCC-AG new pattern
VEGFA 7422 | TO6F029DO06FA chré + 43845370 43844170 43845570 1400 6 3 561 920 | CC-AGTCA-CTC-CAGCC-TG new pattern
VEGFA 7422 | TO6F029D086D | chr6 + 43845741 43844541 43845941 1400 5 3 191 549 | CC-AGTCA-CTC-CAGCC-TG new pattern
VEGFA 7422 | TO6F029D0926 chré + 43845926 43844726 43846126 1400 14045 3244 37 364 | CC-AGTCA-CTC-CAGCC-TG new pattern
WT1 7490 | T11RO1EE8567 chril - 32408935 32408735 32410135 1400 10 4 -43008 1266 | GA-GGTCT-GCG-TGTCC-GG | new pattern
NDRG1 10397 | TO8R0O801A109 | chr8 - 134324489 134324289 134325689 1400 5 3 -5873 1123 | GG-GGTCA-GCC-CAGCC-TC | new pattern
CADM1 23705 | T11R06D3F6E4 chrll - 114554596 114554396 114555796 1400 54 18 -4346 736 | AT-AGTCA-GGT-CAGCC-CC new pattern
PABPC1 26986 | TO8R061164DC | chr8 - 101803228 101803028 101804428 1400 10 3 -18861 14 | AA-AGCCA-CTT-TGACC-AA | new pattern
OSR1 130497 | TO2R01283138 chr2 - 19411256 19411056 19412456 1400 53 5 3515 172 | CT-GGTCC-CAG-TGACT-GT new pattern
OSR1 130497 | TO2R01283138 chr2 - 19411256 19411056 19412456 1400 53 5 3515 1037 | GT-GGTCT-CCC-TGCCC-GC new pattern
Category C2: predicted estrogen responsive ESCC genes lacking experimental proof verifying estrogen responsiveness.
Gene Total ERE
Symbol GenelD | TSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Promotersize | Tags RepTags | Distance: | Position ERE Pattern
ACTN4 81 | T19F029CFFE2 chrl9 + 43843554 43842354 43843754 1400 7 3 -13383 726 | TT-GGTCA-GGC-TGGCC-TT new pattern
GG-GGCCA-GAG-TGGCC-
ACTN4 81 | T19F029D9BDC | chrl9 + 43883484 43882284 43883684 1400 39 14 -53316 1058 | TG new pattern
AA-GGGCA-AGG-TGGCT-
ACTN4 81 | T19F029DBE32 chri9 + 43892274 43891074 43892474 1400 10 8 -62100 1179 | GA new pattern
ACTN4 81 | T19F029DDOCO | chrl9 + 43897024 43895824 43897224 1400 6 3 -66842 1268 | GA-GGTCA-CTG-TGACT-CT | new pattern
ATM 472 | T11F0669D4A8 chril + 107599016 107597816 107599216 1400 55 3 -182 562 | AA-GGTCC-TTC-TGTCC-AG new pattern
BAX 581 | T19F033A5DEB chr19 + 54156779 54155579 54156979 1400 9 7 -6850 57 | TT-GGTCA-GGC-TGGTC-TT new pattern
BMP6 654 | TO6FO007686F4 chré + 7767796 7766596 7767996 1400 5 5 -95787 686 | TT-GGTCT-TGT-TGCCC-AG new pattern
AA-GGTGG-GGC-TGGCC-
BMP6 654 | TO6FO076E486 chré + 7791750 7790550 7791950 1400 7 3 -119739 40 | CC new pattern
CALR 811 | T19F00C5082D | chrl9 + 12912685 12911485 12912885 1400 41 6 -2210 1303 | CA-GGTGA-GTC-TGACT-CA | new pattern
RUNX3 864 | TO1R017FF283 chrl - 25162371 25162171 25163571 1400 6 6 -63707 132 | GT-GGTCT-CTG-TGGTC-TC new pattern
RUNX3 864 | TO1R017FF283 chrl - 25162371 25162171 25163571 1400 6 6 -63707 1117 | TG-GGTCT-GCC-TGCCT-GC | new pattern
CDC25B 994 | T20F00383158 chr20 + 3682648 3681448 3682848 1400 6 4 41753 1134 | AA-GGCCA-CTC-CACCC-CC new pattern
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CDC25B 994 | T20F0038F8EC chr20 3733740 3732540 3733940 1400 6 6 -9339 113 | CT-GGTCC-ATA-TGACT-GC new pattern
CA-GGGCA-CGG-TGGCC-

CDH1 999 | T16F04039AE1 chrl6 67345121 67343921 67345321 1400 38 23 -16425 1324 | GA new pattern

CSTB 1476 | T21R029FB389 chr21 44020617 44020417 44021817 1400 154 11 -2323 914 | CC-GGTCC-GTG-TGACT-CG | new pattern

DNMT1 1786 | T19RO0SAB2EQ | chrl9 10138336 10138136 10139536 1400 13 4 -33267 445 | AA-GATCA-GCC-TGGCC-AA | new pattern

DSP 1832 | TO6F0072B44E chré 7517262 7516062 7517462 1400 7 4 -30393 1156 | GA-GGGCA-GGA-TGACT-CT | new pattern

EPHA2 1969 | TO1R0OOF98B55 chrl 16354133 16353933 16355333 1400 9 3 -30695 612 | TT-GGTCG-CAC-GGGCC-TC | new pattern

ERCC2 2068 | T19R0303913C | chrl9 50565436 50565236 50566636 1400 11 5 -18733 396 | TT-GGTCA-GGC-TGGTC-TT new pattern
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E0A0 chr21 39116960 39115760 39117160 1400 11 5 -17212 923 | AC new pattern
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E128 chr21 39117096 39115896 39117296 1400 24 7 -17368 787 | AC new pattern
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E24F chr21 39117391 39116191 39117591 1400 20 8 -17655 492 | AC new pattern
GA-GGTCG-CCG-GGACC-

ETS2 2114 | T21F0254E2D4 | chr21 39117524 39116324 39117724 1400 9 3 -17804 359 | AC new pattern

FGFR4 2264 | TO5F0A843489 chr5 176436361 176435161 176436561 1400 6 6 10166 32 | TA-GGTCA-CTG-CAGCC-TC new pattern

FHIT 2272 | TO3RO3A24F58 | chr3 60968792 60968592 60969992 1400 66 39 | 1258696 1270 | CA-GGTGA-AAT-TAACC-TG | new pattern

GATA6 2627 | T18F0112BFD1 chrl8 18005969 18004769 18006169 1400 12 3 -2526 891 | CC-GGTCT-ACG-TGCCC-AC new pattern

SFN 2810 | TO1F019CD661 | chrl 27055713 27054513 27055913 1400 10 6 6507 504 | GA-GGCCA-TCC-TGTCC-CC new pattern

GPX3 2878 | TO5F08F6BD67 | chr5 150388071 150386871 150388271 1400 9 4 -7878 573 | AG-GGTCT-CAT-TGGCC-CA | new pattern

GRB7 2886 | T17F02184FDB chrl7 35147739 35146539 35147939 1400 49 3 22 958 | CA-GGTGG-TCG-GGACT-CT | new pattern

GRB7 2886 | T17F02185167 chrl7 35148135 35146935 35148335 1400 118 21 -364 562 | CA-GGTGG-TCG-GGACT-CT | new pattern
CA-GGACA-GAC-CGACC-

HIC1 3090 | T17F001D11FB chrl7 1905147 1903947 1905347 1400 215 93 -106 1235 | GG new pattern
CA-GGACA-GAC-CGACC-

HIC1 3090 | T17F001D1223 chrl7 1905187 1903987 1905387 1400 8 4 -169 1195 | GG new pattern

HLA-C 3106 | TO6RO1DF9F64 | chrb 31432548 31432348 31433748 1400 10 5 -2899 838 | CT-GGTCA-TGG-CGCCC-CG | new pattern

PDX1 3651 | T13F01A208FB chrl3 27396347 27395147 27396547 1400 8 3 -4167 423 | CT-GGCCA-ACG-TGACC-CC | new pattern

JAG2 3714 | T14R063C89CC | chrl4 104630732 104630532 104631932 1400 9 7 48407 230 | CA-GCTCA-GCC-TGCCC-TC new pattern

JAG2 3714 | T14R063C89CC | chrl4 104630732 104630532 104631932 1400 9 7 48407 793 | CC-AGTCA-AGC-CACCC-CA | new pattern

CD82 3732 | T11F02A6FE32 chrll 44498482 44497282 44498682 1400 17 9 45235 116 | GT-AGTCA-GCT-TGGCC-TG | new pattern
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KRT13 3860 | T17R02333152 chrl?7 36909394 36909194 36910594 1400 58 58 1382 813 | GG-AGTCA-TCC-TGGCC-TC new pattern
LAMC2 3918 | TO1FOAD047C6 | chrl 181422022 181420822 181422222 1400 190 20 79 363 | AA-GGTCA-GCC-TGCCC-AA | new pattern
LOXL2 4017 | TO8R016224CB | chr8 23209163 23208963 23210363 1400 6 5 1211 1128 | CA-GGGGA-TGC-TGACC-CA | new pattern
LOXL2 4017 | TO8R01628357 chrg 23233367 23233167 23234567 1400 15 8 -22988 1169 | GA-GGCCA-TGG-TGGTC-TG | new pattern
LOXL2 4017 | TO8R01628357 chr8 23233367 23233167 23234567 1400 15 8 -22988 1335 | CA-GAGCA-AGT-TGCCC-TG | new pattern
LOXL2 4017 | TO8R016283A7 | chr8 23233447 23233247 23234647 1400 5 3 -23069 1249 | GA-GGCCA-TGG-TGGTC-TG | new pattern
LOXL2 4017 | TO8R016283C8 | chr8 23233480 23233280 23234680 1400 6 4 -23106 1282 | GA-GGCCA-TGG-TGGTC-TG | new pattern
LOXL2 4017 | TO8R0O162B82E chr8 23246894 23246694 23248094 1400 15 4 -36520 969 | GG-CGTCA-TGA-TGCCC-TG | new pattern
LOXL2 4017 | TO8R0162BSAD | chr8 23247021 23246821 23248221 1400 10 4 -36626 1096 | GG-CGTCA-TGA-TGCCC-TG | new pattern
TACSTD1 4072 | T02F02D40719 chr2 47449881 47448681 47450081 1400 64 7 118 546 | TT-GGTCA-GGC-TGGTC-TC known | pattern
TACSTD1 4072 | T02F02D40762 chr2 47449954 47448754 47450154 1400 516 162 21 473 | TT-GGTCA-GGC-TGGTC-TC known | pattern
MDM2 4193 | T12F0405CD2F chrl2 67489071 67487871 67489271 1400 15 5 -802 986 | GA-GGTCC-GGA-TGATC-GC | new pattern
MGATS 4249 | TO2F0807A47B chr2 134718587 134717387 134718787 1400 10 5 7051 78 | CC-AGTCA-GGC-TGACC-CA | new pattern
MGATS 4249 | TO2FO807A47B chr2 134718587 134717387 134718787 1400 10 5 7051 642 | GG-GGCCA-TTT-TGGCC-TG | new pattern
MGATS 4249 | TO2FO8090E08 chr2 134811144 134809944 134811344 1400 6 6 -85506 1075 | CA-GGCCA-TAT-TGGTC-TC new pattern
MKI67 4288 | T1I0R07BC8C6D | chrl0 129797229 129797029 129798429 1400 22 11 -12296 464 | CA-GGGCA-TGG-CAACC-TT | new pattern
MKI67 4288 | TI0R07BC8C6D | chrl0 129797229 129797029 129798429 1400 22 11 -12296 1357 | CC-AGTCA-TTA-CAACC-AG new pattern
MMP2 4313 | T16F03390C37 chrl6 54070327 54069127 54070527 1400 28 6 286 676 | GG-GGTCT-TTG-TGACC-TC new pattern
MMP2 4313 | T16F03390C5D | chrl6 54070365 54069165 54070565 1400 234 20 240 638 | GG-GGTCT-TTG-TGACC-TC new pattern
MMP2 4313 | T16F03390D53 chrl6 54070611 54069411 54070811 1400 7890 1816 77 392 | GG-GGTCT-TTG-TGACC-TC new pattern
MMP2 4313 | T16F03391C2C chrl6 54074412 54073212 54074612 1400 6 4 -3823 1214 | CA-GGTGA-TCT-TGACC-AG | new pattern
MSH2 4436 | T02F02D48712 chr2 47482642 47481442 47482842 1400 19 18 1125 656 | TT-AGTCA-GGC-TGGTC-TC new pattern
GT-GGTCG-CCG-TGGCC-
MSH2 4436 | TO2F02D48B97 | chr2 47483799 47482599 47483999 1400 543 43 72 1125 | GG new pattern
MT3 4504 | T16F0349FE8D chrl6 55180941 55179741 55181141 1400 56 29 -169 340 | TT-GGTCA-GGC-TGGTC-TC known | pattern
CA-GGGCA-GGC-TGCCT-
MUC2 4583 | T11FOOOFFOA6 chrll 1044646 1043446 1044846 1400 6 3 20229 70 | GG new pattern
MUC2 4583 | T11FO0105A6B chrll 1071723 1070523 1071923 1400 71 18 -6780 596 | CA-GGTGA-ACC-TGCCC-CA | new pattern
MUC2 4583 | T11FO0105A9E chrll 1071774 1070574 1071974 1400 10 4 -6888 545 | CA-GGTGA-ACC-TGCCC-CA | new pattern
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AA-GGTGG-GTG-GGACC-

MUC2 4583 | T11FO0105E29 chrll 1072681 1071481 1072881 1400 32 7 -7759 899 | CA new pattern
AA-GGTGG-GTG-GGACC-

MUC2 4583 | T11F00106014 chrll 1073172 1071972 1073372 1400 68 6 -8188 408 | CA new pattern
AA-GGTGG-GTG-GGACC-

MUC2 4583 | T11F0010618D chrll 1073549 1072349 1073749 1400 20 3 -8674 31 | CA new pattern

MUC2 4583 | T11F00106A1D | chrll 1075741 1074541 1075941 1400 24 3 -10866 1161 | GG-GGTCC-AGC-TGTCC-TG | new pattern

MUC2 4583 | T11FO0106AE1 chrll 1075937 1074737 1076137 1400 13 3 -11060 965 | GG-GGTCC-AGC-TGTCC-TG | new pattern

MUC2 4583 | T11F00106B33 chrll 1076019 1074819 1076219 1400 50 9 -11105 883 | GG-GGTCC-AGC-TGTCC-TG | new pattern

MUC2 4583 | T11F001096FD chrll 1087229 1086029 1087429 1400 41 12 -22353 1286 | TC-CGTCA-GGC-TGCCC-TA new pattern

MUC4 4585 | TO3ROBBDC7A3 | chr3 196986787 196986587 196987987 1400 6 3 -27425 769 | TT-GGTCA-GGC-TGGTC-TC known | pattern

NFKB1 4790 | TO4F062D7027 chrd 103641127 103639927 103641327 1400 5 4 391 163 | TT-GGTCA-GGC-TGGTC-TC known | pattern

NFKB1 4790 | TO4F062D70B7 chr4 103641271 103640071 103641471 1400 23 7 282 19 | TT-GGTCA-GGC-TGGTC-TC known | pattern
AA-GGTGG-AGG-GGACC-

NFKB1 4790 | TO4F062E9997 chr4 103717271 103716071 103717471 1400 5 3 -75750 1138 | GG new pattern

NOS2A 4843 | T17R016143A8 chrl7 23151528 23151328 23152728 1400 12 8 -43573 868 | AA-GATCA-GGT-CACCC-AC | new pattern
AA-GGTGA-GAA-TGGCC-

0GG1 4968 | TO3FO09506EC chr3 9766636 9765436 9766836 1400 431 44 -888 418 | CA new pattern
AA-GGTGA-GAA-TGGCC-

0GG1 4968 | TO3F00950821 chr3 9766945 9765745 9767145 1400 136 8 -1224 109 | CA new pattern
AA-GGGCA-GGC-TGGCC-

PECAM1 5175 | T17R0390211C chrl7 59777308 59777108 59778508 1400 10 3 -23147 648 | TG new pattern

PECAM1 5175 | T17R0390BECF chrl7 59817679 59817479 59818879 1400 7 3 -63511 493 | TT-GGTCA-GGC-TGGTC-TC known | pattern

PPL 5493 | T16R004A5922 chrlé 4872482 4872282 4873682 1400 5 3 49 622 | AA-GGACA-AGC-CAACC-AC | new pattern

MAPK3 5595 | T16RO1CA66BE | chrl6 30041790 30041590 30042990 1400 23 4 -8820 154 | TT-GGTCA-GGC-TGGTC-TC known | pattern

PTPN1 5770 | T20F02E4F8B1 chr20 48560305 48559105 48560505 1400 698 84 7 161 | TT-GGTCA-GGC-TGGTC-TC known | pattern

RELA 5970 | T11R03E25271 chrll 65163889 65163689 65165089 1400 8 5 14522 909 | CC-AGTCA-CCC-TGCCC-TG new pattern
GG-GGTGA-GTG-TGGCC-

RELA 5970 | T11R03E29B2D | chrll 65182509 65182309 65183709 1400 18 5 -4082 59 | TG new pattern
GG-GGTGA-GTG-TGGCC-

RELA 5970 | T11R03E29C52 chrll 65182802 65182602 65184002 1400 17 6 -4388 352 | TG new pattern
GG-GGTGA-GTG-TGGCC-

RELA 5970 | T11RO3E29DFF chrll 65183231 65183031 65184431 1400 9 3 -4813 781 | TG new pattern

SDC1 6382 | TO2R01353CC3 chr2 20266179 20265979 20267379 1400 11 3 -2117 363 | TT-GGTCC-TAA-TGCCT-GG new pattern
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SDC1 6382 | TO2R01353DBC | chr2 20266428 20266228 20267628 1400 5 3 -2370 612 | TT-GGTCC-TAA-TGCCT-GG new pattern
FSCN1 6624 | TO7FO0556EFD chr7 5598973 5597773 5599173 1400 1564 819 21 574 | GG-GGTCC-TGG-TGGTC-TT | new pattern
GG-GGTCG-GGG-TGTCC-
FSCN1 6624 | TO7FO0556EFD chr7 5598973 5597773 5599173 1400 1564 819 21 917 | GA new pattern
SRP54 6729 | T14F020EC227 chrl4 34521639 34520439 34521839 1400 35 6 398 799 | CT-GGTCA-ATC-TACCC-CC new pattern
SRP54 6729 | T14F020EC352 chrl4 34521938 34520738 34522138 1400 309 42 72 500 | CT-GGTCA-ATC-TACCC-CC new pattern
STAT3 6774 | T17R02400D8B | chrl?7 37752203 37752003 37753403 1400 10 4 -33295 486 | TA-GGCCA-TCC-CAGCC-TG new pattern
TERF2 7014 | T16R040D3FB6 | chrl6 67977142 67976942 67978342 1400 42 10 -30020 631 | TT-GGTCA-GGC-TGGTC-TC known | pattern
TERF2 7014 | T16R040D4055 | chrlé 67977301 67977101 67978501 1400 384 19 -30177 790 | TT-GGTCA-GGC-TGGTC-TC known | pattern
TGM2 7052 | T20R02283F93 chr20 36192147 36191947 36193347 1400 6 4 -1851 1004 | GA-GGGCA-GAT-TGTCC-AG | new pattern
TGM3 7053 | T20F00228137 chr20 2261303 2260103 2261503 1400 6 4 -36628 704 | GA-AGTCA-ACC-TGGTC-CT | new pattern
TIMP2 7077 | T17RO46EABAC | chrl?7 74361676 74361476 74362876 1400 16 4 -1001 690 | CA-GGACA-CTA-TGGCC-TG | new pattern
TIMP2 7077 | T17RO46EAB7F chrl7 74361727 74361527 74362927 1400 20 9 -1053 741 | CA-GGACA-CTA-TGGCC-TG | new pattern
TIMP2 7077 | T17RO46EAC82 | chrl?7 74361986 74361786 74363186 1400 56 20 -1301 1000 | CA-GGACA-CTA-TGGCC-TG | new pattern
TIMP2 7077 | T17RO46EACAC | chrl?7 74362028 74361828 74363228 1400 8 4 -1354 1042 | CA-GGACA-CTA-TGGCC-TG | new pattern
VHL 7428 | TO3F009B0605 chr3 10159621 10158421 10159821 1400 6 4 -1302 813 | TT-GGTCA-GGC-TGGTC-TC known | pattern
VHL 7428 | TO3F009B0605 chr3 10159621 10158421 10159821 1400 6 4 -1302 1344 | AA-GGTGA-TTT-TACCC-CT new pattern
EZR 7430 | TO6RO97C10CE | chrb 159125710 159125510 159126910 1400 21 4 -18900 614 | GC-AGTCA-TGC-CGTCC-TC new pattern
ViM 7431 | T10F01082408 chr10 17310731 17309531 17310931 1400 10 5 573 190 | AA-GGTTA-AGG-TGACC-GA | new pattern
WNT7B 7477 | T22R02A9FF20 chr22 44695328 44695128 44696528 1400 11 7 1007 670 | CT-GGTCC-TTT-TACCC-TG new pattern
XRCC5 7520 | TO2FOCEA6C29 chr2 216689705 216688505 216689905 1400 8 5 -7325 1030 | GA-GGTCT-GGT-TGTCC-TG | new pattern
YES1 7525 | T18RO00B9COB | chrl8 760843 760643 762043 1400 5 4 -49234 862 | TT-GGTCA-GGC-TGGTC-TT new pattern
PRDM2 7799 | TO1FOOD55012 chrl 13979666 13978466 13979866 1400 11 5 -75727 739 | AA-AGTCA-CAG-CGACT-CA | new pattern
RAB11A 8766 | T15F03CFD712 chrl5 63952658 63951458 63952858 1400 5 3 -3808 572 | TT-GGTCA-GGC-TGGTC-TC known | pattern
CRLF1 9244 | T19R011B5610 | chrl9 18568720 18568520 18569920 1400 7 4 -3653 161 | GA-GGCCA-GCT-CACCC-TG | new pattern
CRLF1 9244 | T19R011B566F chrl9 18568815 18568615 18570015 1400 38 6 -3718 256 | GA-GGCCA-GCT-CACCC-TG | new pattern
GPR56 9289 | T16F0359B808 chrlé 56211464 56210264 56211664 1400 32 6 22 824 | CA-GGTGA-GTC-TGGCC-CA | new pattern
GPR56 9289 | T16F0359B808 chrlé 56211464 56210264 56211664 1400 32 6 22 1059 | AG-GGTCA-GGT-TGGCC-CC | new pattern

106




DLEC1 9940 | TO3F0245814A chr3 + 38109514 38108314 38109714 1400 32 7 -53813 1253 | CA-AGCCA-GTG-TGGCC-TC new pattern
CA-GGGCA-GGG-TGCCT-

HS3ST2 9956 | T16F015AEOB8 | chrl6 + 22732984 22731784 22733184 1400 248 45 378 854 | GC new pattern

HS3ST2 9956 | T16FO15AEOB8 | chrl6 + 22732984 22731784 22733184 1400 248 45 378 880 | TG-GGTCT-GTC-TGGTC-TG | new pattern

AKAP13 11214 | T15F0503078B | chrl5 + 84084619 84083419 84084819 1400 8 6 | -359744 834 | TA-GGTCA-CTG-TGGTC-TT | new pattern

GAPDHS 26330 | T19F026D32A1 chrl9 + 40710817 40709617 40711017 1400 5 3 5387 28 | CT-GGCCA-AAC-TGCCC-TG new pattern

PRRX2 51450 | TO9FO7D6641E | chr9 + 131490846 131489646 131491046 1400 5 3 -23105 801 | TG-AGTCA-CCG-TGCCC-GG | new pattern

SBNO1 55206 | T12R074B39D3 | chril2 - 122370515 122370315 122371715 1400 10 8 -24088 58 | GA-GATCA-GCC-TGACC-AA | new pattern

CTDSP1 58190 | TO2FODOD4708 | chr2 + 218973960 218972760 218974160 1400 15 9 -1238 1123 | TG-GGTCT-GGC-TGCCC-CG | new pattern
08-Mar | 220972 | T10R02B4E5B9 | chrl0 - 45409721 45409521 45410921 1400 7 4 | -136877 945 | TG-GGTCT-CTC-TGCCC-CG new pattern
08-Mar | 220972 | T10R02B4E65E chrl0 - 45409886 45409686 45411086 1400 31 28 -137044 1110 | TG-GGTCT-CTC-TGCCC-CG new pattern
08-Mar | 220972 | T10R02B4E6DD | chrl0 - 45410013 45409813 45411213 1400 245 26 | -137118 1237 | TG-GGTCT-CTC-TGCCC-CG new pattern

MUC5B 727897 | T11FO001252E8 chrll + 1200872 1199672 1201072 1400 920 139 187 61 | GA-GGCCA-CAC-CACCC-GA | new pattern

MUC5B 727897 | T11F001252E8 chrll + 1200872 1199672 1201072 1400 920 139 187 1117 | AA-GAGCA-TGG-TGCCC-TG | new pattern

Category C3: ESCC genes with experimental proof verifying estrogen responsiveness that were not predicted to be estrogen responsive.

Gene Total

Symbol GenelD | TSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Promotersize | Tags RepTags | Distance:

ACTB 60 | TO7R005470CD | chr7 - 5533901 5533701 5535101 1400 5 3 -569

ACTB 60 | TO7R00547397 chr7 - 5534615 5534415 5535815 1400 9 3 -1274

ACTB 60 | TO7R00547411 | chr7 - 5534737 5534537 5535937 1400 9 3 -1391

ACTB 60 | TO7R005479E9 chr7 - 5536233 5536033 5537433 1400 31 4 -2796

AlF1 199 | TO6FO1E390EE chré + 31690990 31689790 31691190 1400 18 3 39

ALCAM 214 | TO3F065A1A3D | chr3 + 106568253 106567053 106568453 1400 13 6 159

ALCAM 214 | TO3FO65A1A66 chr3 + 106568294 106567094 106568494 1400 5 4 112

ALCAM 214 | TO3F065A1AB8 | chr3 + 106568376 106567176 106568576 1400 6 4 39

ALCAM 214 | TO3FO65A1AFB chr3 + 106568443 106567243 106568643 1400 124 37 3

ALCAM 214 | TO3F065A2237 | chr3 + 106570295 106569095 106570495 1400 14 8 -1890
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ALCAM 214 | TO3F065C217E chr3 106701182 106699982 106701382 1400 5 3 -132778
ALCAM 214 | TO3F065C5C6B chr3 106716267 106715067 106716467 1400 7 5 -147864
ALCAM 214 | TO3F065C931B chr3 106730267 106729067 106730467 1400 18 14 -161864
ALPP 250 | TO2FODE28F99 chr2 232951705 232950505 232951905 1400 12 7 -113
ANXA1 301 | TOSFO477BF39 chr9 74956601 74955401 74956801 1400 123 54 12
APBA1 320 | TO9R0442A6E4 | chr9 71476964 71476764 71478164 1400 5 3 -241917
APBA1 320 | TOSR0442A719 | chr9 71477017 71476817 71478217 1400 136 18 -241958
BIRC5 332 | T17F0464E849 chrl?7 73721929 73720729 73722129 1400 49 7 -29
APOD 347 | TO3ROBBA304E | chr3 196751438 196751238 196752638 1400 250 28 25490
APOD 347 | TO3ROBBABD6B | chr3 196787563 196787363 196788763 1400 25 8 -10659
APOD 347 | TO3ROBBACF24 | chr3 196792100 196791900 196793300 1400 812 182 -15203
AR 367 | TOXFO3F976EE chrX 66680558 66679358 66680758 1400 6 3 41
RHOA 387 | TO3RO2F15DF3 chr3 49372659 49372459 49373859 1400 48 9 -1015
RHOA 387 | TO3R02F15E30 chr3 49372720 49372520 49373920 1400 21 4 -1097
RHOA 387 | TO3RO2F15E63 chr3 49372771 49372571 49373971 1400 46 9 -1155
RHOA 387 | TO3R02F17E5C chr3 49380956 49380756 49382156 1400 18 3 -9347
RHOA 387 | TO3R02F19389 chr3 49386377 49386177 49387577 1400 5 -14759
RHOA 387 | TO3R02F199FD chr3 49388029 49387829 49389229 1400 8 5 -16399
RHOA 387 | TO3R02F226CA | chr3 49424074 49423874 49425274 1400 21 3 -52405
RND3 390 | TO2R0900C475 chr2 151045237 151045037 151046437 1400 12 6 -12252
RND3 390 | TO2R0S00DCBD | chr2 151051453 151051253 151052653 1400 6 5 -18478
ATF3 467 | TO1FOC908991 chrl 210798993 210797793 210799193 1400 82 25 6384
ATF3 467 | TO1F0C914BD6 | chrl 210848726 210847526 210848926 1400 228 122 -43347
ATF3 467 | TO1FOC915BBB | chrl 210852795 210851595 210852995 1400 70 69 -47420
ATF3 467 | TO1FOC916AE7 chrl 210856679 210855479 210856879 1400 5 4 -51305
BAD 572 | T11R03CD2647 | chrll 63776327 63776127 63777527 1400 7 4 17569
BAD 572 | T11RO3CD89BF | chrll 63801791 63801591 63802991 1400 13 3 -7894
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CCND1 595 | T11F041F6031 chrll 69165105 69163905 69165305 1400 521 131 43
CCND1 595 | T11F041F6956 chrll 69167446 69166246 69167646 1400 5 3 -2387
CCND1 595 | T11FO41F8CE6 chrll 69176550 69175350 69176750 1400 12 5 -11475
BUB1 699 | TO2RO6A00BF2 | chr2 111152114 111151914 111153314 1400 55 10 -40175
DDR1 780 | TO6FO1D85CE7 | chrb 30956775 30955575 30956975 1400 13 3 3084
DDR1 780 | TO6FO1D85D98 | chrb 30956952 30955752 30957152 1400 26 13 2888
DDR1 780 | TO6F01D86475 chré 30958709 30957509 30958909 1400 42 10 1166
DDR1 780 | TO6FO1D8696B | chrb 30959979 30958779 30960179 1400 13 3 -80
DDR1 780 | TO6FO1D86ACE | chrb 30960334 30959134 30960534 1400 47 8 -434
DDR1 780 | TO6FO1D86B39 | chrb 30960441 30959241 30960641 1400 20 4 -560
CAV1 857 | TO7FO6E949DA | chr7 115952090 115950890 115952290 1400 5 4 0
CAV1 857 | TO7FO6E94AC6 chr7 115952326 115951126 115952526 1400 64 29 -206
CAV1 857 | TO7FO6E94B09 chr7 115952393 115951193 115952593 1400 6 3 -308
CAV1 857 | TO7FO6E94B6A chr7 115952490 115951290 115952690 1400 60 11 -375
CAV1 857 | TO7FO6E94CAO chr7 115952800 115951600 115953000 1400 108 28 -714
CAV1 857 | TO7FO6E94CDA | chr7 115952858 115951658 115953058 1400 5 3 -772
CAV1 857 | TO7FO6E94F56 chr7 115953494 115952294 115953694 1400 22 9 -1419
CAV1 857 | TO7FO6E94FF4 chr7 115953652 115952452 115953852 1400 130 80 -1566
CCNB1 891 | TO5F0415352D | chr5 68498733 68497533 68498933 1400 243 78 -10
CCNE1 898 | T19F02156C4D | chrl9 34958413 34957213 34958613 1400 10 7 36329
CCNE1 898 | T19F0215F99A chrl9 34994586 34993386 34994786 1400 5 4 155
CCNE1 898 | T19F0215FA36 chrl9 34994742 34993542 34994942 1400 24 3 60
CCNE1 898 | T19F0215FBB3 chrl9 34995123 34993923 34995323 1400 7 3 -382
CD34 947 | TO1ROC48F9BB | chrl 206109115 206108915 206110315 1400 16 4 17415
CD34 947 | TO1R0C493BBF | chrl 206126015 206125815 206127215 1400 7 3 512
CD34 947 | TO1ROC499D5A | chrl 206151002 206150802 206152202 1400 11 8 -24475
CD34 947 | TO1ROC499DB5 | chrl 206151093 206150893 206152293 1400 176 15 -24505
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CD44 960 | T11F0217D8EE chrll 35117294 35116094 35117494 1400 3679 931 -137
CD44 960 | T11F0217D992 chrll 35117458 35116258 35117658 1400 23 12 -405
CD44 960 | T11F02180E2A chrll 35130922 35129722 35131122 1400 5 4 -13929
CD44 960 | T11F02186B57 chrll 35154775 35153575 35154975 1400 8 4 -37782
CD44 960 | T11F02189F5F chrll 35168095 35166895 35168295 1400 12 3 -51062
CD44 960 | T11F0218E813 chrll 35186707 35185507 35186907 1400 6 5 -69714
CDH13 1012 | T16F04D74A1F | chrl6 81218079 81216879 81218279 1400 27 11 12
CDH13 1012 | T16F04D74A61 | chrl6 81218145 81216945 81218345 1400 25 11 -51
CDH13 1012 | T16F04D8D131 | chrl6 81318193 81316993 81318393 1400 5 3 -100108
CDH13 1012 | T16FO4EOC86A chrl6 81840234 81839034 81840434 1400 30 21 -622155
CDH13 1012 | T16FO4E875EQ chrl6 82343392 82342192 82343592 1400 25 13 | 1125313
CDK2 1017 | T12F0341D842 chrl2 54646850 54645650 54647050 1400 47 7 11
CDKN1B 1027 | T12F00C2B999 chrl2 12761497 12760297 12761697 1400 15 7 79
CDKN1B 1027 | T12FOOC2B9ES8 chrl2 12761576 12760376 12761776 1400 154 23 38
CDKN1B 1027 | T12F00C2C966 chrl2 12765542 12764342 12765742 1400 6 3 -3966
CKS2 1164 | TOSFO56E519A chr9 91115930 91114730 91116130 1400 339 172 16
COL4A6 1288 | TOXR06649710 chrX 107255568 107255368 107256768 1400 5 5 29951
KLF6 1316 | T10R003A27CE | chrl0 3811278 3811078 3812478 1400 12 6 -3066
KLF6 1316 | T10RO03A38F0 | chrl0 3815664 3815464 3816864 1400 8 4 -7456
KLF6 1316 | T10R003A3B75 | chrl0 3816309 3816109 3817509 1400 8 4 -8100
KLF6 1316 | T10RO03A3D7E | chrl0 3816830 3816630 3818030 1400 40 22 -8622
KLF6 1316 | T10RO03A3E6C | chrl0 3817068 3816868 3818268 1400 6 3 -8860
KLF6 1316 | T10RO03A3E90 | chrl0 3817104 3816904 3818304 1400 7 3 -8896
KLF6 1316 | T10RO03A3F42 chr10 3817282 3817082 3818482 1400 8 3 -9073
CTGF 1490 | TO6RO7E2E8D3 | chr6 132311251 132311051 132312451 1400 9 3 -997
CTGF 1490 | TO6RO7E2F28C chré 132313740 132313540 132314940 1400 5 4 -3523
EEF1D 1936 | TO8ROBAOB77E | chr8 144750462 144750262 144751662 1400 7 3 -17378
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EEF1D 1936 | TOBROBAOBSOF | chr8 144750607 144750407 144751807 1400 72 31 -17545
EFNA1 1942 | TO1F0924302B chrl 153366571 153365371 153366771 1400 16 4 409
EFNA1 1942 | TO1F092431C0 chrl 153366976 153365776 153367176 1400 120 34 26
EGR1 1958 | TO5F083719B0 chr5 137828784 137827584 137828984 1400 19 5 331
EGR1 1958 | TO5F08371ACB | chr5 137829067 137827867 137829267 1400 5861 1380 23
EGR1 1958 | TO5F08371B5A | chr5 137829210 137828010 137829410 1400 32 5 -92
EGR1 1958 | TO5F08371B9F chr5 137829279 137828079 137829479 1400 7 7 -199
EGR1 1958 | TO5F08371CB5 chr5 137829557 137828357 137829757 1400 105 35 -473
EGR1 1958 | TO5F08371CFD chr5 137829629 137828429 137829829 1400 66 15 -528
EGR1 1958 | TO5F08371EF7 chr5 137830135 137828935 137830335 1400 15 5 -1034
EGR1 1958 | TO5F08371F1C chr5 137830172 137828972 137830372 1400 10 3 -1092
EGR1 1958 | TO5F08371FF7 chr5 137830391 137829191 137830591 1400 11 5 -1294
EGR1 1958 | TO5F08372059 chr5 137830489 137829289 137830689 1400 20 4 -1351
EGR1 1958 | TO5F083721D0 | chr5 137830864 137829664 137831064 1400 10 3 -1783
EMP1 2012 | T12FO0C9482E chrl2 13191214 13190014 13191414 1400 15 8 49710
EMP1 2012 | T12FO0C9A571 chrl2 13215089 13213889 13215289 1400 6 6 25835
EMP1 2012 | T12FOOCAOASF | chrl2 13240927 13239727 13241127 1400 12 4 0
EMP1 2012 | T12FO0CAOA9B | chrl2 13240987 13239787 13241187 1400 81 24 -49
CTTN 2017 | T11FO42AEDFE chrll 69922302 69921102 69922502 1400 299 32 27
CTTN 2017 | T11F042B050E chrll 69928206 69927006 69928406 1400 5 4 -5911
CTTN 2017 | T11F042B1129 chrll 69931305 69930105 69931505 1400 7 6 -9013
CTTN 2017 | T11F042B6FOC chrll 69955340 69954140 69955540 1400 8 3 -33048
EPHA4 2043 | TO2ROD3BA331 | chr2 222012209 222012009 222013409 1400 12 10 -21201
EPHA4 2043 | TO2ROD3BA80D | chr2 222013453 222013253 222014653 1400 12 8 -22445
EPHA4 2043 | TO2ROD3C1B54 | chr2 222042964 222042764 222044164 1400 6 5 -51953
EPHA4 2043 | TO2ROD3C277C | chr2 222046076 222045876 222047276 1400 9 7 -55066
EPHB3 2049 | TO3FOB1281DB | chr3 185762267 185761067 185762467 1400 249 49 47
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EPHB3 2049 | TO3F0B128604 chr3 185763332 185762132 185763532 1400 7 6 -1051
ERBB2 2064 | T17F02176491 chrl7 35087505 35086305 35087705 1400 9 4 10414
ERBB2 2064 | T17F02178D11 chrl7 35097873 35096673 35098073 1400 25 6 62
ERBB2 2064 | T17F02178D3C | chrl?7 35097916 35096716 35098116 1400 20 5 13
ERBB2 2064 | T17F0217BAF1 chrl7 35109617 35108417 35109817 1400 8 3 -11686
ERBB2 2064 | T17F0217BB78B chrl?7 35109755 35108555 35109955 1400 452 41 -11768
ERBB2 2064 | T17F02181C78 chrl7 35134584 35133384 35134784 1400 517 14 -36660
EYA4 2070 | TO6FO7F6A353 chré 133604179 133602979 133604379 1400 22 5 27
EYA4 2070 | TO6FO7F71E52 chré 133635666 133634466 133635866 1400 21 8 -31456
EYA4 2070 | TO6FO7F71E6A chré 133635690 133634490 133635890 1400 5 3 -31484
EYA4 2070 | TO6FO7F71EB8 chré 133635768 133634568 133635968 1400 1606 213 -31557
EYA4 2070 | TO6FO7F87ESE chré 133725790 133724590 133725990 1400 66 31 -121584
ESR1 2099 | TO6F0911FO0D chré 152170509 152169309 152170709 1400 9 3 -128
ESR1 2099 | TO6F0911F2B8 chré 152171192 152169992 152171392 1400 5 4 -813
FDFT1 2222 | TO8FOOB27E19 chr8 11697689 11696489 11697889 1400 472 42 6
FDFT1 2222 | TO8FO0B2944F chr8 11703375 11702175 11703575 1400 39 9 -5744
FGF3 2248 | T11R042213BE chrll 69342142 69341942 69343342 1400 148 73 -8208
FGF3 2248 | T11R042214B5 | chrll 69342389 69342189 69343589 1400 7 5 -8454
FLT4 2324 | TO5R0AB9D601 | chr5 179951105 179950905 179952305 1400 5 3 -5275
FLT4 2324 | TO5ROABA043F | chr5 179962943 179962743 179964143 1400 5 3 -17113
FLT4 2324 | TO5R0ABAB71B | chr5 180008731 180008531 180009931 1400 10 9 -62899
FOS 2353 | T14F0475906E chrl4 74813550 74812350 74813750 1400 20 12 1735
FOS 2353 | T14F04759734 chrl4 74815284 74814084 74815484 1400 136 64 5
G6PD 2539 | TOXR0924A9F6 | chrX 153397750 153397550 153398950 1400 29 13 15076
G6PD 2539 | TOXR09251E56 chrX 153427542 153427342 153428742 1400 8 5 -14723
G6PD 2539 | TOXR0925211F chrX 153428255 153428055 153429455 1400 2810 815 -15377
G6PD 2539 | TOXR09252298 chrX 153428632 153428432 153429832 1400 31 6 -15798
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XRCC6 2547 | T22F026703EA chr22 40305642 40304442 40305842 1400 6 4 41599
XRCC6 2547 | T22F02674663 chr22 40322659 40321459 40322859 1400 20 15 24583
XRCC6 2547 | T22F0267A678 chr22 40347256 40346056 40347456 1400 312 29 35
XRCC6 2547 | T22F02680B29 chr22 40373033 40371833 40373233 1400 17 9 -25791
GLI1 2735 | T12F0358A1E4 chrl2 56140260 56139060 56140460 1400 7 6 -59
GLI1 2735 | T12F0358A820 chrl2 56141856 56140656 56142056 1400 5 3 -1655
GLI1 2735 | T12F0358CDAC | chrl2 56151372 56150172 56151572 1400 6 6 -11171
HGF 3082 | TO7R04D68E57 | chr7 81170007 81169807 81171207 1400 11 7 -607
HIF1A 3091 | T14F03A652F4 chrl4 61231860 61230660 61232060 1400 9 4 161
HIF1A 3091 | T14F03A65377 chr14 61231991 61230791 61232191 1400 495 78 73
FOXA1 3169 | T14R02367B73 | chrl4 37124979 37124779 37126179 1400 5 4 3979
FOXA1 3169 | T14R023692AC | chrl4 37130924 37130724 37132124 1400 79 19 -1964
FOXA1 3169 | T14R02369EA1 chr14 37133985 37133785 37135185 1400 86 4 -4957
FOXA1 3169 | T14R02369F72 chrl4 37134194 37133994 37135394 1400 225 73 -5217
HOXA7 3204 | TO7RO19E59D8 | chr7 27154904 27154704 27156104 1400 142 92 4977
HOXA7 3204 | TO7R019E6266 chr7 27157094 27156894 27158294 1400 19 9 2798
HOXA7 3204 | TO7R019E68C7 chr7 27158727 27158527 27159927 1400 26 8 1154
HOXA7 3204 | TO7RO19E763A | chr?7 27162170 27161970 27163370 1400 11 3 -2252
HOXA7 3204 | TO7R019E7704 chr7 27162372 27162172 27163572 1400 5 5 -2493
HOXA7 3204 | TO7R019E77C9 chr7 27162569 27162369 27163769 1400 10 3 -2690
HOXA7 3204 | TO7RO19E7867 chr7 27162727 27162527 27163927 1400 6 4 -2846
HOXA10 3206 | TO7RO19EAB59 | chr7 27175769 27175569 27176969 1400 5 4 986
HOXA10 3206 | TO7RO19ED342 | chr7 27185986 27185786 27187186 1400 12 5 -9232
HOXA13 3209 | TO7RO19EE8A6 chr7 27191462 27191262 27192662 1400 6 3 11581
HOXA13 3209 | TO7RO19EF42B chr7 27194411 27194211 27195611 1400 5 3 8630
HOXA13 3209 | TO7RO19F1C57 chr7 27204695 27204495 27205895 1400 5 5 -1654
HOXA13 3209 | TO7RO19F21D0 | chr7 27206096 27205896 27207296 1400 7 3 -3053
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HOXC8 3224 | T12F0323F82C chrl2 52688940 52687740 52689140 1400 6 3 226
HOXC8 3224 | T12F0323F8A8 chr12 52689064 52687864 52689264 1400 57 6 163
HOXD9 3235 | TO2FOA8825ED | chr2 176694765 176693565 176694965 1400 9 8 569
HOXD9 3235 | TO2FOA8826B6 | chr2 176694966 176693766 176695166 1400 5 4 369
HOXD9 3235 | TO2FOA8826E1 chr2 176695009 176693809 176695209 1400 5 3 325
HOXD10 3236 | TO2FOA87FC88 chr2 176684168 176682968 176684368 1400 6 4 5572
HOXD10 3236 | TO2FOA87FECB chr2 176684747 176683547 176684947 1400 7 3 4992
HOXD10 3236 | TO2FOA880D8C | chr2 176688524 176687324 176688724 1400 5 3 1214
HSD17B4 3295 | TO5F0714FD5B chr5 118816091 118814891 118816291 1400 123 8 55
HSPB1 3315 | TO7F04842846 chr7 75769926 75768726 75770126 1400 7340 2898 82
HSPB1 3315 | TO7F048428C9 chr7 75770057 75768857 75770257 1400 6 4 -198
HSPB1 3315 | TO7F04842947 chr7 75770183 75768983 75770383 1400 13 4 -296
HSPB1 3315 | TO7F04842962 chr7 75770210 75769010 75770410 1400 9 6 -345
HSPB1 3315 | TO7F04842BB6 chr7 75770806 75769606 75771006 1400 44 6 -943
HSPB1 3315 | TO7F04842CAC chr7 75770956 75769756 75771156 1400 66 19 -1070
IGFBP3 3486 | TO7R02BC79E0 | chr7 45906400 45906200 45907600 1400 17 12 11986
IL6ST 3572 | TO5R034B60FB | chr5 55271675 55271475 55272875 1400 5 3 796
IL6ST 3572 | TO5R034C36C7 | chr5 55326407 55326207 55327607 1400 10 3 -53918
IL6ST 3572 | TO5R034C3715 chr5 55326485 55326285 55327685 1400 26 6 -54000
IRF1 3659 | TO5R07DB6C78 | chr5 131820664 131820464 131821864 1400 5 3 26032
JUN 3725 | TO1R03849648B chrl 59020875 59020675 59022075 1400 60 48 -1805
JUN 3725 | TO1R03849996 chrl 59021718 59021518 59022918 1400 8 7 -2645
JUN 3725 | TO1R03849BDF | chrl 59022303 59022103 59023503 1400 788 187 -3191
KPNA2 3838 | T17F03C7B6FE chrl7 63420158 63418958 63420358 1400 6 5 42159
KPNA2 3838 | T17F03C7B83F chrl?7 63420479 63419279 63420679 1400 8 4 41831
KPNA2 3838 | T17F03C85BA9 | chrl?7 63462313 63461113 63462513 1400 155 21 42
KRAS 3845 | T12R0181F76E chrl2 25294702 25294502 25295902 1400 6 3 -45230
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STMIN1 3925 | TO1R018E5699 chrl 26105497 26105297 26106697 1400 241 110 -6282
TACSTD2 4070 | TO1R03816902 chrl 58812674 58812474 58813874 1400 8 3 574
TACSTD2 4070 | TO1R03817418 chrl 58815512 58815312 58816712 1400 140 34 -2244
TACSTD2 4070 | TO1R038174CD | chrl 58815693 58815493 58816893 1400 5 3 -2442
TACSTD2 4070 | TO1R03817519 chrl 58815769 58815569 58816969 1400 7 6 -2520
MAD2L1 4085 | TO4R07397A5D | chrd 121207389 121207189 121208589 1400 30 10 -7296
MCAM 4162 | T11R071318F9 chrll 118692089 118691889 118693289 1400 6 4 -7625
MDK 4192 | T11F02C3619A | chrll 46358938 46357738 46359138 1400 9 3 281
MDK 4192 | T11F02C362BD | chrll 46359229 46358029 46359429 1400 18 3 29
MDK 4192 | T11F02C36521 chrll 46359841 46358641 46360041 1400 777 114 -569
MLH1 4292 | TO3F0234BA6C | chr3 37010028 37008828 37010228 1400 22 3 1
MMP1 4312 | T11R06170D96 | chrll 102174102 102173902 102175302 1400 31 11 -8218
MUC1 4582 | TO1R0924F926 chrl 153418022 153417822 153419222 1400 8 3 6930
MYC 4609 | TO8FO7ACFDA7 | chr8 128777639 128776439 128777839 1400 8 8 39859
MYC 4609 | TO8FO7AD9959 | chr8 128817497 128816297 128817697 1400 68 23 2
MYC 4609 | TO8FO7AD99FB | chr8 128817659 128816459 128817859 1400 76 18 -161
MYC 4609 | TO8FO7ADSFF8 chr8 128819192 128817992 128819392 1400 12 3 -1675
MYL6 4637 | T12F0344C48A | chrl2 54838410 54837210 54838610 1400 406 186 -11
NDN 4692 | T15R01473600 chrl5 21444096 21443896 21445296 1400 199 71 37576
NDUFB9 4715 | TO8FO77CD141 chr8 125620545 125619345 125620745 1400 142 11 1
NFKBIA 4792 | T14R02153258 chrl4 34943576 34943376 34944776 1400 6 6 -3090
NME1 4830 | T17F02C6D871 chrl7 46585969 46584769 46586169 1400 546 55 4
NTRK1 4914 | TO1FO93DCE48 chrl 155045448 155044248 155045648 1400 7 6 6718
NTRK1 4914 | TO1FO93E98BF chrl 155097279 155096079 155097479 1400 10 3 -45113
0DC1 4953 | TO2RO09FAB95 | chr2 10464149 10463949 10465349 1400 5 4 33827
PCNA 5111 | T20R004D091C | chr20 5048604 5048404 5049804 1400 168 46 -4954
PDGFB 5155 | T22R02435B39 | chr22 37968697 37968497 37969897 1400 25 23 -19009
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PDGFB 5155 | T22R02436009 chr22 37969929 37969729 37971129 1400 26 9 -20233
PDGFB 5155 | T22R024363F5 chr22 37970933 37970733 37972133 1400 86 31 -21227
PIK3CA 5290 | TO3FOABFE269 chr3 180347497 180346297 180347697 1400 7 4 1510
PIK3CA 5290 | TO3FOABFE7A7 chr3 180348839 180347639 180349039 1400 17 9 175
PIK3CA 5290 | TO3FOABFE7CB | chr3 180348875 180347675 180349075 1400 11 7 139
PITX1 5307 | TO5R0802BE53 chr5 134397523 134397323 134398723 1400 35 11 -6136
PITX1 5307 | TO5R0802BF5D | chr5 134397789 134397589 134398989 1400 108 14 -6397
PLK1 5347 | T16F0168128F chrlé 23597711 23596511 23597911 1400 203 17 58
PRRX1 5396 | TO1FOA1130CC | chrl 168898764 168897564 168898964 1400 36 4 1279
PRRX1 5396 | TO1FOA11316F chrl 168898927 168897727 168899127 1400 124 25 1062
PRRX1 5396 | TO1FOA1135A5 | chrl 168900005 168898805 168900205 1400 18 3 -68
PPARG 5468 | TO3FOOBBBF6E chr3 12304238 12303038 12304438 1400 8 3 142
PPARG 5468 | TO3FOOBBC027 chr3 12304423 12303223 12304623 1400 181 24 16
PPARG 5468 | TO3FOOBBC0O90 chr3 12304528 12303328 12304728 1400 7 3 -160
PPARG 5468 | TO3FOOBBC165 chr3 12304741 12303541 12304941 1400 12 8 -382
PPARG 5468 | TO3FOOBBC2A3 | chr3 12305059 12303859 12305259 1400 6 3 -700
PPARG 5468 | TO3FOOBBC4A0 | chr3 12305568 12304368 12305768 1400 127 49 -1158
PRKDC 5591 | TO8RO2EAC363 | chr8 48939875 48939675 48941075 1400 6 3 -91633
PTEN 5728 | T10F05575F54 chr10 89612116 89610916 89612316 1400 7 4 1077
PTEN 5728 | T10F0557600C chrl0 89612300 89611100 89612500 1400 104 19 936
PTEN 5728 | T10F055762C7 chr10 89612999 89611799 89613199 1400 5 3 190
PTEN 5728 | T10F05576323 chr10 89613091 89611891 89613291 1400 26 3 94
PTEN 5728 | T10F05576431 chr10 89613361 89612161 89613561 1400 3421 275 7
PTEN 5728 | T10F05576488 chr10 89613448 89612248 89613648 1400 21 3 -262
PTEN 5728 | T10F05585AA0 | chrl0 89676448 89675248 89676648 1400 8 3 -63268
PTGS1 5742 | TO9F0766B959 chr9 124172633 124171433 124172833 1400 27 6 439
PTGS1 5742 | TO9F0766BB44 chr9 124173124 124171924 124173324 1400 454 107 -21
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PTGS1 5742 | TO9F0766CBF3 chr9 124177395 124176195 124177595 1400 7 4 -4333
PTGS1 5742 | TO9F0766D679 chr9 124180089 124178889 124180289 1400 6 5 -7039
PTGS2 5743 | TO1ROBOAFE28 chrl 184876584 184876384 184877784 1400 6 3 31027
PTK2 5747 | TO8RO873A9DA | chr8 141797850 141797650 141799050 1400 27 5 -60096
PTK2 5747 | TO8R08743FA1 chr8 141836097 141835897 141837297 1400 7 5 -98396
PTK2 5747 | TOSRO874EA13 chr8 141879827 141879627 141881027 1400 12 3 -142092
PTK2 5747 | TO8RO87582EE chrg 141918958 141918758 141920158 1400 5 3 -181254
PTK2 5747 | TO8R0O8759CCC | chr8 141925580 141925380 141926780 1400 15 3 -187876
PTK2 5747 | TO8RO875F5EC chr8 141948396 141948196 141949596 1400 10 9 -210693
PTK2 5747 | TO8RO8761E85 chr8 141958789 141958589 141959989 1400 21 4 -221085
PTK2 5747 | TO8R0O8763BBD | chr8 141966269 141966069 141967469 1400 9 3 -228566
PTK2 5747 | TO8R0O876C15D | chr8 142000477 142000277 142001677 1400 15 3 -262751
PTK2 5747 | TO8R0O877F91D | chr8 142080285 142080085 142081485 1400 86 14 -342506
PTK2 5747 | TO8RO877F993 chr8 142080403 142080203 142081603 1400 8 3 -342683
RAF1 5894 | TO3ROOCO5A1D | chr3 12605981 12605781 12607181 1400 5 3 -5853
RAF1 5894 | TO3R00C06818 | chr3 12609560 12609360 12610760 1400 12 12 -9432
RAF1 5894 | TO3R00C08240 | chr3 12616256 12616056 12617456 1400 8 3 -16124
RAF1 5894 | TO3RO0CO90CD | chr3 12619981 12619781 12621181 1400 11 7 -19851
RAF1 5894 | TO3RO0CO90E9 chr3 12620009 12619809 12621209 1400 5 -19880
RAF1 5894 | TO3ROOC0935A | chr3 12620634 12620434 12621834 1400 5 3 -20506
RAF1 5894 | TO3R00COB214 | chr3 12628500 12628300 12629700 1400 28 9 -28372
RAF1 5894 | TO3RO0COB241 | chr3 12628545 12628345 12629745 1400 5 4 -28418
RAF1 5894 | TO3RO0C17BC8 | chr3 12680136 12679936 12681336 1400 9 4 -80006
RB1 5925 | T13F02D90090 | chrl3 47775888 47774688 47776088 1400 736 87 74
RB1 5925 | T13F02D99872 chrl3 47814770 47813570 47814970 1400 10 5 -38856
RB1 5925 | T13F02D9DC5B | chrl3 47832155 47830955 47832355 1400 11 4 -56242
RB1 5925 | T13F02D9E777 chr13 47834999 47833799 47835199 1400 10 3 -59083
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RB1 5925 | T13F02DA1EB7 | chrl3 47849143 47847943 47849343 1400 5 3 -73231
RB1 5925 | T13F02DA4EE1 | chrl3 47861473 47860273 47861673 1400 8 4 -85561
RPL7 6129 | TOBRO46EA732 chr8 74360626 74360426 74361826 1400 5 3 4819
S100A1 6271 | TO1FO90D505B | chrl 151867483 151866283 151867683 1400 13 3 28
S100A1 6271 | TO1F090D5092 chrl 151867538 151866338 151867738 1400 48 20 -34
S100P 6286 | TO4FO066F188 chr4 6746504 6745304 6746704 1400 198 66 -36
CCL5 6352 | T17RO1DC8DF5 | chrl?7 31231477 31231277 31232677 1400 158 23 -8845
SFRP1 6422 | TOBR02754CBD | chr8 41241789 41241589 41242989 1400 12 3 -3135
SFRP1 6422 | TO8RO275F977 chr8 41286007 41285807 41287207 1400 12 3 -47336
SFRP2 6423 | TO4R093C09C4 | chr4 154929604 154929404 154930804 1400 9 6 -8387
SFRP4 6424 | TO7R0241F462 chr7 37876834 37876634 37878034 1400 7 7 35252
SLN 6588 | T11R06613608 chrll 107034120 107033920 107035320 1400 6 6 49216
TAGLN 6876 | T11FO6F2CC43 chrll 116575299 116574099 116575499 1400 623 184 -43
TAGLN 6876 | T11FO6F2DF86 chrll 116580230 116579030 116580430 1400 8 3 -4980
NR2F2 7026 | T15F05A47F2D | chrl5 94666541 94665341 94666741 1400 5 4 8409
NR2F2 7026 | T15F05A48D39 | chrl5 94670137 94668937 94670337 1400 6 3 4821
NR2F2 7026 | T15FO5A49F6B chrl5 94674795 94673595 94674995 1400 120 26 157
NR2F2 7026 | T15F05A49FF4 chrl5 94674932 94673732 94675132 1400 230 29 48
NR2F2 7026 | T15F05A4A034 | chrl5 94674996 94673796 94675196 1400 66 36 -41
NR2F2 7026 | T15FO5A4A04E chrl5 94675022 94673822 94675222 1400 76 27 -68
NR2F2 7026 | T15FO5A4A09F chrl5 94675103 94673903 94675303 1400 6 -148
NR2F2 7026 | T15F05A4A11A | chrl5 94675226 94674026 94675426 1400 6 3 -276
NR2F2 7026 | T15F05A4A136 | chrl5 94675254 94674054 94675454 1400 13 6 -304
NR2F2 7026 | T15FO05A4A9FA | chrl5 94677498 94676298 94677698 1400 13 6 -2546
TFRC 7037 | TO3ROBC205B6 | chr3 197264822 197264622 197266022 1400 12 3 -4025
TFRC 7037 | TO3ROBC234B9 | chr3 197276857 197276657 197278057 1400 7 3 -16093
TFRC 7037 | TO3ROBC24B8B | chr3 197282699 197282499 197283899 1400 19 7 -21934

118




TFRC 7037 | TO3ROBC2742B | chr3 197293099 197292899 197294299 1400 5 5 -32337
TGFA 7039 | TO2R04342F2A | chr2 70528810 70528610 70530010 1400 10 7 -869
TGFB1 7040 | T19R02C65141 chrl9 46551361 46551161 46552561 1400 400 44 -22746
TGFB1 7040 | T19R02C651D4 | chrl9 46551508 46551308 46552708 1400 82 7 -22944
TGFBI 7045 | TO5F0811EC9C chr5 135392412 135391212 135392612 1400 7 4 185
TGFBI 7045 | TOS5F0811ED43 chr5 135392579 135391379 135392779 1400 3031 1092 94
TGFBI 7045 | TOSFO811FFEE chr5 135397358 135396158 135397558 1400 7 3 -4759
TGFBI 7045 | TO5F0812316A chr5 135410026 135408826 135410226 1400 9 3 -17398
TGFBR1 7046 | TO9F0603B884 chr9 100907140 100905940 100907340 1400 34 5 132
TGFBR1 7046 | TO9F0603B8D3 | chr9 100907219 100906019 100907419 1400 1970 219 51
TGFBR1 7046 | TO9F0603BA32 chr9 100907570 100906370 100907770 1400 5 3 -337
TIMP1 7076 | TOXF02D2255B | chrX 47326555 47325355 47326755 1400 17 5 79
TIMP1 7076 | TOXF02D2263B | chrX 47326779 47325579 47326979 1400 930 109 3
TIMP3 7078 | T22F01E11308B chr22 31527691 31526491 31527891 1400 13867 7359 -798
TIMP3 7078 | T22F01E11350 chr22 31527760 31526560 31527960 1400 7 4 -958
TIMP3 7078 | T22F01E116B3 chr22 31528627 31527427 31528827 1400 63 46 -1825
TIMP3 7078 | T22FO1E11AD5 | chr22 31529685 31528485 31529885 1400 53 27 -2880
TIMP3 7078 | T22F01E1B404 chr22 31568900 31567700 31569100 1400 5 3 -42076
TOP2A 7153 | T17R022294CD | chrl?7 35820749 35820549 35821949 1400 7 3 -22407
TP53 7157 | T17R0072ECOA | chrl?7 7531530 7531330 7532730 1400 25 6 -19037
TP53 7157 | T17R0072EC40 chrl7 7531584 7531384 7532784 1400 14 4 -19098
HSP90B1 7184 | T12F06215701 chrl2 102848257 102847057 102848457 1400 14 3 89
HSP90B1 7184 | T12F0621573E chrl2 102848318 102847118 102848518 1400 5759 909 42
HSP90B1 7184 | T12F06215EA2 chrl2 102850210 102849010 102850410 1400 6 4 -1876
HSP90B1 7184 | T12F06216523 chrl2 102851875 102850675 102852075 1400 8 4 -3554
HSP90B1 7184 | T12F062165C9 chr12 102852041 102850841 102852241 1400 12 3 -3708
HSP90B1 7184 | T12F06217641 chrl2 102856257 102855057 102856457 1400 14 3 -7938
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HSP90B1 7184 | T12F0621825A chrl2 102859354 102858154 102859554 1400 5 3 -11016
HSP90B1 7184 | T12F06218B83 chrl2 102861699 102860499 102861899 1400 17 5 -13326
HSP90B1 7284 | T16R01B692C4 | chrl6 28742340 28742140 28743540 1400 25 11 19301
HSP90B1 7284 | T16R01B69315 chrlé 28742421 28742221 28743621 1400 6 4 19214
HSP90B1 7284 | T16R01B6945B | chrl6 28742747 28742547 28743947 1400 19 15 18896
TWIST1 7291 | TO7R0123CE48 chr7 19123784 19123584 19124984 1400 44 21 -2149
TYMS 7298 | T18FO009E1CO chrl8 647616 646416 647816 1400 1409 122 189
TYMS 7298 | T18FOO09E1F4 chrl8 647668 646468 647868 1400 40 8 -16
TYMS 7298 | T18FO009E21D chrl8 647709 646509 647909 1400 600 91 -44
TYMS 7298 | T18FO009E316 chrl8 647958 646758 648158 1400 5 3 -307
TYMS 7298 | T18FOO009E44F chrl8 648271 647071 648471 1400 5 4 -613
VCAM1 7412 | TO1FO6047EBE chrl 100957886 100956686 100958086 1400 70 17 4
VDR 7421 | T12R02C55098 | chrl2 46485656 46485456 46486856 1400 8 7 35951
VDR 7421 | T12R02C56D9B | chrl2 46493083 46492883 46494283 1400 9 4 28522
VDR 7421 | T12R02C58860 | chrl2 46499936 46499736 46501136 1400 255 22 21706
VDR 7421 | T12R02C5891F chrl2 46500127 46499927 46501327 1400 21 13 21480
VDR 7421 | T12R02C5A591 | chrl2 46507409 46507209 46508609 1400 9 4 14196
VDR 7421 | T12R02C67E07 chrl2 46562823 46562623 46564023 1400 9 4 -41204
VDR 7421 | T12R02C6D37D | chrl2 46584701 46584501 46585901 1400 15 5 -63080
VSNL1 7447 | TO2F010C552E chr2 17585454 17584254 17585654 1400 244 28 -67
VSNL1 7447 | TO2FO10DFE47 chr2 17694279 17693079 17694479 1400 12 3 -108989
WNT10B 7480 | T12R02D6E495 | chrl2 47637653 47637453 47638853 1400 220 50 7780
WNT9A 7483 | TO1IROD7ACD43 | chrl 226151747 226151547 226152947 1400 6 5 23590
WNTSA 7483 | TO1ROD7B2DAB | chrl 226176427 226176227 226177627 1400 7 4 -1089
WNT9A 7483 | TO1ROD7B3252 | chrl 226177618 226177418 226178818 1400 37 13 -2281
WNTSA 7483 | TO1ROD7B8ESE | chrl 226201182 226200982 226202382 1400 15 6 -25844
XRCC1 7515 | T19R02E78D8E | chrl9 48729486 48729286 48730686 1400 6 3 9836
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CXCR4 7852 | TO2R0823A48D | chr2 136553613 136553413 136554813 1400 6 4 34795
CXCR4 7852 | TO2R08243B3D | chr2 136592189 136591989 136593389 1400 32 18 -3776
PDHX 8050 | T11F0213F6E7 chrll 34862823 34861623 34863023 1400 7 6 31918
PDHX 8050 | T11F021472FC chrll 34894588 34893388 34894788 1400 19 6 202
PDHX 8050 | T11F02147395 chrll 34894741 34893541 34894941 1400 542 54 52
PDHX 8050 | T11F02155D85 chrll 34954629 34953429 34954829 1400 6 4 -59888
FOSL1 8061 | T11RO3E62FF5 chrll 65417205 65417005 65418405 1400 15 4 -914
FOSL1 8061 | T11R03E633A6 | chrll 65418150 65417950 65419350 1400 8 3 -1844
FOSL1 8061 | T11RO3E64C33 chrll 65424435 65424235 65425635 1400 1586 261 -8090
NCOA3 8202 | T20F02B740B7 chr20 45564087 45562887 45564287 1400 103 14 82
NCOA3 8202 | T20F02B977A8 chr20 45709224 45708024 45709424 1400 7 3 -145160
SOCS1 8651 | T1I6RO0AB8BE3C | chrl6 11243068 11242868 11244268 1400 5 4 12724
SOCSs1 8651 | T16R00ABIFD7 | chrl6 11247575 11247375 11248775 1400 7 6 8217
HYAL2 8692 | TO3R030008D4 | chr3 50333908 50333708 50335108 1400 153 47 -3587
TNFSF10 8743 | TO3ROA5AD10A | chr3 173723914 173723714 173725114 1400 16 13 -17737
TNFSF10 8743 | TO3ROA5AD12F | chr3 173723951 173723751 173725151 1400 14 4 -17761
SOCS3 9021 | T17R04671CEB | chrl7 73866475 73866275 73867675 1400 24 8 -1970
SOCS3 9021 | T17R04671DF8 | chrl7 73866744 73866544 73867944 1400 10 5 -2247
SOCS3 9021 | T17R04672104 | chrl7 73867524 73867324 73868724 1400 11 4 -3027
SOCS3 9021 | T17R04672152 chrl7 73867602 73867402 73868802 1400 7 3 -3119
RPL14 9045 | TO3F026994EA chr3 40473834 40472634 40474034 1400 1062 423 29
EBAGY9 9166 | TO8FO697F1B3 chr8 110621107 110619907 110621307 1400 21 5 4
EBAGY 9166 | TO8FO697F200 chrg 110621184 110619984 110621384 1400 10 4 -55
EBAGY 9166 | TO8FO697F247 chrg 110621255 110620055 110621455 1400 26 6 -150
PTTG1 9232 | TO5F0986124B chr5 159781451 159780251 159781651 1400 24 3 3
KLF4 9314 | TO9R0683A318 | chr9 109290264 109290064 109291464 1400 29 4 -3271
KLF4 9314 | TO9R0683A3D8 | chr9 109290456 109290256 109291656 1400 6 3 -3481
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KLF4 9314 | TO9R0683A436 | chr9 109290550 109290350 109291750 1400 40 4 -3553
KLF4 9314 | TO9R0683A6D6 | chr9 109291222 109291022 109292422 1400 6 4 -4246
IKBKE 9641 | TO1FOC33A22A | chrl 204710442 204709242 204710642 1400 174 35 23
IKBKE 9641 | TO1FOC3403C0 chrl 204735424 204734224 204735624 1400 6 6 -25005
TUSC4 10641 | TO3R03007B32 chr3 50363186 50362986 50364386 1400 195 11 -3209
NUDT6 11162 | TO4R07650DCD | chr4 124063181 124062981 124064381 1400 27 3 -29898
CCT5 22948 | TO5F009D37D1 | chr5 10303441 10302241 10303641 1400 297 14 -73
ANGPTL2 23452 | TO9RO7AE6608 | chr9 128869896 128869696 128871096 1400 15 3 19573
ANGPTL2 23452 | TO9RO7AF0377 chr9 128910199 128909999 128911399 1400 23 6 -20730
ANGPTL2 23452 | TO9RO7AF0425 chr9 128910373 128910173 128911573 1400 6 3 -20903
ANGPTL2 23452 | TO9RO7AFO5D9 | chr9 128910809 128910609 128912009 1400 6 5 -21340
TMEFF2 23671 | TO2ROB7D6687 | chr2 192767623 192767423 192768823 1400 33 15 -244615
STOML2 30968 | TO9R021779C1 chr9 35092929 35092729 35094129 1400 19 4 -2977
ACP6 51205 | TO1R08ADD126 | chrl 145608998 145608798 145610198 1400 5 3 -23177
LRP1B 53353 | TO2R08623F39 chr2 140656441 140656241 140657641 1400 5 4 49043
LRP1B 53353 | TO2R0862D8C3 | chr2 140695747 140695547 140696947 1400 11 7 9739
LRP1B 53353 | TO2R0862DCDA | chr2 140696794 140696594 140697994 1400 10 9 8692
LRP1B 53353 | T02R08636480 chr2 140731520 140731320 140732720 1400 6 6 -26036
LRP1B 53353 | TO2R0864549B chr2 140792987 140792787 140794187 1400 8 6 -87501
LRP1B 53353 | TO2RO87EF663 chr2 142538339 142538139 142539539 1400 8 5 | 1832855
LRP1B 53353 | TO2RO87FFAD1 | chr2 142605009 142604809 142606209 1400 49 14 | 1899507
FXYD5 53827 | T19F02677F7E chrl9 40337278 40336078 40337478 1400 6 3 210
FXYD5 53827 | T19F02678046 chrl9 40337478 40336278 40337678 1400 395 45 12
FXYD5 53827 | T19F0267822B chr19 40337963 40336763 40338163 1400 21 3 -470
ADAMTS9 56999 | TO3RO3D7EES5 | chr3 64482901 64482701 64484101 1400 5 3 -6512
ADAMTS9 56999 | TO3R03D8566A | chr3 64509546 64509346 64510746 1400 15 4 -33154
ADAMTS9 56999 | TO3R03DA03BD | chr3 64619453 64619253 64620653 1400 29 10 -143056
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ADAMTS9 56999 | TO3RO3DAS5CO5 | chr3 - 64642053 64641853 64643253 1400 44 21 -165661
ADAMTS9 56999 | TO3RO3DA70E9 | chr3 - 64647401 64647201 64648601 1400 7 4 | -171012
ADAMTS9 56999 | TO3RO3DA74A0 | chr3 - 64648352 64648152 64649552 1400 31 4 | -171920
VCPIP1 80124 | TO8R040929BC | chr8 - 67709372 67709172 67710572 1400 7 3 -4279
VCPIP1 80124 | TO8RO409A7CD | chr8 - 67741645 67741445 67742845 1400 6 4 -36571
TUBB 203068 | TO6F01D5E951 | chrb + 30796113 30794913 30796313 1400 2205 629 159
Category C4: ESCC genes lacking experimental proof verifying estrogen responsiveness that were not predicted to be estrogen responsive.

Gene Total

Symbol GenelD | TSS Chromosome | Strand | TSSStart SequenceStart | SequenceStop | Promotersize | Tags RepTags | Distance:
ACAN 176 | T15F0531C4C0O chrl5 + 87147712 87146512 87147912 1400 66 18 304
ALOXSAP 241 | T13FO1CCEECO | chri3 + 30207680 30206480 30207880 1400 18 3 6
ALOX5AP 241 | T13FO1CCF29A | chrl3 + 30208666 30207466 30208866 1400 11 8 -995
FAS 355 | T10F0568968C | chrl0 + 90740364 90739164 90740564 1400 38 4 -85
FAS 355 | T10F05689727 | chrl0 + 90740519 90739319 90740719 1400 60 4 -251
FAS 355 | T10F056897C7 | chrl0 + 90740679 90739479 90740879 1400 24 3 -378
FAS 355 | T10F056897F7 chrl0 + 90740727 90739527 90740927 1400 8 6 -459
FAS 355 | T10F056898D5 | chrl0 + 90740949 90739749 90741149 1400 11 7 -667
AXL 558 | T19F02C44336 chrl9 + 46416694 46415494 46416894 1400 125 13 0
AXL 558 | T19F02C4444A | chrl9 + 46416970 46415770 46417170 1400 1358 109 -200
AXL 558 | T19F02C49618 chrl9 + 46437912 46436712 46438112 1400 6 6 -21249
AXL 558 | T19F02C4AC3C | chrl9 + 46443580 46442380 46443780 1400 6 3 -26917
BAGE 574 | T21R009A6D82 | chr21 - 10120578 10120378 10121778 1400 18 5 -40893
KLF5 688 | T13F0452BCC8 chrl3 + 72531144 72529944 72531344 1400 810 262 37
KLF5 688 | T13F0452BD65 | chrl3 + 72531301 72530101 72531501 1400 11 3 -158
KLF5 688 | T13F0452BEF6 chrl3 + 72531702 72530502 72531902 1400 15 4 -516
KLF5 688 | T13F0452C98F | chrl3 + 72534415 72533215 72534615 1400 18 4 -3266
KLF5 688 | T13F0452C9FB chrl3 + 72534523 72533323 72534723 1400 15 4 -3342
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KLF5 688 | T13F0452CD07 | chrl3 72535303 72534103 72535503 1400 9 5 -4154
CDH5 1003 | T16FO3DF2E28 chrl6 64957992 64956792 64958192 1400 8 3 72
CDH5 1003 | T16FO3DF2E87 chrl6 64958087 64956887 64958287 1400 51 9 27
CDKN2A 1029 | TO9R014F27CD | chr9 21964749 21964549 21965949 1400 5 4 -6979
CDKN2A 1029 | TOSR014F2832 chr9 21964850 21964650 21966050 1400 42 3 -7059
CDKN2A 1029 | TOSR014F292E chr9 21965102 21964902 21966302 1400 9 3 -7331
CDKN2A 1029 | TO9R014F74AA | chr9 21984426 21984226 21985626 1400 54 3 -26581
CDKN2B 1030 | TOSR014F782B chr9 21985323 21985123 21986523 1400 6 5 7598
CENPF 1063 | TO1FOCAFBAA3 | chrl 212843171 212841971 212843371 1400 250 27 36
CENPF 1063 | TO1FOCAFE824 chrl 212854820 212853620 212855020 1400 9 4 -11664
CENPF 1063 | TO1FOCAFF91E chrl 212859166 212857966 212859366 1400 17 8 -16010
COL4AS 1287 | TOXF0669621B chrX 107569691 107568491 107569891 1400 48 9 151
COL4AS5 1287 | TOXFO66AA941 | chrX 107653441 107652241 107653641 1400 27 24 -83631
COL4AS5 1287 | TOXFO66B8F4E chrX 107712334 107711134 107712534 1400 22 6 -142500
COL4AS5 1287 | TOXFO66C005C chrX 107741276 107740076 107741476 1400 7 3 -171427
CLDN7 1366 | T17R006C46D1 | chrl?7 7096017 7095817 7097217 1400 96 12 8195
CLDN7 1366 | T17R006C475E chrl7 7096158 7095958 7097358 1400 9 3 8045
CLDN7 1366 | T17R006C6974 | chrl?7 7104884 7104684 7106084 1400 5 4 -682
CTSB 1508 | TO8RO0B2D17C | chr8 11719036 11718836 11720236 1400 8 4 18425
CTSB 1508 | TO8ROOB2F717 chr8 11728663 11728463 11729863 1400 6 6 8796
CTSB 1508 | TO8RO0B32137 | chr8 11739447 11739247 11740647 1400 14 4 -1984
CTSB 1508 | TO8RO0B321C8 | chr8 11739592 11739392 11740792 1400 5 3 -2130
CTSB 1508 | TO8RO0B3236B | chr8 11740011 11739811 11741211 1400 26 3 -2539
CTSB 1508 | TOSROOB343EA | chr8 11748330 11748130 11749530 1400 6 4 -10869
CTSL1 1514 | TO9F055621E6 chr9 89530854 89529654 89531054 1400 82 34 14
CTSL1 1514 | TOSF05562225 chr9 89530917 89529717 89531117 1400 41 3 -84
DAPK1 1612 | TO9F0552A64A | chr9 89302602 89301402 89302802 1400 3392 319 279
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DAPK1 1612 | TOSF0552A6B2 chr9 89302706 89301506 89302906 1400 20 4 -119
DAPK1 1612 | TO9F0552A8D1 | chr9 89303249 89302049 89303449 1400 48 4 -579
DAPK1 1612 | TOSF0552A995 chr9 89303445 89302245 89303645 1400 56 16 -851
DAPK1 1612 | TO9FO552EDCB | chr9 89320907 89319707 89321107 1400 13 12 -18330
DAPK1 1612 | TOSF05531156 chr9 89330006 89328806 89330206 1400 99 91 -27427
DAPK1 1612 | TOSF05533347 chr9 89338695 89337495 89338895 1400 13 6 -36119
DAPK1 1612 | TO9F055377BD | chr9 89356221 89355021 89356421 1400 9 4 -53645
DAPK1 1612 | TO9F0553C564 chr9 89376100 89374900 89376300 1400 10 7 -73524
DAPK1 1612 | TO9FO554CDOA | chr9 89443594 89442394 89443794 1400 5 3 -141013
DAPK1 1612 | TOSFO554EF7C chr9 89452412 89451212 89452612 1400 222 73 -149834
DAPK1 1612 | TOSF055520E7 chr9 89465063 89463863 89465263 1400 8 8 -162487
DAPK1 1612 | TOSF055522C3 chr9 89465539 89464339 89465739 1400 5 4 -162963
AKR1C1 1645 | T10FOO4BEEAB chr10 4976299 4975099 4976499 1400 8 3 19158
AKR1C1 1645 | T10F004C3A16 chr10 4995606 4994406 4995806 1400 6935 1730 -134
AKR1C1 1645 | T10F004C45B6 chr10 4998582 4997382 4998782 1400 11 4 -3127
AKR1C1 1645 | T10F004C726F chr10 5010031 5008831 5010231 1400 5 3 -14577
AKR1C2 1646 | T10R004CD811 | chrl0 5036049 5035849 5037249 1400 15826 12178 -14030
DES 1674 | TO2FOD1C66C1 | chr2 219965121 219963921 219965321 1400 9 3 26222
DES 1674 | TO2FOD1CCD2F | chr2 219991343 219990143 219991543 1400 78 15 13
DFFA 1676 | TO1RO09F5181 chrl 10441089 10440889 10442289 1400 7 3 2106
DIAPH2 1730 | TOXFO5B6324C chrX 95826508 95825308 95826708 1400 160 7 -19
DIAPH2 1730 | TOXFO5B8F204 chrX 96006660 96005460 96006860 1400 6 4 -180295
DIAPH2 1730 | TOXFO5BFO1DB | chrX 96403931 96402731 96404131 1400 25 4 -577564
DIAPH2 1730 | TOXFO5C09640 chrX 96507456 96506256 96507656 1400 6 3 -681091
DIAPH2 1730 | TOXFO5C18E4F chrX 96570959 96569759 96571159 1400 6 6 -744594
DIAPH2 1730 | TOXFO5C1C729 chrX 96585513 96584313 96585713 1400 5 3 -759148
DIAPH2 1730 | TOXFO5C2E863 chrX 96659555 96658355 96659755 1400 9 5 -833187

125




DNMT3B 1789 | T20F01D62E20 chr20 30813728 30812528 30813928 1400 13 3 125
DNMT3B 1789 | T20F01D62E9C | chr20 30813852 30812652 30814052 1400 444 195 2
DNMT3B 1789 | T20F01D62F6B chr20 30814059 30812859 30814259 1400 64 5 -197
DNMT3B 1789 | T20F01D66AD5 | chr20 30829269 30828069 30829469 1400 6 6 -15417
DNMT3B 1789 | T20F01D672D4 | chr20 30831316 30830116 30831516 1400 24 4 -17438
DRD2 1813 | T11R06B93E1D | chrll 112803357 112803157 112804557 1400 5 5 -17811
ECGF1 1890 | T22R02F070BF chr22 49311935 49311735 49313135 1400 6 3 -869
ECGF1 1890 | T22R02F07217 chr22 49312279 49312079 49313479 1400 17 5 -1212
ECGF1 1890 | T22R02F074AF chr22 49312943 49312743 49314143 1400 11 3 -1865
ECGF1 1890 | T22R02F07CFB chr22 49315067 49314867 49316267 1400 15 5 -3967
ELF3 1999 | TO1FOBEF8442 chrl 200246338 200245138 200246538 1400 40 14 -2637
ELF3 1999 | TO1FOBEF8468 chrl 200246376 200245176 200246576 1400 57 14 -2676
ERCC1 2067 | T19R03041DF2 | chrl9 50601458 50601258 50602658 1400 14 3 3290
ERCC1 2067 | T19R030460F7 chrl9 50618615 50618415 50619815 1400 169 30 -13795
EREG 2069 | TO4AFO47FAS7E chrd 75449726 75448526 75449926 1400 10 3 1
EREG 2069 | TO4F047F5C4C chr4 75455564 75454364 75455764 1400 6 3 -5840
EREG 2069 | TO4F047F5CF9 chrd 75455737 75454537 75455937 1400 11 4 -6008
ERCC3 2071 | TO2R079C73ES5 chr2 127693797 127693597 127694997 1400 32 18 37557
ERCC3 2071 | TO2R079C75AB | chr2 127694251 127694051 127695451 1400 9 4 37110
ERCC3 2071 | TO2RO79D967E | chr2 127768190 127767990 127769390 1400 125 14 -36799
ETS1 2113 | T11RO79EA343 | chrll 127836995 127836795 127838195 1400 5 3 -3105
ETS1 2113 | T11R079F5247 chrll 127881799 127881599 127882999 1400 10 6 -47908
ETS1 2113 | T11R079F8EB4 chrll 127897268 127897068 127898468 1400 6 3 -63358
ETS1 2113 | T11RO79F8EDC | chrll 127897308 127897108 127898508 1400 11 3 -63408
FGFR1 2260 | TOBRO24A4DF5 | chr8 38424053 38423853 38425253 1400 7 6 -34583
FGFR1 2260 | TO8R024A7589 | chr8 38434185 38433985 38435385 1400 6 3 -44717
FGFR1 2260 | TO8RO24A9F21 chr8 38444833 38444633 38446033 1400 13 4 -55360
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GDI2 2665 | T10R0059D2A0 | chrl0 5886624 5886424 5887824 1400 10 4 -39413
GDI2 2665 | T10R0059DB7C | chrl0 5888892 5888692 5890092 1400 7 4 -41667
GRIN2B 2904 | T12RO0D160BC | chrl2 13721788 13721588 13722988 1400 11 6 -116360
GRIN2B 2904 | T12R00D47108 | chrl2 13922568 13922368 13923768 1400 6 3 -317126
HDAC1 3065 | TO1FO1F04B4D | chrl 32525133 32523933 32525333 1400 10 9 5164
HDAC1 3065 | TO1FO1FOSEF4 chrl 32530164 32528964 32530364 1400 5 4 131
HDAC1 3065 | TO1FO1FO5F74 chrl 32530292 32529092 32530492 1400 992 102 38
HLA-A 3105 | TO6FO1CAOAC1 | chrb 30018241 30017041 30018441 1400 5 3 76
HLA-A 3105 | TO6FO1CAOAFB | chrb 30018299 30017099 30018499 1400 20 4 14
HLA-A 3105 | TO6F01CA1741 chré 30021441 30020241 30021641 1400 45 16 -3130
HNRPK 3190 | TOSR051CD4B0O | chr9 85775536 85775336 85776736 1400 25 16 -2604
HNRPK 3190 | TO9RO51CF6BF chr9 85784255 85784055 85785455 1400 8 3 -11322
HNRPK 3190 | TO9RO51CF6FC chr9 85784316 85784116 85785516 1400 100 19 -11345
HNRPK 3190 | TO9RO51CF766 chr9 85784422 85784222 85785622 1400 25 3 -11467
HNRPK 3190 | TO9RO51CF96F chr9 85784943 85784743 85786143 1400 544 45 -11941
HOXA9 3205 | TO7RO19E7DBO | chr7 27164080 27163880 27165280 1400 47 4 4579
HOXA9 3205 | TO7R019E8942 chr7 27167042 27166842 27168242 1400 29 23 1558
HOXB7 3217 | T17R02A00B5F | chrl?7 44043103 44042903 44044303 1400 9 7 -3488
HOXB9 3219 | T17R02A044C2 | chrl?7 44057794 44057594 44058994 1400 6 3 -4238
HOXB9 3219 | T17R02A04670 | chrl?7 44058224 44058024 44059424 1400 27 8 -4680
HOXD13 3239 | TO2FOA874EAD | chr2 176639661 176638461 176639861 1400 11 5 26120
HOXD13 3239 | TO2FOA87852A | chr2 176653610 176652410 176653810 1400 20 7 12169
HOXD13 3239 | TO2FOA87B45F chr2 176665695 176664495 176665895 1400 23 6 84
IDH1 3417 | TO2R0C722DD4 | chr2 208809428 208809228 208810628 1400 9 3 -210
IDH1 3417 | TO2R0C72734B | chr2 208827211 208827011 208828411 1400 15 5 -17993
IL8 3576 | TO4F04754026 chra 74792998 74791798 74793198 1400 10 8 32141
IL8 3576 | TO4F0475467C chrd 74794620 74793420 74794820 1400 7 5 30519
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IL8 3576 | TO4F0475BDBE | chr4 74825150 74823950 74825350 1400 9 4 -11
ING1 3621 | T13F0690F33A chrl3 110162746 110161546 110162946 1400 6 6 338
ING1 3621 | T13F0690F3C1 chrl3 110162881 110161681 110163081 1400 11 8 203
ING1 3621 | T13F0690F850 chrl3 110164048 110162848 110164248 1400 55 11 -893
ING1 3621 | T13F069100AF chrl3 110166191 110164991 110166391 1400 13 3 -3106
IRF2 3660 | TO4ROBOF2DFO | chr4 185544176 185543976 185545376 1400 6 3 1752
IRF2 3660 | TO4ROB108190 | chr4 185631120 185630920 185632320 1400 17 9 -85192
IRF2 3660 | TO4ROB1083F4 chr4 185631732 185631532 185632932 1400 7 3 -85782
IRF2 3660 | TO4ROB1084F8 chr4 185631992 185631792 185633192 1400 26 14 -86065
IRF2 3660 | TO4ROB1085C5 | chr4 185632197 185631997 185633397 1400 25 3 -86262
KRT1 3848 | T12R030F5D62 | chrl2 51338594 51338394 51339794 1400 9 9 16144
KRT1 3848 | T12R030F9FA3 chrl2 51355555 51355355 51356755 1400 9 3 -815
KRT1 3848 | T12RO30FA780 | chrl2 51357568 51357368 51358768 1400 12 5 -2825
LMNA 4000 | TO1F093316DA | chrl 154343130 154341930 154343330 1400 6 3 7992
LMNA 4000 | TO1F09333616 chrl 154351126 154349926 154351326 1400 2047 1249 39
SMAD4 4089 | T18F02C9F1AC chrl8 46789036 46787836 46789236 1400 8 6 21575
SMAD4 4089 | T18F02CA45DE | chrl8 46810590 46809390 46810790 1400 278 72 41
SMAD4 4089 | T18F02CA46D2 | chrl8 46810834 46809634 46811034 1400 5 3 -223
SMAD4 4089 | T18F02CAB2F3 chrl8 46838515 46837315 46838715 1400 14 9 -27904
MAL 4118 | TO2F05AA02C0 | chr2 95027904 95026704 95028104 1400 12 4 27302
MAL 4118 | TO2FO5AA6DAC | chr2 95055180 95053980 95055380 1400 106 35 58
MAL 4118 | TO2FO5AAC59A | chr2 95077786 95076586 95077986 1400 10 6 -22580
MCC 4163 | TOSR06B5A282 | chr5 112566914 112566714 112568114 1400 8 4 -177464
MAP3K3 4215 | T17F038515CC chrl7 59053516 59052316 59053716 1400 127 7 64
MAP3K3 4215 | T17F0385DC2F chrl7 59104303 59103103 59104503 1400 5 3 -50770
MAP3K3 4215 | T17F0385DD17 | chrl7 59104535 59103335 59104735 1400 11 8 -51002
MGMT 4255 | T1I0F07D0C483 | chrl0 131122307 131121107 131122507 1400 8 7 33149
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MGMT 4255 | T10FO7DODC8A | chrl0 131128458 131127258 131128658 1400 11 6 26998
MGMT 4255 | T1I0F07D1462A | chrl0 131155498 131154298 131155698 1400 72 12 18
MGMT 4255 | T10F07D2423C | chrl0 131220028 131218828 131220228 1400 10 3 -64571
MGMT 4255 | T1I0F07D439D8 | chrl0 131348952 131347752 131349152 1400 6 3 -193488
MMP9 4318 | T20F029FE7FE chr20 44034046 44032846 44034246 1400 10 3 36931
MMP9 4318 | T20F029FE83C chr20 44034108 44032908 44034308 1400 7 3 36848
MMP9 4318 | T20F02A0782A | chr20 44070954 44069754 44071154 1400 418 155 35
MMP9 4318 | T20F02A086C9 chr20 44074697 44073497 44074897 1400 5 5 -3743
MMP10 4319 | T11R0615F78D | chrll 102102925 102102725 102104125 1400 16 9 43540
MMP11 4320 | T22F01567BEC chr22 22445036 22443836 22445236 1400 8 6 0
MMP14 4323 | T14F01556CE9 chrl4 22375657 22374457 22375857 1400 161 13 52
MPO 4353 | T17R03336EAQ | chrl7 53702304 53702104 53703504 1400 7 4 -69
MPO 4353 | T17R033392A7 | chrl7 53711527 53711327 53712727 1400 14 4 -9271
MPO 4353 | T17R03339932 chrl7 53713202 53713002 53714402 1400 8 6 -10967
MTAP 4507 | TO9F014C8795 chr9 21792661 21791461 21792861 1400 251 32 36
MTAP 4507 | TO9F014D530C | chr9 21844748 21843548 21844948 1400 8 3 -52111
MUCS5AC 4586 | T11FO011F6D7 chrll 1177303 1176103 1177503 1400 6 6 -7940
MYL2 4633 | T12R068C0791 chrl2 109840273 109840073 109841473 1400 7 6 -7245
NBN 4683 | TOBRO56C4D7F | chr8 90983807 90983607 90985007 1400 20 9 30983
NEO1 4756 | T15F043CC65C chrl5 71091804 71090604 71092004 1400 5 4 40124
NEO1 4756 | T15F043D5FA1 chrl5 71131041 71129841 71131241 1400 169 8 913
NEO1 4756 | T15F043D60A0 | chrl5 71131296 71130096 71131496 1400 186 33 734
NEO1 4756 | T15F043D6219 chrl5 71131673 71130473 71131873 1400 12 10 255
NEO1 4756 | T15F043D6261 chrl5 71131745 71130545 71131945 1400 1713 184 219
NEO1 4756 | T15F043D6302 chrl5 71131906 71130706 71132106 1400 1906 143 103
NEO1 4756 | T15F043D63F8 chrl5 71132152 71130952 71132352 1400 30 6 -197
NEO1 4756 | T15F043DBDD3 | chrl5 71155155 71153955 71155355 1400 9 4 -23227
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NEO1 4756 | T15F043ESE10 chrl5 71196176 71194976 71196376 1400 7 3 -64247
NEO1 4756 | T15F043E74EA chrl5 71202026 71200826 71202226 1400 7 5 -70098
NEO1 4756 | T15F043E7549 chr15 71202121 71200921 71202321 1400 16 3 -70183
NEO1 4756 | T15F043F476C chrl5 71255916 71254716 71256116 1400 7 3 -123962
NEO1 4756 | T15F044088BC chrl5 71338172 71336972 71338372 1400 11 5 -206244
NEO1 4756 | T15F0440A66E chrl5 71345774 71344574 71345974 1400 9 4 -213830
PRDX1 5052 | TO1R02BA3ESF chrl 45760143 45759943 45761343 1400 570 261 -10827
PAX9 5083 | T14F022861B5 chri4 36200885 36199685 36201085 1400 71 12 -160
PAX9 5083 | T14F0228627E chrl4 36201086 36199886 36201286 1400 19 7 -430
PHB 5245 | T17R02AC5068 | chrl?7 44847208 44847008 44848408 1400 30 6 -10755
PIK3CB 5291 | TO3RO8560A8E chr3 139856526 139856326 139857726 1400 5 4 415
PIN1 5300 | T19F0095A4A3 | chrl9 9807011 9805811 9807211 1400 192 38 30
PLAUR 5329 | T19R02E9A370 | chrl9 48866160 48865960 48867360 1400 77 21 -24028
PLAUR 5329 | T19R02E9A38D | chrl9 48866189 48865989 48867389 1400 7 3 -24075
POLB 5423 | TO8F0285ADA4 | chr8 42315172 42313972 42315372 1400 33 6 41
MAPK1 5594 | T22R0138A7EF chr22 20490223 20490023 20491423 1400 5 4 -46258
MAPK1 5594 | T22R0138AFOC | chr22 20492044 20491844 20493244 1400 24 13 -48075
MAPK1 5594 | T22R01396CAC | chr22 20540588 20540388 20541788 1400 41 18 -96620
MAPK1 5594 | T22R013994D3 | chr22 20550867 20550667 20552067 1400 5 3 -106902
MAPK1 5594 | T22R013996DC | chr22 20551388 20551188 20552588 1400 5 3 -107423
MAPK1 5594 | T22R013997CE chr22 20551630 20551430 20552830 1400 27 4 -107666
MAPK1 5594 | T22R01399855 chr22 20551765 20551565 20552965 1400 33 5 -107774
MAPK1 5594 | T22R01399870 chr22 20551792 20551592 20552992 1400 19 3 -107827
PROX1 5629 | TO1FOCA65763 chrl 212227939 212226739 212228139 1400 54 9 589
PROX1 5629 | TO1FOCA679B9 chrl 212236729 212235529 212236929 1400 7 4 -8246
RELN 5649 | TO7R06228008 chr7 102924296 102924096 102925496 1400 12 3 -24801
RELN 5649 | TO7R0623276C | chr7 102967148 102966948 102968348 1400 17 6 -67638
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RELN 5649 | TO7R06237004 chr7 102985732 102985532 102986932 1400 7 3 -86239
RELN 5649 | TO7R06237DD3 | chr7 102989267 102989067 102990467 1400 10 3 -89763
RELN 5649 | TO7R06237F13 chr7 102989587 102989387 102990787 1400 5 3 -90080
RELN 5649 | TO7R0623FE11 chr7 103022097 103021897 103023297 1400 10 5 -122604
RELN 5649 | TO7R062A0432 | chr7 103416882 103416682 103418082 1400 6 3 -517385
RELN 5649 | TO7R062A044B | chr7 103416907 103416707 103418107 1400 5 3 -517414
RELN 5649 | TO7R062A0499 | chr7 103416985 103416785 103418185 1400 8 3 -517487
PTPRC 5788 | TO1FOBBC1229 chrl 196874793 196873593 196874993 1400 148 25 64
PTPRC 5788 | TO1FOBBC68E6 chrl 196896998 196895798 196897198 1400 8 7 -22150
PTPRC 5788 | TO1FOBBC8E3D | chrl 196906557 196905357 196906757 1400 14 11 -31709
PTPRC 5788 | TO1FOBBCB02D | chrl 196915245 196914045 196915445 1400 5 5 -40397
PTPRC 5788 | TO1FOBBCB27F chrl 196915839 196914639 196916039 1400 7 4 -40989
RARG 5916 | T12R0317E25C chrl2 51896924 51896724 51898124 1400 16 7 -6278
RARG 5916 | T12R0317EFF3 chrl2 51900403 51900203 51901603 1400 52 11 -9750
RARG 5916 | T12R03181DBA | chrl2 51912122 51911922 51913322 1400 27 4 -21454
RARRES1 5918 | TO3R09880DD8 | chr3 159911384 159911184 159912584 1400 6 3 -13773
REG1A 5967 | TO2F04B88361 chr2 79201121 79199921 79201321 1400 83 26 -27
RNF6 6049 | T13R0187F4A3 chrl3 25687203 25687003 25688403 1400 5 4 -82931
RNF6 6049 | T13R0187F501 chrl3 25687297 25687097 25688497 1400 8 6 -83025
RNF6 6049 | T13R01880EF5 chrl3 25693941 25693741 25695141 1400 409 60 -89654
RNF6 6049 | T13R01880FD2 | chrl3 25694162 25693962 25695362 1400 16 3 -89887
RNF6 6049 | T13R018810C5 chrl3 25694405 25694205 25695605 1400 840 77 -90113
RPL28 6158 | T19F039C7BE5 chrl9 60586981 60585781 60587181 1400 7 5 2131
RPL28 6158 | T19F039C8438 chrl9 60589112 60587912 60589312 1400 1659 1014 11
HLTF 6596 | TO3RO8F3C046 chr3 150192198 150191998 150193398 1400 6 3 38426
HLTF 6596 | TO3RO8F3C1DB | chr3 150192603 150192403 150193803 1400 5 3 38021
HLTF 6596 | TO3RO8FAF720 chr3 150271776 150271576 150272976 1400 9 8 -41155
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SOD2 6648 | TO6R0989C054 | chrb 160022612 160022412 160023812 1400 15 4 -2449
SOD2 6648 | TO6R0989C1A3 | chrb 160022947 160022747 160024147 1400 7 3 -2789
SOD2 6648 | TO6R0989C459 chré 160023641 160023441 160024841 1400 8 4 -3475
SPOCK1 6695 | TO5R082859C6 | chr5 136862150 136861950 136863350 1400 91 11 -523186
SPOCK1 6695 | TO5R08285A93 | chr5 136862355 136862155 136863555 1400 21 3 -523365
SPP1 6696 | TO4FO54FCCF2 chr4 89115890 89114690 89116090 1400 257 95 2
SSX2 6757 | TOXR0324383E chrX 52705342 52705142 52706542 1400 18 15 37347
SURF1 6834 | TO9RO8OF1F63 chr9 135208803 135208603 135210003 1400 26 6 -297
SURF1 6834 | TO9RO80F3044 chr9 135213124 135212924 135214324 1400 11 5 -4618
PRDX2 7001 | T19RO0C28DA7 | chrl9 12750247 12750047 12751447 1400 10 5 18415
TERF1 7013 | TO8FO46A12DE | chr8 74060510 74059310 74060710 1400 323 239 23153
TERF1 7013 | TO8F046A6D73 | chr8 74083699 74082499 74083899 1400 166 25 37
TERF1 7013 | TO8FO46AFF69 chr8 74121065 74119865 74121265 1400 6 3 -37403
NR2F1 7025 | TOSFO58A38EE chr5 92944622 92943422 92944822 1400 5 3 177
NR2F1 7025 | TO5F058A392C chr5 92944684 92943484 92944884 1400 84 14 151
NR2F1 7025 | TO5F058A3AB6 | chr5 92945078 92943878 92945278 1400 9 3 -279
NR2F1 7025 | TOSFO58A3B1F chr5 92945183 92943983 92945383 1400 19 4 -337
NR2F1 7025 | TO5F058A3B45 chr5 92945221 92944021 92945421 1400 8 3 -411
NR2F1 7025 | TOSFO58A3E17 chr5 92945943 92944743 92946143 1400 11 3 -1142
NR2F1 7025 | TOS5FO58A3E63 chr5 92946019 92944819 92946219 1400 13 5 -1205
NR2F1 7025 | TOSFO58A3EFA chr5 92946170 92944970 92946370 1400 26 6 -1321
NR2F1 7025 | TO5F058A3F3D | chr5 92946237 92945037 92946437 1400 38 12 -1409
NR2F1 7025 | TO5F058A4089 chr5 92946569 92945369 92946769 1400 9 3 -1762
NR2F1 7025 | TOSFO58A487F chr5 92948607 92947407 92948807 1400 6 3 -3788
NR2F1 7025 | TOS5FO58A4ES50 chr5 92950096 92948896 92950296 1400 10 9 -5297
TGIF1 7050 | T18FO033E8DO chrl8 3401936 3400736 3402136 1400 5 3 149
TGIF1 7050 | T18FO0347AEA | chrl8 3439338 3438138 3439538 1400 7 5 -37265

132




TGIF1 7050 | T18F00347E2F chrl8 3440175 3438975 3440375 1400 31 12 -38089
TGIF1 7050 | T18F003483C0 chrl8 3441600 3440400 3441800 1400 10 5 -39519
TGIF1 7050 | T18F00348403 chrl8 3441667 3440467 3441867 1400 5 3 -39595
TPM2 7169 | TO9R02206E8B chr9 35679883 35679683 35681083 1400 6 3 -7872
TPM2 7169 | TO9R02206EB2 chr9 35679922 35679722 35681122 1400 124 61 -7911
TPM4 7171 | T19FO0F4BDB4 | chrl9 16039348 16038148 16039548 1400 3970 1764 9153
TPM4 7171 | T19FOOF4BESB chrl9 16039515 16038315 16039715 1400 25 3 8865
TPM4 7171 | T19FOOFADF29 chrl9 16047913 16046713 16048113 1400 10 3 412
TPM4 7171 | T19FO0F4DFB1 chrl9 16048049 16046849 16048249 1400 8 3 278
TPM4 7171 | T19FOOFAE005 chrl9 16048133 16046933 16048333 1400 439 106 243
TPM4 7171 | T19FOOF4E0B3 chrl9 16048307 16047107 16048507 1400 6232 1231 51
TPM4 7171 | T19FOOF4E1BD chrl9 16048573 16047373 16048773 1400 22 3 -235
TPM4 7171 | T19FO0F4E291 chrl9 16048785 16047585 16048985 1400 63 3 -438
TPM4 7171 | T19FOOF4EA98 chrl9 16050840 16049640 16051040 1400 9 3 -2515
TPM4 7171 | T19FOOFAED2B chrl9 16051499 16050299 16051699 1400 9 5 -3174
TPM4 7171 | T19FOOF50DE7 chrl9 16059879 16058679 16060079 1400 192 62 -11550
UCHL1 7345 | TO4F0270493D | chr4 40913213 40912013 40913413 1400 9 4 40473
UCHL1 7345 | TO4F0270E766 chr4 40953702 40952502 40953902 1400 624 316 40
UCHL1 7345 | TO4F0270E971 chra 40954225 40953025 40954425 1400 7 4 -536
UGT2B7 7364 | TO4F042C10ED | chr4 69996781 69995581 69996981 1400 14 5 33
WNT2B 7482 | TO1FO6BA20CB | chrl 112861387 112860187 112861587 1400 5 3 -49824
PSCA 8000 | TO8FO8915B2E chr8 143743790 143742590 143743990 1400 7 5 15087
PSCA 8000 | TO8F08916C9B chr8 143748251 143747051 143748451 1400 6 3 10626
PSCA 8000 | TO8F08916D0OB | chr8 143748363 143747163 143748563 1400 23 18 10514
PSCA 8000 | TO8F08919643 chr8 143758915 143757715 143759115 1400 21 12 -28
DYRK2 8445 | T12F03F418D8 chrl2 66328792 66327592 66328992 1400 128 7 296
TCAP 8557 | T17F02173438 chrl7 35075128 35073928 35075328 1400 23 12 -3

133




CASK 8573 | TOXR027B25E4 | chrX 41625060 41624860 41626260 1400 21 19 -360754
TP73L 8626 | TO3FOB60SED2 chr3 190877394 190876194 190877594 1400 6 6 -45484
TNFRSF6B 8771 | T20FO3AE4FFE chr20 61755390 61754190 61755590 1400 7 4 41348
TNFRSF6B 8771 | T20F03AE6270 chr20 61760112 61758912 61760312 1400 106 9 36644
TNFRSF6B 8771 | T20FO3AE63C5 chr20 61760453 61759253 61760653 1400 68 4 36321
TNFRSF6B 8771 | T20FO3AEF831 chr20 61798449 61797249 61798649 1400 229 52 -1710
TNFRSF6B 8771 | T20FO3AEF87B chr20 61798523 61797323 61798723 1400 5 3 -1778
CACNA1G 8913 | T17F02BDCC73 | chrl7 45993075 45991875 45993275 1400 18 4 382
CACNA1G 8913 | T17F02BDCD7B | chrl7 45993339 45992139 45993539 1400 14 9 109
CACNA1G 8913 | T17F02BE3EFO chrl7 46022384 46021184 46022584 1400 6 5 -28936
ANGPTL1 9068 | TO1ROA8DD58B | chrl 177067403 177067203 177068603 1400 8 5 17917
MTA1 9112 | T14F06418378 chri4 104956792 104955592 104956992 1400 6 4 619
MTA1 9112 | T14F0641853A chri4 104957242 104956042 104957442 1400 918 76 298
MTA1 9112 | T14F06418599 chri4 104957337 104956137 104957537 1400 114 12 85
MTA1 9112 | T14FO0641FBFC chrl4 104987644 104986444 104987844 1400 15 5 -30233
NR1H4 9971 | T12FO5EC319C chrl2 99365276 99364076 99365476 1400 6 5 26534
NR1H4 9971 | T12FO5EC991F chrl2 99391775 99390575 99391975 1400 266 88 96
NR1H4 9971 | T12FO5EC9981 chrl2 99391873 99390673 99392073 1400 22 8 -46
NR1H4 9971 | T12FO5SEC99AA | chr12 99391914 99390714 99392114 1400 11 7 -104
NR1H4 9971 | T12FO5EDOC55 | chrl2 99421269 99420069 99421469 1400 8 3 -29454
FRAT1 10023 | T10FO5E7AC5B | chrl0 99069019 99067819 99069219 1400 8 3 1
NDC80 10403 | T18F0027162C chrl8 2561580 2560380 2561780 1400 25 3 68
NUDC 10726 | TO1FO19DB4E3 chrl 27112675 27111475 27112875 1400 14 7 8137
NUDC 10726 | TO1F019DD4B7 | chrl 27120823 27119623 27121023 1400 428 30 13
HPSE 10855 | TO4RO508FC8E chr4 84475022 84474822 84476222 1400 121 12 -39468
NMU 10874 | TO4R0359787E chr4 56195198 56194998 56196398 1400 5 4 -39024
STARD3 10948 | T17F0216C613 chrl7 35046931 35045731 35047131 1400 131 14 79
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STARD3 10948 | T17F02171D4C | chrl?7 35069260 35068060 35069460 1400 6 4 -22322
PTPN21 11099 | T14R05401820 chri4 88086560 88086360 88087760 1400 7 5 -82673
PTPN21 11099 | T14R05401939 chrl4 88086841 88086641 88088041 1400 6 3 -82953
PTPN21 11099 | T14R05401C09 chrl4 88087561 88087361 88088761 1400 61 18 -83649
BAZ1A 11177 | T14R020C03D2 | chrl4 34341842 34341642 34343042 1400 12 8 -50134
BAZ1A 11177 | T14R020D1D1B | chrl4 34413851 34413651 34415051 1400 18 4 -122112
BAZ1A 11177 | T14R020D1ECD | chrl4 34414285 34414085 34415485 1400 102 14 -122491
RRAS2 22800 | T11ROODAGEE1l | chrll 14315233 14315033 14316433 1400 8 4 -58322
RRAS2 22800 | T11ROODABDBF | chrll 14335423 14335223 14336623 1400 7 5 -78531
IKZF3 22806 | T17R021891FD | chrl7 35164669 35164469 35165869 1400 70 53 10076
MAPRE1 22919 | T20F01D70F7C chr20 30871420 30870220 30871620 1400 265 35 75
PDS5B 23047 | T13F01E92CDD | chrl3 32058589 32057389 32058789 1400 1189 160 143
PDS5B 23047 | T13FO1E92E2E chrl3 32058926 32057726 32059126 1400 6 3 -293
PDS5B 23047 | T13FO1ES2F7F chrl3 32059263 32058063 32059463 1400 9 3 -630
PDS5B 23047 | T13FO1EA456B chrl3 32130411 32129211 32130611 1400 12 4 -71786
PDS5B 23047 | T13FO1EA8A46 | chrl3 32148038 32146838 32148238 1400 20 9 -89395
PDS5B 23047 | T13FO1EA9C86 chrl3 32152710 32151510 32152910 1400 9 6 -94079
PDS5B 23047 | T13FO1EAB643 chrl3 32159299 32158099 32159499 1400 8 6 -100673
JMID2C 23081 | TO9F00665549 chr9 6706505 6705305 6706705 1400 8 3 41578
JMID2C 23081 | TO9F00697823 chr9 6912035 6910835 6912235 1400 5 5 -163952
NAT6 24142 | TO3RO2FFB028 chr3 50311208 50311008 50312408 1400 5 3 -2351
NAT6 24142 | TO3RO2FFBO7F chr3 50311295 50311095 50312495 1400 97 16 -2409
IL1F5 26525 | TO2F06C46D95 | chr2 113536405 113535205 113536605 1400 6 6 -3719
NGFRAP1 27018 | TOXFO61C4D6A | chrX 102518122 102516922 102518322 1400 111 19 -161
NGFRAP1 27018 | TOXFO61C4FB2 chrX 102518706 102517506 102518906 1400 11 9 -782
MLH3 27030 | T14R04721F13 chrl4 74587923 74587723 74589123 1400 40 8 -37658
HOOK?2 29911 | T19RO0C25E1D | chrl9 12738077 12737877 12739277 1400 12 7 -3240
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HOOK2 29911 | T19R00C27B97 | chrl9 12745623 12745423 12746823 1400 7 3 -10786
ZNF639 51193 | TO3FOAC2916F chr3 180523375 180522175 180523575 1400 33 3 874
ZNF639 51193 | TO3FOAC291F9 chr3 180523513 180522313 180523713 1400 97 21 762
RHCG 51458 | T15R053B408C | chrl5 87769228 87769028 87770428 1400 8 8 46431
RHCG 51458 | T15R053B693F chrl5 87779647 87779447 87780847 1400 8 6 36013
MBIP 51562 | T14R0222D2C2 | chrl4 35836610 35836410 35837810 1400 5 3 928
WWOX 51741 | T16F0492358B chrlé 76690827 76689627 76691027 1400 89 9 248
WWOX 51741 | T16F0492367F chrlé 76691071 76689871 76691271 1400 1488 66 61
WWOX 51741 | T16F0493FADA | chrl6 76805338 76804138 76805538 1400 9 4 -114285
WWOX 51741 | T16F04947517 chrl6 76838167 76836967 76838367 1400 9 9 -147115
DGCR8 54487 | T22F01197D98 | chr22 18447768 18446568 18447968 1400 78 4 111
UGT1A10 54575 | TO2FODF64CA3 | chr2 234245283 234244083 234245483 1400 10 3 -35411
UGT1A10 54575 | TO2FODF7A5D7 | chr2 234333655 234332455 234333855 1400 10 6 -123793
UGT1A8 54576 | TO2FODF64CA3 | chr2 234245283 234244083 234245483 1400 10 3 -54243
UGT1A8 54576 | TO2FODF7A5D7 | chr2 234333655 234332455 234333855 1400 10 -142625
CHFR 55743 | T12R07DCDF01 | chr12 131915521 131915321 131916721 1400 1621 50 11604
CHFR 55743 | T12R07DCE002 | chrl2 131915778 131915578 131916978 1400 294 12 11343
CHFR 55743 | T12R07DCFE81 | chrl2 131923585 131923385 131924785 1400 13 5 3465
CHFR 55743 | T12R07DD0323 | chrl2 131924771 131924571 131925971 1400 24 11 2259
NPDC1 56654 | TO9R0849D1AE | chr9 139055534 139055334 139056734 1400 6 4 -1773
NPDC1 56654 | TO9R0849D8F0 | chr9 139057392 139057192 139058592 1400 5 3 -3625
NPDC1 56654 | TO9RO849E3CE chr9 139060174 139059974 139061374 1400 12 3 -6414
PCDH10 57575 | TO4FO80119EB chr4 134289899 134288699 134290099 1400 60 43 45
PCDH10 57575 | TO4FO80124E9 chr4 134292713 134291513 134292913 1400 27 4 -2777
PCDH10 57575 | T04F08012578 chr4 134292856 134291656 134293056 1400 19 3 -2910
PCDH10 57575 | TO4F080126B3 chr4 134293171 134291971 134293371 1400 11 6 -3250
RSRC2 65117 | T12R073FOFD3 chrl2 121573331 121573131 121574531 1400 6 3 -18085
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EFHD2 79180 | TO1FOOEE2D44 chrl 15609156 15607956 15609356 1400 15 7 -128
EFTUD1 79631 | T15R04C7A2AE | chrl5 80192174 80191974 80193374 1400 7 7 17469
EFTUD1 79631 | T15R04C80380 | chrl5 80216960 80216760 80218160 1400 8 4 -7315
SOX7 83595 | TO8ROOA2115F | chr8 10621279 10621079 10622479 1400 16 14 -2571
PPP1R1B 84152 | T17F021632C7 chrl7 35009223 35008023 35009423 1400 6 3 27482
PPP1R1B 84152 | T17F021643B2 chrl?7 35013554 35012354 35013754 1400 6 3 23151
PPP1R1B 84152 | T17F021653AA | chrl?7 35017642 35016442 35017842 1400 8 3 19063
PPP1R1B 84152 | T17F02167B39 chrl?7 35027769 35026569 35027969 1400 30 14 8959
PPP1R1B 84152 | T17F021686E0 chrl7 35030752 35029552 35030952 1400 14 10 5953
PPP1R1B 84152 | T17F02169DFE chrl7 35036670 35035470 35036870 1400 8 3 42
PPP1R1B 84152 | T17F02169E3B chrl7 35036731 35035531 35036931 1400 70 16 8
C20rf40 84417 | TO2F06522C1D | chr2 106048541 106047341 106048741 1400 31 3 4
KISS1R 84634 | T19F000CA74C | chrl9 829260 828060 829460 1400 5 5 39098
KISS1R 84634 | T19F000D3070 | chrl9 864368 863168 864568 1400 8 6 3991
KISS1R 84634 | T19F000D4628 | chrl9 869928 868728 870128 1400 8 4 -1570
KISS1R 84634 | T19FO00D4C92 | chrl9 871570 870370 871770 1400 6 3 -3212
ABCC11 85320 | T16R02C99BOF | chrl6 46766863 46766663 46768063 1400 6 5 -8523
NKD2 85409 | TO5F0010341D chr5 1061917 1060717 1062117 1400 40 21 251
NKD2 85409 | TO5F00103505 chr5 1062149 1060949 1062349 1400 6 3 22
NKD2 85409 | TO5F0010358A chr5 1062282 1061082 1062482 1400 8 5 -114
SLCO6A1 133482 | TO5R06124CC3 | chr5 101862595 101862395 101863795 1400 11 4 -127009
CD109 135228 | TO6F046F912C chré 74420524 74419324 74420724 1400 10 4 42028
CD109 135228 | TO6F046F9158 chré 74420568 74419368 74420768 1400 86 12 42002
CD109 135228 | TO6F0470348E chré 74462350 74461150 74462550 1400 106 10 358
CD109 135228 | TO6F04703543 chré 74462531 74461331 74462731 1400 99 13 126
CD109 135228 | TO6F047035B7 chré 74462647 74461447 74462847 1400 272 21 -25
CD109 135228 | TO6F04703622 chré 74462754 74461554 74462954 1400 79 47 -197
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CD109 135228 | TO6F04714E6F chré 74534511 74533311 74534711 1400 5 3 -71963
CD109 135228 | TO6F04720BOE chré 74582798 74581598 74582998 1400 8 5 -120250
GATAS 140628 | T20R039A3B3B | chr20 60439355 60439155 60440555 1400 26 12 32611
SLC30A7 148867 | TO1F06072B02 chrl 101133058 101131858 101133258 1400 25 10 1208
SLC30A7 148867 | TO1FO6072EBF chrl 101134015 101132815 101134215 1400 5 3 263
SLC30A7 148867 | TO1F06072FA4 chrl 101134244 101133044 101134444 1400 1390 168 71
SLC30A7 148867 | TO1F06073027 chrl 101134375 101133175 101134575 1400 6 4 -109
ORAOV1 220064 | T11R041FE5CO chrll 69199296 69199096 69200496 1400 58 6 -9731
CCDC110 256309 | TOAROB1FOC3B | chr4 186584123 186583923 186585323 1400 62 3 19271
CCDC110 256309 | TOAROB1F2FAC | chr4 186593196 186592996 186594396 1400 16 10 10163
LAMA1 284217 | T18R0069967C chrl8 6919804 6919604 6921004 1400 7 3 12100
LAMA1 284217 | T18ROO6A80E4 | chrl8 6979812 6979612 6981012 1400 7 3 -47908
LAMA1 284217 | T18R006BB679 | chrl8 7059065 7058865 7060265 1400 5 4 -127163
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APPENDIX III: TFBSs with overlapping putative EREs

ClassOfOverlap | TargetGenelD | TargetHeaderID | MatrixID | TF_GenelD | Overlap | TFBSlength | TFstart | TFstop | EREstart | EREstop
2 1832 | TO6F0072B44E M00222 6929 13 16 154 169 157 178
3 2114 | T21F0254E128 M00240 | None 7 7 -197 -191 -212 -191
2 2114 | T21F0254E128 MO00640 3201 2 8 -218 -211 -212 -191
1 2114 | T21F0254E128 MO00747 3659 5 7 -195 -189 -212 -191
2 7428 | TO3FO09B0605 M01020 6910 3 10 -193 -184 -186 -165
2 7428 | TO3FO09B0605 MO00749 None 3 7 -190 -184 -186 -165
1 7428 | TO3F009B0605 MO00514 468 6 12 -170 -159 -186 -165
2 7428 | TO3FO09B0605 MO00993 6886 9 10 -187 -178 -186 -165
1 7428 | TO3F009B0605 MO00373 None 17 21 -181 -161 -186 -165
2 7428 | TO3FO09B0605 MO00066 6929 12 16 -190 -175 -186 -165
2 7428 | TO3FO09B0605 MO00066 6886 12 16 -190 -175 -186 -165
2 7428 | TO3FO09B0605 MO00070 6925 12 16 -190 -175 -186 -165
2 7428 | TO3FO09B0605 MO00070 6886 12 16 -190 -175 -186 -165
2 7428 | TO3F009B0605 MO00065 6886 12 16 -190 -175 -186 -165
2 7428 | TO3FO09B0605 MO00065 6929 12 16 -190 -175 -186 -165
3 220972 | T10R02B4E65E MO00217 7391 8 8 -931 -924 -931 -910
2 220972 | T10R02B4E65E MO00539 405 14 20 -937 -918 -931 -910
3 220972 | T10R02B4E65E MO00726 7392 6 6 -930 -925 -931 -910
2 220972 | T10R02B4E65E MO00236 405 12 16 -935 -920 -931 -910
3 220972 | T10R02B4E65E MO00799 4149 7 7 -930 -924 -931 -910
3 220972 | T10R02B4E65E MO00799 4609 7 7 -930 -924 -931 -910
3 4585 | TO3ROBBDC7A3 | MO00803 1871 6 6 -577 -572 -590 -569
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4585 | TO3ROBBDC7A3 | M00803 7027 6 6 -577 -572 -590 -569
3 4585 | TO3ROBBDC7A3 | M00803 1874 6 6 -577 -572 -590 -569
3 4585 | TO3ROBBDC7A3 | M00803 1869 6 6 -577 -572 -590 -569
2 51450 | TO9FO7D6641E M00327 5077 2 21 -217 -197 -198 -177
1 51450 | TO9FO7D6641E MO00179 1386 10 12 -186 -175 -198 -177
1 51450 | TO9FO7D6641E M00178 1385 10 12 -186 -175 -198 -177
4 51450 | TO9FO7D6641E M00460 6776 22 24 -200 -177 -198 -177
1 51450 | TO9FO7D6641E MO00538 | None 16 24 -192 -169 -198 -177
1 51450 | TO9FO7D6641E M00981 1385 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E MO00981 22809 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E M00981 11016 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E MO00981 468 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E M00981 1386 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E M00981 466 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E MO00981 1390 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E M00981 22926 8 9 -184 -176 -198 -177
1 51450 | TO9FO7D6641E MO00981 467 8 9 -184 -176 -198 -177
3 51450 | TO9FO7D6641E MO00039 1385 8 8 -184 -177 -198 -177
3 51450 | TO9FO7D6641E M00483 22926 8 8 -184 -177 -198 -177
1 51450 | TO9FO7D6641E MO00017 | None 11 14 -187 -174 -198 -177
2 4588 | T11RO00F6A1D M01109 51385 10 15 -728 -714 -723 -702
2 4588 | T11RO00F6A1D MO00518 6256 15 19 -727 -709 -723 -702
2 4588 | T11R000F6A1D MO00518 5465 15 19 -727 -709 -723 -702
2 1364 | TO7F04581C3F M00415 6935 6 9 -99 -91 -96 -75
1 3651 | T13F01A208FB M00729 | None 11 14 -565 -552 -576 -555

4017 | TO8R0O16224CB M00751 861 6 6 -938 -933 -949 -928
3 4017 | TO8R016224CB M00271 861 6 6 -938 -933 -949 -928
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4017 | TO8R016224CB MO00722 | None 8 8 -940 -933 -949 -928

4 4017 | TO8R0O16224CB M00999 326 22 26 -952 -927 -949 -928
3 4017 | TO8R01628357 MO00975 5989 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 MO00975 5992 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 MO00975 8625 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 MO00975 5990 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 MO00975 5993 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 MO00975 5991 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 MO00975 5994 9 9 -982 -974 -990 -969
3 4017 | TO8R01628357 M00117 1051 14 14 -982 -969 -990 -969
3 4017 | TO8R0O1628357 MO00116 1050 14 14 -982 -969 -990 -969
3 4017 | TO8R01628357 MO00770 1053 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 M00770 1050 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 MO00770 1054 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 MO00770 1051 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 MO00770 1052 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 MO00912 1051 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 M00912 1050 12 12 -980 -969 -990 -969
3 4017 | TO8R01628357 M00912 1052 12 12 -980 -969 -990 -969
1 581 | T19F033A5DEB MO00033 2033 1 14 -921 -908 -942 -921
581 | T19F033A5DEB MO00638 3172 13 13 -941 -929 -942 -921

3 581 | T19F033A5DEB MO00764 3172 13 13 -942 -930 -942 -921
3 581 | T19F033A5DEB MO00764 3174 13 13 -942 -930 -942 -921
3 581 | T19F033A5DEB M00762 7026 13 13 -942 -930 -942 -921
3 581 | T19F033A5DEB M00762 3172 13 13 -942 -930 -942 -921
3 581 | T19F033A5DEB M00762 7025 13 13 -942 -930 -942 -921
3 581 | T19F033A5DEB MO00762 3174 13 13 -942 -930 -942 -921
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581 | T19F033A5DEB MO00765 7025 13 13 -942 -930 -942 -921
3 581 | T19F033A5DEB MO00765 7026 13 13 -942 -930 -942 -921
1 581 | T19F033A5DEB M00245 1960 2 12 -922 -911 -942 -921
1 581 | T19F033A5DEB M00246 1959 2 12 -922 -911 -942 -921
2 581 | T19F033A5DEB M00158 3172 13 14 -943 -930 -942 -921
2 581 | T19F033A5DEB M00158 7025 13 14 -943 -930 -942 -921
2 581 | T19F033A5DEB M00468 11278 2 7 -947 -941 -942 -921
2 581 | T19F033A5DEB MO00083 7593 4 8 -946 -939 -942 -921
3 4233 | TO7FO6EC9654 M00192 2908 19 19 -217 -199 -218 -197
1 4233 | TO7FO6EC9654 M00206 6927 1 17 -197 -181 -218 -197
1 3480 | T15F05CC17A8 MO00373 | None 7 21 -951 -931 -966 -945
1 3480 | T15F05CC17A8 M00821 4780 10 13 -954 -942 -966 -945
1 3480 | T15F05CC17A8 MO00514 468 9 12 -953 -942 -966 -945
1 3480 | T15F05CC17A8 MO00378 | None 11 12 -955 -944 -966 -945
1 3480 | T15F05CC17A8 MO00983 4094 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 4779 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 MO00983 4778 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 4097 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 4780 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 571 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 60468 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 MO00983 23764 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 9935 9 11 -953 -943 -966 -945
1 3480 | T15F05CC17A8 M00983 7975 9 11 -953 -943 -966 -945
2 598 | T20R01C5892A M00192 2908 9 19 -211 -193 -201 -180
2 598 | T20R01C5892A M01058 | None 8 12 -283 -272 -279 -258
2 598 | T20R01C5892A MO00955 2908 13 27 -215 -189 -201 -180
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598 | T20R01C5892A MO00956 | None 13 27 -215 -189 -201 -180
1 598 | T20R01C5892A M00097 5080 8 21 -187 -167 -201 -180
2 598 | T20R01C5892A M00250 | None 14 24 -289 -266 -279 -258
1 598 | T20R01C5892A M00143 5079 10 28 -189 -162 -201 -180
1 1509 | T11R001A6B3F MO00468 11278 5 7 185 191 168 189
2 1509 | T11R001A6B3F M00246 1959 10 12 166 177 168 189
3 3481 | T11R00203190 MO00415 6935 9 9 -592 -584 -599 -578
2 3481 | T11R00203190 MO00687 | None 5 11 -605 -595 -599 -578
3 3481 | T11R00203190 MO00749 | None 7 7 -586 -580 -599 -578
2 3481 | T11R00203190 MO00099 | None 7 16 -608 -593 -599 -578
2 3481 | T11R00203190 MO00380 | None 19 30 -610 -581 -599 -578
2 3481 | T11R00203190 MO00377 | None 3 11 -607 -597 -599 -578
3 3481 | T11R00203190 M00221 6720 11 11 -589 -579 -599 -578
3 3397 | T20F01C48AB7 M00340 2114 14 14 -353 -340 -361 -340
3 3397 | T20F01C48AB7 MO00415 6935 9 9 -956 -948 -962 -941
2 3397 | T20F01C48AB7 M00233 4205 1 22 17 38 38 59
2 3397 | T20F01C48AB7 M00233 4205 5 22 17 38 34 55
1 3397 | T20F01C48AB7 MO00955 2908 3 27 -130 -104 -149 -128
1 3397 | T20F01C48AB7 M00160 6736 6 12 127 138 111 132
1 3397 | T20F01C48AB7 MO00069 7528 16 20 -199 -180 -205 -184
1 3397 | T20F01C48AB7 M01047 7020 3 15 -83 -69 -102 -81
1 3397 | T20F01C48AB7 MO01047 7020 12 15 -83 -69 -93 -72
1 3397 | T20F01C48AB7 M00042 | None 5 10 128 137 111 132
3 3397 | T20F01C48AB7 MO00716 | None 8 8 -101 -94 -102 -81
3 3397 | T20F01C48AB7 MO00450 | None 9 9 -585 -577 -593 -572
3 3397 | T20F01C48AB7 MO00803 1871 6 6 -146 -141 -149 -128
3 3397 | T20F01C48AB7 MO00803 7027 6 6 -146 -141 -149 -128
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3397 | T20F01C48AB7 MO00803 1874 6 6 -146 -141 -149 -128
3 3397 | T20F01C48AB7 M00803 1869 6 6 -146 -141 -149 -128
1 3397 | T20F01C48AB7 MO00797 3091 3 14 -648 -635 -667 -646
1 3397 | T20F01C48AB7 M00531 1998 17 18 -356 -339 -361 -340
2 3397 | T20F01C48AB7 M00327 5077 18 21 48 68 51 72
1 3397 | T20F01C48AB7 M00327 5077 12 21 48 68 38 59
1 3397 | T20F01C48AB7 M00327 5077 8 21 48 68 34 55
1 3397 | T20F01C48AB7 MO00415 6935 6 9 -463 -455 -479 -458
2 3397 | T20F01C48AB7 M00245 1960 8 12 -153 -142 -149 -128
3 3397 | T20F01C48AB7 MO00518 6256 19 19 -671 -653 -674 -653
3 3397 | T20F01C48AB7 MO00518 5465 19 19 -671 -653 -674 -653
2 3397 | T20F01C48AB7 MO00518 6256 15 19 -671 -653 -667 -646
2 3397 | T20F01C48AB7 MO00518 5465 15 19 -671 -653 -667 -646
3 3397 | T20F01C48AB7 MO00394 | None 9 9 -95 -87 -102 -81
2 3397 | T20F01C48AB7 MO00394 | None 7 9 -95 -87 -93 -72
2 3397 | T20F01C48AB7 MO01079 | None 10 16 -680 -665 -674 -653
2 3397 | T20F01C48AB7 MO01079 | None 3 16 -680 -665 -667 -646
1 3397 | T20F01C48AB7 MO00538 | None 7 24 -652 -629 -667 -646
4 3397 | T20F01C48AB7 M00144 5079 22 28 49 76 51 72
1 3397 | T20F01C48AB7 M00144 5079 11 28 49 76 38 59
1 3397 | T20F01C48AB7 M00144 5079 7 28 49 76 34 55
2 3397 | T20F01C48AB7 MO00453 3665 10 18 -601 -584 -593 -572
1 3397 | T20F01C48AB7 M00800 7020 6 16 -86 -71 -102 -81
1 3397 | T20F01C48AB7 MO00800 7021 6 16 -86 -71 -102 -81
1 3397 | T20F01C48AB7 MO00800 7020 15 16 -86 -71 -93 -72
1 3397 | T20F01C48AB7 M00800 7021 15 16 -86 -71 -93 -72
1 3397 | T20F01C48AB7 MO00423 55810 9 14 124 137 111 132
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3397 | T20F01C48AB7 M00144 5079 7 28 -240 -213 -255 -234
1 3397 | T20F01C48AB7 M01109 51385 6 15 -189 -175 -205 -184
2 3397 | T20F01C48AB7 MO00059 7528 10 17 44 60 51 72
1 3397 | T20F01C48AB7 M00059 7528 16 17 44 60 38 59
1 3397 | T20F01C48AB7 MO00059 7528 12 17 44 60 34 55
1 3397 | T20F01C48AB7 MO00017 | None 2 14 -647 -634 -667 -646
3 3397 | T20F01C48AB7 MO00098 5076 19 19 51 69 51 72
1 3397 | T20F01C48AB7 MO00098 5076 9 19 51 69 38 59
1 3397 | T20F01C48AB7 M00098 5076 5 19 51 69 34 55
3 4968 | TO3F00950821 MO00704 7003 6 6 -889 -884 -890 -869
1 4968 | TO3F00950821 M00993 6886 3 10 -871 -862 -890 -869
3 3308 | TOSFO7E4C83C M00241 | None 8 8 -726 -719 -733 -712
3 3308 | TOSFO7E4C83C MO00395 | None 9 9 -726 -718 -733 -712
3 3308 | TOSFO7E4C83C M00640 3201 8 8 -725 -718 -733 -712
4 3308 | TOSFO7E4C83C MO00023 | None 22 30 -737 -708 -733 -712
2 3481 | T11R00203166 M00991 1044 11 18 -564 -547 -557 -536
2 3481 | T11R00203166 MO00991 1045 11 18 -564 -547 -557 -536
2 10397 | TOSRO801A109 M00241 | None 4 8 -948 -941 -944 -923
1 1044 | TO5F08E92640 M01034 4609 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 7391 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 84159 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4613 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 8553 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 6886 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 6929 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 6887 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4149 1 10 -536 -527 -557 -536
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1044 | TO5F08E92640 MO01034 4654 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 4084 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 79365 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 7392 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 3637 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 7942 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 6925 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4617 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 6938 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 7030 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 9421 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4656 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4618 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 M01034 9464 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4601 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 4807 1 10 -536 -527 -557 -536
1 1044 | TO5F08E92640 MO01034 429 1 10 -536 -527 -557 -536
3 1044 | TO5F08E92640 MO00076 2624 10 10 -546 -537 -557 -536
1 2886 | T17F02185167 M00280 5989 4 17 -419 -403 -437 -416
3 2886 | T17F02185167 M00241 | None 8 8 -427 -420 -437 -416
3 5770 | T20F02E4F8B1 MO00644 | None 7 7 -824 -818 -838 -817
1 5770 | T20F02E4F8B1 MO00993 6886 9 10 -825 -816 -838 -817
1 4968 | TO3FO09506EC M00993 6886 3 10 -562 -553 -581 -560
3 4968 | TO3FO09506EC M00704 7003 6 6 -580 -575 -581 -560
2 2122 | TO3ROA26D50C | MO00622 1054 10 13 -90 -78 -87 -66

2122 | TO3ROA26D50C | MO00432 7080 9 10 -74 -65 -87 -66
2 2122 | TO3ROA26D50C | MO00201 1050 13 18 -92 -75 -87 -66
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2122 | TO3R0A26D50C | M00240 | None 7 7 -72 -66 -87 -66
2 2122 | TO3ROA26D50C | M00249 1649 9 13 -91 -79 -87 -66
2 2122 | TO3ROA26D50C | M00249 1050 9 13 -91 -79 -87 -66
3 2122 | TO3ROA26D50C | MO00912 1051 12 12 -87 -76 -87 -66
3 2122 | TO3ROA26D50C | MO00912 1050 12 12 -87 -76 -87 -66
3 2122 | TO3ROA26D50C | MO00912 1052 12 12 -87 -76 -87 -66
2 2122 | TO3ROA26D50C | MO00116 1050 12 14 -89 -76 -87 -66
2 2122 | TO3ROA26D50C | M00190 1050 12 14 -89 -76 -87 -66

4249 | TO2F0807A47B M01107 | None 3 10 -902 -893 -921 -900
3 4249 | TO2F0807A47B MO00638 3172 13 13 -356 -344 -357 -336
1 4249 | TO2F0807A47B M00999 326 6 26 -905 -880 -921 -900
4 4249 | TO2F0807A47B MO00380 | None 22 30 -359 -330 -357 -336
1 4249 | TO2F0807A47B MO00066 6929 14 16 -349 -334 -357 -336
1 4249 | TO2F0807A47B M00066 6886 14 16 -349 -334 -357 -336
1 4249 | TO2F0807A47B MO00065 6886 14 16 -349 -334 -357 -336
1 4249 | TO2F0807A47B MO00065 6929 14 16 -349 -334 -357 -336
1 4249 | TO2F0807A47B MO01000 326 8 25 -907 -883 -921 -900
2 4249 | TO2F0807A47B MO00717 7849 7 15 -365 -351 -357 -336
1 4249 | TO2F0807A47B MO00097 5080 17 21 -352 -332 -357 -336
2 4588 | T11RO00F6745 MO00717 7849 13 15 3 17 5 26
2 4588 | T11R0O00F6745 MO00378 | None 7 12 0 11 5 26
2 4588 | T11RO00F6745 M00221 6720 9 11 3 13 5 26
3 4588 | T11R000F6745 MO00749 | None 7 7 6 12 5 26
2 4588 | T11RO00F6745 MO00776 6721 8 12 1 12 5 26
2 4588 | T11RO00F6745 MO00776 6720 8 12 1 12 5 26
2 4588 | T11RO00F6745 M00114 1385 9 15 -1 13 5 26
1 81 | T19F029D9BDC | MO00097 5080 3 21 78 98 59 80
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81 | T19F029D9BDC | MO01014 6666 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 8403 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6663 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 11166 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6658 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6659 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6664 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6736 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 30812 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6657 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 54345 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6665 7 13 53 65 59 80
2 81 | T19F029D9BDC | M01014 6660 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO01014 6662 7 13 53 65 59 80
2 81 | T19F029D9BDC | MO00477 2309 6 14 51 64 59 80
2 81 | T19F029D9BDC | MO00477 2310 6 14 51 64 59 80
2 983 | T10F03B498BF M00160 6736 4 12 41 52 49 70
2 983 | T10F03B498BF M00290 2295 9 16 42 57 49 70
2 983 | T10F03B498BF M00291 2296 9 16 42 57 49 70
2 983 | T10F03B498BF M01137 2309 5 12 42 53 49 70
2 983 | T10F03B498BF MO00377 | None 1 11 39 49 49 70
2 983 | T10F03B498BF MO00474 2308 7 14 42 55 49 70
2 983 | T10F03B498BF M00476 4303 7 14 42 55 49 70
2 983 | T10F03B498BF MO00477 2309 7 14 42 55 49 70
2 983 | T10F03B498BF MO00477 2310 7 14 42 55 49 70
2 7077 | T17R046EAC82 MO00373 | None 14 21 -828 -808 -821 -800
2 7077 | T17R046EAC82 MO00450 | None 1 9 -829 -821 -821 -800
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7077 | T17R046EAC82 MO00444 7421 15 15 -820 -806 -821 -800
3 7077 | T17R046EAC82 M00221 6720 11 11 -813 -803 -821 -800
1 2114 | T21F0254E24F MO00747 3659 5 7 -490 -484 -507 -486
3 2114 | T21F0254E24F M00240 | None 7 7 -492 -486 -507 -486
2 2114 | T21F0254E24F MO00640 3201 2 8 -513 -506 -507 -486
3 2626 | TO8FOOBODOSC M00241 | None 8 8 -837 -830 -851 -830
1 2626 | TO8FOOBODOSC MO00416 8092 9 18 -838 -821 -851 -830
1 2626 | TO8FOOBODOSC M00133 5453 12 15 -841 -827 -851 -830
1 2335 | TO2ROCDFDEBD | M00380 | None 17 30 -173 -144 -178 -157
2 654 | TO6F0076E486 MO00463 5454 2 14 -971 -958 -959 -938
1 654 | TO6F0076E486 M00128 2623 3 13 -940 -928 -959 -938
1 654 | TO6F0076E486 MO00346 2623 2 10 -939 -930 -959 -938
1 4072 | TO2F02D40719 MO00746 1997 8 12 -439 -428 -453 -432
1 9244 | T19R011B5610 M00821 4780 6 13 34 46 18 39
1 9244 | T19R011B5610 MO00983 4094 5 11 35 45 18 39
1 9244 | T19R011B5610 M00983 4779 5 11 35 45 18 39
1 9244 | T19R011B5610 MO00983 4778 5 11 35 45 18 39
1 9244 | T19R011B5610 MO00983 4097 5 11 35 45 18 39
1 9244 | T19R011B5610 MO00983 4780 5 11 35 45 18 39
1 9244 | T19R011B5610 M00983 571 5 11 35 45 18 39
1 9244 | T19R011B5610 M00983 60468 5 11 35 45 18 39
1 9244 | T19R011B5610 MO00983 23764 5 11 35 45 18 39
1 9244 | T19R011B5610 M00983 9935 5 11 35 45 18 39
1 9244 | T19R011B5610 MO00983 7975 5 11 35 45 18 39
3 9244 | T19R011B5610 MO00649 4150 8 8 23 30 18 39
2 3570 | TO1F09192B5F MO00975 5989 5 9 -349 -341 -345 -324
2 3570 | TO1F09192B5F MO00975 5992 5 9 -349 -341 -345 -324
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3570 | TO1F09192B5F MO00975 8625 5 9 -349 -341 -345 -324
2 3570 | TO1F09192B5F MO00975 5990 5 9 -349 -341 -345 -324
2 3570 | TO1F09192B5F MO00975 5993 5 9 -349 -341 -345 -324
2 3570 | TO1F09192B5F MO00975 5991 5 9 -349 -341 -345 -324
2 3570 | TO1F09192B5F MO00975 5994 5 9 -349 -341 -345 -324
2 3570 | TO1F09192B5F M01072 3090 7 15 -353 -339 -345 -324
2 4249 | TO2FO8090E08 M00284 4779 7 22 61 82 76 97
1 4249 | TO2FO8090E08 MO00072 | None 6 11 92 102 76 97
3 4249 | TO2FO8090E08 M00415 6935 9 9 86 94 76 97
1 4249 | TO2FO8090E08 MO00380 | None 5 30 93 122 76 97
3 4249 | TO2FO8090E08 M00699 3394 12 12 83 94 76 97
2 4249 | TO2FO8090E08 M00821 4780 3 13 66 78 76 97
3 4249 | TO2FO8090E08 MO00772 3664 15 15 82 96 76 97
3 4249 | TO2FO8090E08 MO00772 3661 15 15 82 96 76 97
3 4249 | TO2FO8090E08 MO00772 3663 15 15 82 96 76 97
3 4249 | TO2FO8090E08 MO00772 3662 15 15 82 96 76 97
3 4249 | TO2FO8090E08 MO00772 3659 15 15 82 96 76 97
3 4249 | TO2FO8090E08 MO00772 3665 15 15 82 96 76 97

4249 | TO2FO8090E08 MO00772 3394 15 15 82 96 76 97
3 4249 | TO2FO8090E08 MO00772 3660 15 15 82 96 76 97
2 4249 | TO2FO8090E08 M00432 7080 6 10 72 81 76 97
1 4249 | TO2FO8090E08 MO00999 326 13 26 85 110 76 97
2 4288 | T10RO7BC8C6D | M00394 | None 5 9 -289 -281 -285 -264
1 7168 | T15F03A4D4F8 M00133 5453 11 15 -722 -708 -733 -712
2 7168 | T15F03A4DAF8 MO00378 | None 1 12 -431 -420 -420 -399
2 7168 | T15F03A4D4F8 MO00377 | None 1 11 -743 -733 -733 -712
1 7168 | T15F03A4DAF8 MO00999 326 18 26 -729 -704 -733 -712
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7168 | T15F03A4DAF8 MO00395 | None 9 9 -730 -722 -733 -712
1 5970 | T11RO3E29DFF M00143 5079 1 28 -581 -554 -602 -581
1 4313 | T16F03390D53 MO00626 5989 9 14 -594 -581 -607 -586
2 6774 | T17R02400D8B M00220 6720 2 11 -316 -306 -307 -286
1 2627 | T18F0112BFD1 MO00360 | None 2 13 -88 -76 -108 -87
2 2627 | T18F0112BFD1 M00947 7024 11 15 -112 -98 -108 -87
1 2627 | T18F0112BFD1 MO00716 | None 1 8 -87 -80 -108 -87
2 7422 | TO6F029D086D MO00378 | None 2 12 -460 -449 -450 -429
2 7422 | TO6F029D086D MO00444 7421 3 15 -462 -448 -450 -429
2 7422 | TO6F029D086D MO01113 | None 3 8 -455 -448 -450 -429
3 7422 | TO6F029D086D M00159 1050 13 13 -450 -438 -450 -429
3 7422 | TO6F029D086D MO00704 7003 6 6 -436 -431 -450 -429
3 1728 | T16R0412730C MO00794 7080 12 12 -556 -545 -557 -536
2 3934 | TO9FO7BEE741 MO00373 | None 20 21 -620 -600 -619 -598
2 2810 | TO1F019CD661 M00222 6929 11 16 -500 -485 -495 -474
2 2810 | TO1F019CD661 M00947 7024 4 15 -506 -492 -495 -474
2 2810 | TO1F019CD661 MO00733 4089 9 15 -501 -487 -495 -474
3 7477 | T22R02A9FF20 M00272 7157 10 10 -481 -472 -491 -470
2 7422 | TO6F029D0926 MO01113 | None 3 8 -640 -633 -635 -614
2 7422 | TO6F029D0926 MO00444 7421 3 15 -647 -633 -635 -614
3 7422 | TO6F029D0926 M00159 1050 13 13 -635 -623 -635 -614
3 7422 | TO6F029D0926 MO00704 7003 6 6 -621 -616 -635 -614
2 7422 | TO6F029D0926 MO00378 | None 2 12 -645 -634 -635 -614
2 994 | T20F00383158 M00245 1960 9 12 132 143 135 156
2 6256 | TO9F08217724 MO00915 7022 3 13 -150 -138 -140 -119
2 6256 | TO9F08217724 MO00915 7020 3 13 -150 -138 -140 -119
2 6256 | TO9F08217724 MO00915 7021 3 13 -150 -138 -140 -119
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6256 | TO9F08217724 MO00800 7020 1 16 -155 -140 -140 -119
2 6256 | TO9F08217724 MO00800 7021 1 16 -155 -140 -140 -119
2 6256 | TO9F08217724 MO00448 | None 8 9 -141 -133 -140 -119
2 6256 | TO9F08217724 M00450 | None 8 9 -141 -133 -140 -119
2 6256 | TO9F08217724 MO00378 | None 8 12 -144 -133 -140 -119
2 7422 | TO6F029D0O6FA MO00444 7421 3 15 -91 -77 -79 -58
3 7422 | TO6F029D0O6FA MO00704 7003 6 6 -65 -60 -79 -58
3 7422 | TO6F029D0O6FA M00159 1050 13 13 -79 -67 -79 -58
2 7422 | TO6F029D0O6FA MO00378 | None 2 12 -89 -78 -79 -58
2 7422 | TO6F029D0O6FA MO01113 | None 3 8 -84 -77 -79 -58
1 7053 | T20F00228137 M01109 51385 10 15 -283 -269 -295 -274
3 7053 | T20F00228137 MO00444 7421 15 15 -289 -275 -295 -274
1 7053 | T20F00228137 M00792 4089 8 9 -281 -273 -295 -274
1 7053 | T20F00228137 M00792 4087 8 9 -281 -273 -295 -274
1 7053 | T20F00228137 MO00792 4086 8 9 -281 -273 -295 -274
1 7053 | T20F00228137 M00792 4088 8 9 -281 -273 -295 -274
1 1956 | TO7F0347ACD5 MO00340 2114 1 14 -202 -189 -223 -202
2 1956 | TO7F0347ACD5 M01075 7704 9 29 -243 -215 -223 -202
1 1956 | TO7F0347ACD5 M00463 5454 11 14 -212 -199 -223 -202
2 1956 | TO7F0347ACD5 M00135 5451 2 19 -240 -222 -223 -202
1 1476 | T21R029FB389 M00144 5079 17 28 -730 -703 -735 -714
1 6382 | TO2R01353DBC | MO00794 7080 9 12 -420 -409 -433 -412
1 6382 | TO2R01353DBC | M00717 7849 12 15 -423 -409 -433 -412
1 6382 | TO2R01353DBC | M00328 7849 14 18 -425 -408 -433 -412
3 6382 | TO2R01353DBC | MO00776 6721 12 12 -425 -414 -433 -412
3 6382 | TO2R01353DBC | MO00776 6720 12 12 -425 -414 -433 -412
3 6382 | TO2R01353DBC | M00450 | None 9 9 -423 -415 -433 -412
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7525 | T18R0O00B9COB M00991 1044 5 18 -666 -649 -683 -662
1 7525 | T18R0O00B9COB M00991 1045 5 18 -666 -649 -683 -662
1 7525 | T18RO00B9COB MO00464 5454 7 10 -668 -659 -683 -662
1 7525 | T18R0O00B9COB M00729 | None 5 14 -666 -653 -683 -662
3 5970 | T11R03E29C52 MO00432 7080 10 10 -167 -158 -173 -152
2 4583 | T11FO0106AE1 MO00448 | None 8 9 -35 -27 -34 -13
1 4583 | T11FO0106AE1 MO00800 7020 1 16 -13 2 -34 -13
1 4583 | T11FO0106AE1 MO00800 7021 1 16 -13 2 -34 -13
2 3221 | T12F03246972 MO00695 | None 3 7 -721 -715 -717 -696
3 3221 | T12F03246972 MO01047 7020 15 15 -710 -696 -717 -696
3 3221 | T12F03246972 M00293 2300 16 16 -138 -123 -142 -121
3 3221 | T12F03246972 MO00464 5454 10 10 -131 -122 -142 -121
2 3481 | T11R002032EE MO00436 3651 6 12 -955 -944 -949 -928
1 3481 | T11R002032EE M00284 4779 15 22 -942 -921 -949 -928
1 3481 | T11R002032EE M00821 4780 10 13 -937 -925 -949 -928
1 3481 | T11R002032EE MO00098 5076 18 19 -945 -927 -949 -928
2 2122 | TO3ROA26D0B7 | MO00539 405 4 20 -19 0 -3 18
2 2122 | TO3ROA26D0B7 | M00121 7391 1 14 -16 -3 -3 18
2 2122 | TO3ROA26D0B7 | MO00119 4149 1 14 -16 -3 -3 18
2 2122 | TO3ROA26D0B7 | M00122 7391 1 14 -16 -3 -3 18
2 2122 | TO3ROA26D0OB7 | M00118 4149 1 14 -16 -3 -3 18
2 2122 | TO3ROA26D0B7 | MO00118 4609 1 14 -16 -3 -3 18
3 727897 | T11F001252E8 M01100 51341 9 9 131 139 118 139
3 727897 | T11F001252E8 M00412 6935 13 13 122 134 118 139
3 727897 | T11F001252E8 M00984 860 15 15 -936 -922 -938 -917
3 727897 | T11F001252E8 M00984 861 15 15 -936 -922 -938 -917
3 727897 | T11F001252E8 MO00984 865 15 15 -936 -922 -938 -917
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727897 | T11F001252E8 M00984 864 15 15 -936 -922 -938 -917
3 727897 | T11F001252E8 M00159 1050 13 13 -937 -925 -938 -917
2 727897 | T11F001252E8 MO01047 7020 11 15 114 128 118 139
1 727897 | T11F001252E8 M00450 | None 8 9 132 140 118 139
3 727897 | T11F001252E8 MO00751 861 6 6 -932 -927 -938 -917
3 727897 | T11F001252E8 M00271 861 6 6 -932 -927 -938 -917
1 727897 | T11F001252E8 MO00515 5468 18 23 122 144 118 139
2 23705 | T11R06D3F6E4 MO00136 5451 3 15 -569 -555 -557 -536
1 23705 | T11R06D3F6E4 M00729 | None 10 14 -545 -532 -557 -536
2 23705 | T11RO6D3F6E4 MO00999 326 20 26 -563 -538 -557 -536
2 23705 | T11R06D3F6E4 M00127 2623 12 14 -559 -546 -557 -536
2 23705 | T11R06D3F6E4 MO01003 | None 6 11 -562 -552 -557 -536
3 23705 | T11R06D3F6E4 M00128 2623 13 13 -549 -537 -557 -536
1 8766 | T15F03CFD712 M00097 5080 16 21 -421 -401 -427 -406
1 8766 | T15F03CFD712 MO00463 5454 4 14 -409 -396 -427 -406
3 8766 | T15F03CFD712 MO00747 3659 7 7 -418 -412 -427 -406
2 3732 | T11F02A6FE32 MO00415 6935 7 9 -885 -877 -883 -862
3 7077 | T17R046EAB7F M00177 1385 12 12 -558 -547 -562 -541
3 7077 | T17R046EAB7F MO00514 468 12 12 -558 -547 -562 -541
3 7077 | T17R046EAB7F M00179 1386 12 12 -558 -547 -562 -541
3 7077 | T17R046EAB7F M00178 1385 12 12 -558 -547 -562 -541
3 7077 | T17RO46EAB7F MO00039 1385 8 8 -556 -549 -562 -541
3 7077 | T17R046EAB7F M00981 1385 9 9 -557 -549 -562 -541
3 7077 | T17R046EAB7F M00981 22809 9 9 -557 -549 -562 -541
3 7077 | T17R046EAB7F M00981 11016 9 9 -557 -549 -562 -541
3 7077 | T17R046EAB7F M00981 468 9 9 -557 -549 -562 -541
3 7077 | T17RO4A6EAB7F MO00981 1386 9 9 -557 -549 -562 -541
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7077 | T17R046EAB7F M00981 466 9 9 -557 -549 -562 -541
3 7077 | T17R046EAB7F M00981 1390 9 9 -557 -549 -562 -541
3 7077 | T17RO46EAB7F MO00981 22926 9 9 -557 -549 -562 -541
3 7077 | T17R046EAB7F M00981 467 9 9 -557 -549 -562 -541
1 9289 | T16F0359B808 MO00037 4778 4 11 -157 -147 -175 -154
3 9289 | T16F0359B808 M01044 6910 10 10 -174 -165 -175 -154
1 9289 | T16F0359B808 M00221 6720 9 11 -162 -152 -175 -154
3 9289 | T16F0359B808 MO00378 | None 12 12 -165 -154 -175 -154
1 9289 | T16F0359B808 MO00373 | None 20 21 -173 -153 -175 -154
1 6382 | TO2R01353CC3 M00340 2114 9 14 -171 -158 -184 -163
3 3714 | T14R063C89CC M00246 1959 12 12 -604 -593 -614 -593

3714 | T14R063C89CC MO01044 6910 9 10 -601 -592 -614 -593
3 3714 | T14R063C89CC MO00800 7020 16 16 -46 -31 -51 -30
3 3714 | T14R063C89CC M00800 7021 16 16 -46 -31 -51 -30
2 3714 | T14R063C89CC MO00056 4782 10 29 -70 -42 -51 -30
2 3714 | T14R063C89CC M00144 5079 4 28 -75 -48 -51 -30
2 3714 | T14R063C89CC M00328 7849 1 18 -68 -51 -51 -30
1 3714 | T14R063C89CC MO00373 | None 10 21 -39 -19 -51 -30
2 3714 | T14R063C89CC M00143 5079 9 28 -70 -43 -51 -30
2 2626 | TO8FOOBOA470 MO00088 | None 7 13 -381 -369 -375 -354
2 2626 | TO8FOOBOA470 M01109 51385 10 15 -380 -366 -375 -354
2 2626 | TO8FOOBOA470 M00208 | None 9 12 -378 -367 -375 -354
3 6281 | TO1RO8F45F62 M00915 7022 13 13 -562 -550 -568 -547
3 6281 | TO1RO8F45F62 M00915 7020 13 13 -562 -550 -568 -547
3 6281 | TO1RO8FA5F62 M00915 7021 13 13 -562 -550 -568 -547
2 6498 | TO3FOA396CBC M01036 7025 6 23 120 142 137 158
2 6498 | TO3FOA396CBC MO01036 7026 6 23 120 142 137 158
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2 6498 | TO3FOA396CBC M00727 2516 1 8 130 137 137 158
3 7799 | TO1FOOD55012 M00632 2626 12 12 -251 -240 -260 -239
2 7799 | TO1FOOD55012 MO00468 11278 5 7 -262 -256 -260 -239
3 6714 | T20F021C47E4 MO00716 | None 8 8 12 19 0 21
1 6714 | T20F021CA7E4 MO00333 | None 10 13 12 24 0 21
3 6714 | T20F021C47E4 MO00333 | None 13 13 8 20 0 21
1 2068 | T19R0303913C M01043 1482 6 10 -201 -192 -217 -196
1 9244 | T19R011B566F M00143 5079 7 28 -62 -35 -77 -56
2 9244 | T19R011B566F MO00808 5076 4 11 -84 -74 -77 -56
2 9244 | T19R011B566F MO00808 7849 4 11 -84 -74 -77 -56
2 9244 | T19R011B566F MO00808 5079 4 11 -84 -74 -77 -56
2 3481 | T11R0020310A MO00075 | None 6 10 -469 -460 -465 -444
2 3481 | T11R0020310A MO00069 7528 12 20 -473 -454 -465 -444
1 3481 | T11R0020310A MO00088 | None 12 13 -455 -443 -465 -444
2 81 | T19F029DBE32 MO00765 7025 1 13 168 180 180 201
2 81 | T19F029DBE32 MO00765 7026 1 13 168 180 180 201
1 5087 | TO1F09B4110C M00281 5989 9 18 147 164 134 155
1 5087 | TO1F09B4110C MO00410 6662 9 14 147 160 134 155
2 5087 | TO1F09B4110C MO00746 1997 10 12 132 143 134 155
2 5087 | TO1F09B4110C MO00658 6688 7 8 133 140 134 155

5087 | TO1F09B4110C M00160 6736 8 12 148 159 134 155
3 5087 | TO1F09B4110C MO00415 6935 9 9 147 155 134 155
3 4436 | TO2F02D48712 M00396 | None 7 7 -330 -324 -343 -322
2 4436 | TO2F02D48712 M00144 5079 8 28 -363 -336 -343 -322
1 4436 | T02F02D48712 M00803 1871 4 6 -325 -320 -343 -322
1 4436 | TO2F02D48712 M00803 7027 4 6 -325 -320 -343 -322
1 4436 | TO2F02D48712 MO00803 1874 4 6 -325 -320 -343 -322
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4436 | T02F02D48712 M00803 1869 4 6 -325 -320 -343 -322
3 4583 | T11FO0105A9E M01118 7490 9 9 -446 -438 -454 -433
3 4583 | T11FO0105A9E MO00446 | None 15 15 -452 -438 -454 -433
1 25 | TO9FO7E6FAFC M01010 3159 3 15 -346 -332 -365 -344
1 25 | TO9FO7E6FAFC M01010 8091 3 15 -346 -332 -365 -344
1 25 | TO9FO7E6FAFC M00341 2553 10 12 -353 -342 -365 -344
1 25 | TOSFO7E6FAFC M00341 2551 10 12 -353 -342 -365 -344
1 25 | TO9FO7E6FAFC M00460 6776 5 24 -348 -325 -365 -344
1 25 | TO9FO7E6FAFC M00459 6777 8 15 -351 -337 -365 -344
1 25 | TO9FO7E6FAFC M00224 6772 11 21 -354 -334 -365 -344
1 25 | TO9FO7E6FAFC M00225 6774 11 21 -354 -334 -365 -344
1 25 | TOSFO7E6FAFC M00223 6775 5 9 -348 -340 -365 -344
1 25 | TO9FO7E6FAFC M00223 6778 5 9 -348 -340 -365 -344
1 25 | TOSFO7E6FAFC M00223 6772 5 9 -348 -340 -365 -344
1 25 | TO9FO7E6FAFC M00223 6774 5 9 -348 -340 -365 -344
1 25 | TO9FO7E6FAFC M00223 6773 5 9 -348 -340 -365 -344
1 25 | TO9FO7E6FAFC MO01004 | None 4 11 -347 -337 -365 -344
2 1499 | TO3F0274EA18 MO00378 | None 10 12 28 39 30 51
3 1499 | TO3F0274EA18 M01100 51341 9 9 40 48 30 51
2 1499 | TO3F0274EA18 M00196 6667 4 13 21 33 30 51
2 1499 | TO3F0274EA18 M00932 6670 4 13 21 33 30 51
2 1499 | TO3F0274EA18 MO00932 6668 4 13 21 33 30 51
2 1499 | TO3F0274EA18 M00932 6667 4 13 21 33 30 51
2 1499 | TO3F0274EA18 M00932 6671 4 13 21 33 30 51
3 1499 | TO3F0274EA18 MO00450 | None 9 9 39 47 30 51
2 1499 | TO3F0274EA18 MO00008 6667 3 10 23 32 30 51
2 1499 | TO3F0274EA18 MO00931 6670 3 10 23 32 30 51
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1499 | TO3F0274EA18 M00931 6667 3 10 23 32 30 51
2 1499 | TO3F0274EA18 M00931 6671 3 10 23 32 30 51
2 1499 | TO3F0274EA18 MO00933 6668 2 10 22 31 30 51
2 1499 | TO3F0274EA18 M00933 6671 2 10 22 31 30 51
2 1499 | TO3F0274EA18 MO00933 6667 2 10 22 31 30 51
2 1499 | TO3F0274EA18 MO00933 6670 2 10 22 31 30 51
2 1499 | TO3F0274EA18 M00982 1960 1 14 17 30 30 51
2 1499 | TO3F0274EA18 M00982 1959 1 14 17 30 30 51
2 1499 | TO3F0274EA18 M00982 1958 1 14 17 30 30 51
2 1499 | TO3F0274EA18 M00982 1961 1 14 17 30 30 51
1 1948 | T13R06512E8E M00102 1523 13 15 -158 -144 -167 -146
1 1948 | T13R06512E8E MO00103 | None 13 15 -158 -144 -167 -146
1 1948 | T13R06512E8E MO01125 | None 1 15 -146 -132 -167 -146
1 1948 | T13R06512E8E M00138 5451 2 23 -147 -125 -167 -146
1 1948 | T13R06512E8E MO01075 7704 3 29 -148 -120 -167 -146
1 1948 | T13R06512E8E M00145 5454 5 16 -150 -135 -167 -146
3 4583 | T11F00106014 M00285 4779 13 13 -582 -570 -591 -570
1 4583 | T11F00106014 MO00539 405 8 20 -577 -558 -591 -570
1 4583 | T11F00106014 M00726 7392 1 6 -570 -565 -591 -570
3 4583 | T11F00106014 MO00395 | None 9 9 -580 -572 -591 -570
1 1509 | T11R001A5981 MO00974 4091 7 11 -58 -48 -73 -52
1 1509 | T11R001A5981 MO00974 4089 7 11 -58 -48 -73 -52
1 1509 | T11R001A5981 MO00974 4092 7 11 -58 -48 -73 -52
1 1509 | T11R001A5981 MO00974 4087 7 11 -58 -48 -73 -52
1 1509 | T11R001A5981 MO00974 4086 7 11 -58 -48 -73 -52
1 1509 | T11R001A5981 MO00974 4090 7 11 -58 -48 -73 -52
1 1509 | T11R001A5981 MO00974 4088 7 11 -58 -48 -73 -52
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4583 | T11F00106B33 MO00448 | None 8 9 -117 -109 -116 -95
1 4583 | T11F00106B33 MO00800 7020 1 16 -95 -80 -116 -95
1 4583 | T11F00106B33 MO00800 7021 1 16 -95 -80 -116 -95
2 4790 | TO4F062D70B7 MO00004 | None 5 18 -993 -976 -980 -959
2 654 | TO6F007686F4 MO00373 | None 17 21 -317 -297 -313 -292
3 654 | TO6F007686F4 M00220 6720 11 11 -313 -303 -313 -292
2 654 | TO6F007686F4 M00514 468 6 12 -319 -308 -313 -292
2 654 | TO6F007686F4 MO00513 467 7 14 -320 -307 -313 -292
2 654 | TO6F007686F4 MO00373 | None 4 21 -330 -310 -313 -292
3 654 | TO6F007686F4 M01029 4286 8 8 -312 -305 -313 -292
3 654 | TO6F007686F4 M01029 7030 8 8 -312 -305 -313 -292
3 654 | TO6F007686F4 M01029 7942 8 8 -312 -305 -313 -292
2 4436 | T02F02D48B97 M00449 7546 8 9 125 133 126 147
3 4436 | TO2F02D48B97 MO00333 | None 13 13 133 145 126 147
3 4436 | TO2F02D48B97 MO00751 861 6 6 129 134 126 147
3 4436 | TO2F02D48B97 M00271 861 6 6 129 134 126 147
2 3815 | TO4F034A92C1 MO00733 4089 12 15 -455 -441 -452 -431
2 3815 | TO4F034A92C1 M00143 5079 13 28 -467 -440 -452 -431
2 2114 | T21F0254E0A0 MO00640 3201 2 8 -82 -75 -76 -55
1 2114 | T21F0254EQ0A0 MO00747 3659 5 7 -59 -53 -76 -55
3 2114 | T21F0254E0A0 M00240 | None 7 7 -61 -55 -76 -55
2 3570 | TO1F09192BAD MO00975 5989 5 9 -427 -419 -423 -402
2 3570 | TO1F09192BAD MO00975 5992 5 9 -427 -419 -423 -402
2 3570 | TO1F09192BAD MO00975 8625 5 9 -427 -419 -423 -402
2 3570 | TO1F09192BAD MO00975 5990 5 9 -427 -419 -423 -402
2 3570 | TO1F09192BAD MO00975 5993 5 9 -427 -419 -423 -402
2 3570 | TO1F09192BAD MO00975 5991 5 9 -427 -419 -423 -402
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2 3570 | TO1F09192BAD MO00975 5994 5 9 -427 -419 -423 -402
2 3570 | TO1F09192BAD M01072 3090 7 15 -431 -417 -423 -402
2 11214 | T15F0503078B M00281 5989 6 18 -177 -160 -165 -144
2 6624 | TO7FO0556EFD M00915 7022 8 13 -87 -75 -82 -61
2 6624 | TO7FO0556EFD MO00915 7020 8 13 -87 -75 -82 -61
2 6624 | TO7FO0556EFD MO00915 7021 8 13 -87 -75 -82 -61

6624 | TO7FO0556EFD M00143 5079 21 28 -81 -54 -82 -61
3 6624 | TO7FO0556EFD M00192 2908 19 19 -425 -407 -425 -404
1 6624 | TO7FO0556EFD M00800 7020 7 16 -67 -52 -82 -61
1 6624 | TO7FO0556EFD MO00800 7021 7 16 -67 -52 -82 -61
3 6624 | TO7FO0556EFD MO01113 | None 8 8 -68 -61 -82 -61
1 6624 | TO7FO0556EFD M00626 5989 4 14 -64 -51 -82 -61
1 6624 | TO7FO0556EFD M00144 5079 2 28 -62 -35 -82 -61
2 6624 | TO7FO0556EFD M00144 5079 16 28 -94 -67 -82 -61
1 302 | T15R037B8B75 M00195 5451 7 15 -734 -720 -749 -728
3 302 | T15R037B8B75 MO00770 1053 12 12 -743 -732 -749 -728
3 302 | T15R037B8B75 MO00770 1050 12 12 -743 -732 -749 -728
3 302 | T15R037B8B75 MO00770 1054 12 12 -743 -732 -749 -728
3 302 | T15R037B8B75 MO00770 1051 12 12 -743 -732 -749 -728
3 302 | T15R037B8B75 MO00770 1052 12 12 -743 -732 -749 -728
1 302 | T15R037B8B75 M00795 5451 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 MO00795 5452 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 M00795 5450 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 MO00795 5460 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 M00795 5462 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 M00795 5457 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 MO00795 5453 6 11 -733 -723 -749 -728
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302 | T15R037B8B75 M00795 5454 6 11 -733 -723 -749 -728
1 302 | T15R037B8B75 M00135 5451 9 19 -736 -718 -749 -728
2 302 | T15R037B8B75 M00991 1044 16 18 -751 -734 -749 -728
2 302 | T15R037B8B75 M00991 1045 16 18 -751 -734 -749 -728
1 302 | T15R037B8B75 M00210 5452 7 13 -734 -722 -749 -728
1 302 | T15R037B8B75 M00210 5451 7 13 -734 -722 -749 -728
2 302 | T15R037B8B75 MO00380 | None 8 30 -771 -742 -749 -728
1 302 | T15R037B8B75 M00138 5451 11 23 -738 -716 -749 -728
1 302 | T15R037B8B75 M00464 5454 4 10 -731 -722 -749 -728
1 302 | T15R037B8B75 MO00342 5451 5 10 -732 -723 -749 -728
1 302 | T15R037B8B75 MO00131 | None 10 15 -737 -723 -749 -728
3 4173 | TO8FO2EC40A7 MO00466 3091 12 12 -727 -716 -736 -715
3 4843 | T17R016143A8 M00240 | None 7 7 -688 -682 -689 -668
2 4843 | T17R016143A8 MO00794 7080 10 12 -691 -680 -689 -668
1 4843 | T17R016143A8 M00222 6929 4 16 -671 -656 -689 -668
3 4583 | T11F00105E29 M00285 4779 13 13 -91 -79 -100 -79
1 4583 | T11FO0105E29 M00726 7392 1 6 -79 -74 -100 -79
1 4583 | T11F00105E29 MO00539 405 8 20 -86 -67 -100 -79
3 4583 | T11FO0105E29 MO00395 | None 9 9 -89 -81 -100 -79
1 5914 | T17F02213EF7 M00340 2114 5 14 -752 -739 -769 -748
1 5914 | T17F02213EF7 M00531 1998 6 18 -753 -736 -769 -748
1 5914 | T17F02213EF7 M00341 2553 4 12 -751 -740 -769 -748
1 5914 | T17F02213EF7 M00341 2551 4 12 -751 -740 -769 -748
1 5914 | T17F02213EF7 MO00678 51513 3 10 -750 -741 -769 -748
1 5914 | T17F02213EF7 M00327 5077 17 21 -764 -744 -769 -748
1 5914 | T17F02213EF7 M00339 2113 4 15 -751 -737 -769 -748
1 5914 | T17F02213EF7 MO00032 | None 4 10 -751 -742 -769 -748
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5914 | T17F02213EF7 M01043 1482 10 -748 -739 -769 -748
5914 | T17F02213EF7 MO00655 2118 7 -749 -743 -769 -748
5914 | T17F02213EF7 MO00971 2005 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2113 8 -750 -743 -769 -748
5914 | T17F02213EF7 MO00971 51513 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2004 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2002 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 1998 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2078 8 -750 -743 -769 -748
5914 | T17F02213EF7 MO00971 2551 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2114 8 -750 -743 -769 -748
5914 | T17F02213EF7 MO00971 6688 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 6689 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2313 8 -750 -743 -769 -748
5914 | T17F02213EF7 MO00971 2553 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2000 8 -750 -743 -769 -748
5914 | T17F02213EF7 MO00971 1997 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2118 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00971 2120 8 -750 -743 -769 -748
5914 | T17F02213EF7 M00771 1998 12 -750 -739 -769 -748
5914 | T17F02213EF7 M00771 2077 12 -750 -739 -769 -748
5914 | T17F02213EF7 MO00771 51513 12 -750 -739 -769 -748
5914 | T17F02213EF7 M00771 2113 12 -750 -739 -769 -748
5914 | T17F02213EF7 MO00771 2313 12 -750 -739 -769 -748
5914 | T17F02213EF7 M00771 2078 12 -750 -739 -769 -748
5914 | T17F02213EF7 M00771 2005 12 -750 -739 -769 -748
5914 | T17F02213EF7 MO00771 2114 12 -750 -739 -769 -748
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4583 | T11F00106A1D MO00448 | None 8 9 161 169 162 183
1 4583 | T11F00106A1D MO00800 7020 1 16 183 198 162 183
1 4583 | T11F00106A1D MO00800 7021 1 16 183 198 162 183
2 3481 | T11R00203254 M00245 1960 4 12 -803 -792 -795 -774
2 3481 | T11R00203254 M00196 6667 1 13 -807 -795 -795 -774
2 3481 | T11R00203254 M00932 6670 1 13 -807 -795 -795 -774
2 3481 | T11R00203254 M00932 6668 1 13 -807 -795 -795 -774
2 3481 | T11R00203254 M00932 6667 1 13 -807 -795 -795 -774
2 3481 | T11R00203254 M00932 6671 1 13 -807 -795 -795 -774
3 3481 | T11R00203254 M01100 51341 9 9 -792 -784 -795 -774
3 3481 | T11R00203254 M01100 51341 9 9 -795 -787 -795 -774
2 994 | T20F0038F8EC M00143 5079 14 28 -900 -873 -886 -865
2 994 | T20F0038F8EC M00221 6720 1 11 -896 -886 -886 -865
3 6714 | T20F021C4838 MO00333 | None 13 13 -76 -64 -84 -63

6714 | T20F021C4838 MO00716 | None 8 8 -72 -65 -84 -63
1 6714 | T20F021C4838 MO00333 | None 10 13 -72 -60 -84 -63
3 2886 | T17F02184FDB M00241 | None 8 8 -31 -24 -41 -20
1 2886 | T17F02184FDB M00280 5989 4 17 -23 -7 -41 -20
1 2321 | T13R01AA206D | MO00999 326 14 26 -3 22 -11 10
3 2321 | T13R01AA206D | MO00640 3201 8 8 -7 0 -11 10
1 2264 | TO5FOA843489 M00023 | None 9 30 -954 -925 -967 -946
1 4860 | T14F013149F1 MO00803 1871 1 6 -866 -861 -887 -866
1 4860 | T14F013149F1 M00803 7027 1 6 -866 -861 -887 -866
1 4860 | T14F013149F1 M00803 1874 1 6 -866 -861 -887 -866
1 4860 | T14F013149F1 MO00803 1869 1 6 -866 -861 -887 -866
2 4860 | T14F013149F1 MO00808 5076 9 11 -889 -879 -887 -866
2 4860 | T14F013149F1 MO00808 7849 9 11 -889 -879 -887 -866
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4860 | T14F013149F1 MO00808 5079 9 11 -889 -879 -887 -866
2 7014 | T16R040D4055 MO00380 | None 1 30 -640 -611 -611 -590
1 7014 | T16R040D4055 MO00144 5079 5 28 -594 -567 -611 -590
1 7015 | TO5R0013C2D7 M00201 1050 3 18 157 174 138 159
1 3481 | T11R00203063 M00192 2908 7 19 -283 -265 -298 -277
3 3481 | T11R00203063 M00192 2908 19 19 -295 -277 -298 -277
2 3481 | T11R00203063 M00192 2908 13 19 -304 -286 -298 -277
3 3221 | T12F032469A6 MO00464 5454 10 10 -183 -174 -194 -173
2 3221 | T12F032469A6 MO00695 | None 3 7 -773 -767 -769 -748
3 3221 | T12F032469A6 M01047 7020 15 15 -762 -748 -769 -748
3 3221 | T12F032469A6 M00293 2300 16 16 -190 -175 -194 -173
2 9956 | T16FO15AEOB8 MO00649 4150 3 8 -150 -143 -145 -124
3 9956 | T16F015AEOBS8 MO00716 | None 8 8 -105 -98 -119 -98
1 9956 | T16FO15AEOB8 MO00777 6778 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOBS8 MO00777 6776 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOB8 MQ00777 6777 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOB8 MO00777 6775 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOBS8 MO00777 6772 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOBS8 MO00777 6773 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOBS8 MO00777 6774 10 13 -133 -121 -145 -124
1 9956 | T16FO15AEOB8 M00084 7593 3 13 -126 -114 -145 -124
2 9956 | T16FO15AEOBS8 MO00084 7593 6 13 -126 -114 -119 -98
3 9956 | T16FO15AEOB8 MO00415 6935 9 9 -132 -124 -145 -124
2 4790 | TO4F062D7027 MO00004 | None 5 18 -849 -832 -836 -815
1 4583 | T11F0010618D MO00539 405 8 20 -954 -935 -968 -947
1 4583 | T11F0010618D M00726 7392 1 6 -947 -942 -968 -947
3 4583 | T11F0010618D M00285 4779 13 13 -959 -947 -968 -947
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4583 | T11F0010618D MO00395 | None 9 9 -957 -949 -968 -947

1 3480 | T15FO5CCO41F MO00373 | None 14 21 -758 -738 -766 -745
3 2335 | TO2ROCDFC7B3 MO01004 | None 11 11 -132 -122 -143 -122
1 2335 | TO2ROCDFC7B3 M00056 4782 5 29 -126 -98 -143 -122
3 2335 | TO2ROCDFC7B3 M00293 2300 16 16 -143 -128 -143 -122
2 2335 | TO2ROCDFC7B3 MO00373 | None 13 21 -151 -131 -143 -122
1 864 | TO1R017FF283 M00761 8626 9 10 60 69 47 68
1 864 | TO1R017FF283 M00761 7157 9 10 60 69 47 68
1 864 | TO1R017FF283 M00761 7161 9 10 60 69 47 68
2 864 | TO1R017FF283 MO00373 | None 15 21 41 61 47 68
3 864 | TO1R017FF283 MO00088 | None 13 13 52 64 47 68
3 864 | TO1R017FF283 M00223 6775 9 9 52 60 47 68
3 864 | TO1R017FF283 M00223 6778 9 9 52 60 47 68
3 864 | TO1R017FF283 M00223 6772 9 9 52 60 47 68
3 864 | TO1R017FF283 M00223 6774 9 9 52 60 47 68
3 864 | TO1R017FF283 M00223 6773 9 9 52 60 47 68
3 864 | TO1R017FF283 MO00777 6778 13 13 47 59 47 68
3 864 | TO1R017FF283 MO00777 6776 13 13 47 59 47 68
864 | TO1R017FF283 MO00777 6777 13 13 47 59 47 68

3 864 | TO1R017FF283 MO00777 6775 13 13 47 59 47 68
3 864 | TO1R017FF283 MO00777 6772 13 13 47 59 47 68
3 864 | TO1R017FF283 MO00777 6773 13 13 47 59 47 68
3 864 | TO1R017FF283 MQ00777 6774 13 13 47 59 47 68
1 864 | TO1R017FF283 M00955 2908 2 27 67 93 47 68
2 5970 | T11R03E29B2D MO00695 | None 1 7 114 120 120 141
1 130497 | TO2R01283138 MO01044 6910 9 10 -845 -836 -858 -837
3 130497 | TO2R01283138 MO00032 | None 10 10 10 19 7 28
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130497 | TO2R01283138 M00025 2002 14 14 7 20 7 28
1 130497 | TO2R01283138 M01109 51385 5 15 -841 -827 -858 -837
1 130497 | TO2R01283138 MO00328 7849 8 18 21 38 7 28
1 25 | TO9FO7E6FBCC M00460 6776 5 24 -556 -533 -573 -552
1 25 | TO9FO7E6FBCC M00341 2553 10 12 -561 -550 -573 -552
1 25 | TO9FO7E6FBCC M00341 2551 10 12 -561 -550 -573 -552
1 25 | TO9FO7E6FBCC M00224 6772 11 21 -562 -542 -573 -552
1 25 | TO9FO7E6FBCC M00225 6774 11 21 -562 -542 -573 -552
1 25 | TO9FO7E6FBCC M00459 6777 8 15 -559 -545 -573 -552
1 25 | TO9FO7E6FBCC MO01004 | None 4 11 -555 -545 -573 -552
1 25 | TO9FO7E6FBCC M01010 3159 3 15 -554 -540 -573 -552
1 25 | TO9FO7E6FBCC M01010 8091 3 15 -554 -540 -573 -552
1 25 | TO9FO7E6FBCC M00223 6775 5 9 -556 -548 -573 -552
1 25 | TO9FO7E6FBCC M00223 6778 5 9 -556 -548 -573 -552
1 25 | TO9FO7E6FBCC M00223 6772 5 9 -556 -548 -573 -552
1 25 | TO9FO7E6FBCC M00223 6774 5 9 -556 -548 -573 -552
1 25 | TO9FO7E6FBCC M00223 6773 5 9 -556 -548 -573 -552
2 5970 | T11R03E25271 MO00808 5076 1 11 -740 -730 -730 -709
2 5970 | T11R03E25271 MO00808 7849 1 11 -740 -730 -730 -709
2 5970 | T11R03E25271 MO00808 5079 1 11 -740 -730 -730 -709
1 5970 | T11R03E25271 MO00360 | None 9 13 -717 -705 -730 -709
1 5970 | T11R03E25271 M00244 | None 6 12 -714 -703 -730 -709
1 5970 | T11R03E25271 M00246 1959 6 12 -714 -703 -730 -709
1 5970 | T11R03E25271 MO00378 | None 11 12 -719 -708 -730 -709
2 5970 | T11R03E25271 MO00808 5076 3 11 -738 -728 -730 -709
2 5970 | T11R03E25271 MO00808 7849 3 11 -738 -728 -730 -709
2 5970 | T11R03E25271 MO00808 5079 3 11 -738 -728 -730 -709
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5970 | T11R03E25271 MO01044 6910 1 10 -709 -700 -730 -709
1 26330 | T19F026D32A1 MO00515 5468 20 23 -969 -947 -971 -950
1 4193 | T12F0405CD2F MO00446 | None 2 15 7 21 -13 8
1 4193 | T12F0405CD2F M00143 5079 18 28 -9 18 -13 8
2 4017 | TO8RO162B8AD | M00133 5453 6 15 -926 -912 -917 -896
2 4017 | TO8R0162B8AD | M00821 4780 8 13 -922 -910 -917 -896
1 4017 | TO8R0O162B8AD | M00991 1044 5 18 -900 -883 -917 -896
1 4017 | TO8R0162B8AD | M00991 1045 5 18 -900 -883 -917 -896
2 4017 | TO8R0O162B8AD | M00284 4779 13 22 -926 -905 -917 -896
2 4017 | TO8RO162B8AD | MO00037 4778 7 11 -921 -911 -917 -896
3 4017 | TO8R0O162B8AD | M00630 | None 9 9 -911 -903 -917 -896
2 4017 | TO8R0O162B8AD | M00517 3727 7 13 -923 -911 -917 -896
2 4017 | TO8R0O162B8AD | M00517 3725 7 13 -923 -911 -917 -896
2 4017 | TO8R0O162B8AD | M00517 8061 7 13 -923 -911 -917 -896
2 4017 | TO8RO162B8AD | MO00517 3726 7 13 -923 -911 -917 -896
2 4017 | TO8R0O162B8AD | M00517 2353 7 13 -923 -911 -917 -896
3 4017 | TO8RO162B8AD | M00993 6886 10 10 -914 -905 -917 -896
2 2249 | T11R0421678A M01045 7020 4 15 -97 -83 -86 -65
3 4583 | T11FOOOFFOA6 MO01003 | None 11 11 -927 -917 -929 -908
2 4583 | T11FOOOFFOA6 MO00395 | None 8 9 -930 -922 -929 -908
3 4583 | T11FOOOFFOA6 M00394 | None 9 9 -929 -921 -929 -908
2 4790 | TOAF062E9997 MO00380 | None 18 30 127 156 139 160
1 5175 | T17R0390211C M00456 2186 9 14 -456 -443 -469 -448
2 5175 | T17R0390211C M00955 2908 21 27 -475 -449 -469 -448
2 5175 | T17R0390211C M00145 5454 1 16 -484 -469 -469 -448
3 5175 | T17R0390211C M00148 6736 7 7 -454 -448 -469 -448
3 5175 | T17R0390211C MO00998 5089 12 12 -469 -458 -469 -448
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5175 | T17R0390211C M00998 5087 12 12 -469 -458 -469 -448
3 5175 | T17R0390211C M00998 5090 12 12 -469 -458 -469 -448
2 220972 | T10R02B4E5B9 MO00378 | None 10 12 -768 -757 -766 -745
1 220972 | T10R02B4E5B9 M00192 2908 18 19 -762 -744 -766 -745
2 324 | TO5F06B00439 MO00373 | None 20 21 -606 -586 -605 -584
2 3860 | T17R02333152 MO01004 | None 7 11 -638 -628 -634 -613
1 3860 | T17R02333152 MO00444 7421 3 15 -615 -601 -634 -613
1 3860 | T17R02333152 MO00966 7421 7 21 -619 -599 -634 -613
1 3860 | T17R02333152 M00966 6256 7 21 -619 -599 -634 -613
1 3860 | T17R02333152 MO00966 8856 7 21 -619 -599 -634 -613
1 3860 | T17R02333152 M00966 9970 7 21 -619 -599 -634 -613
2 6281 | TO1RO8F45E53 MO00446 | None 7 15 -305 -291 -297 -276
3 6281 | TO1RO8FASES3 MO00695 | None 7 7 -294 -288 -297 -276
3 6281 | TO1RO8F45E53 M00466 3091 12 12 -292 -281 -297 -276
2 6281 | TO1RO8FASES3 MO00378 | None 6 12 -303 -292 -297 -276
1 55206 | T12R074B39D3 MO00955 2908 2 27 141 167 121 142
2 3918 | TO1FOADO47C6 M00130 27022 5 12 -643 -632 -636 -615
3 3918 | TO1FOADO47C6 M00148 6736 7 7 -635 -629 -636 -615
2 3918 | TO1FOADO047C6 MO00809 2302 9 13 -640 -628 -636 -615
2 3918 | TO1FOADO047C6 MO00809 2294 9 13 -640 -628 -636 -615
2 3918 | TO1FOADO047C6 M00809 27022 9 13 -640 -628 -636 -615
2 3918 | TO1FOADO47C6 MO00809 2295 9 13 -640 -628 -636 -615
2 3918 | TO1FOADO047C6 M00289 2299 9 13 -640 -628 -636 -615
2 3918 | TO1FOADO047C6 M01012 3169 11 18 -643 -626 -636 -615
2 3918 | TO1FOADO47C6 M01012 3170 11 18 -643 -626 -636 -615
2 3918 | TO1FOADO047C6 M01012 3171 11 18 -643 -626 -636 -615
2 3918 | TO1FOADO47C6 M00130 27022 9 12 -639 -628 -636 -615
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3918 | TO1FOADO47C6 M00724 3169 6 11 -641 -631 -636 -615
2 3918 | TO1FOADO047C6 M00160 6736 11 12 -637 -626 -636 -615
2 3918 | TO1FOADO47C6 M00148 6736 4 7 -639 -633 -636 -615
2 3918 | TO1FOADO047C6 M00791 3170 8 13 -641 -629 -636 -615
2 3918 | TO1FOADO47C6 MO00791 3169 8 13 -641 -629 -636 -615
2 3918 | TO1FOADO47C6 M00791 3171 8 13 -641 -629 -636 -615
2 7431 | T10F0108240B MO00919 1869 9 11 -811 -801 -809 -788
2 7431 | T10F0108240B MO00919 1871 9 11 -811 -801 -809 -788
2 7431 | T10F0108240B M00919 1874 9 11 -811 -801 -809 -788
2 7431 | T10F0108240B MO00919 7027 9 11 -811 -801 -809 -788
2 7431 | T10F0108240B MO00918 1871 8 9 -810 -802 -809 -788
2 7431 | T10F0108240B MO00918 1869 8 9 -810 -802 -809 -788
2 7431 | T10F0108240B MO00918 7027 8 9 -810 -802 -809 -788
2 7431 | T10F0108240B M00918 1874 8 9 -810 -802 -809 -788
3 7431 | T10F0108240B MO00426 | None 8 8 -809 -802 -809 -788
3 7431 | T10F0108240B MO00427 | None 8 8 -809 -802 -809 -788
3 7431 | T10F0108240B MO00430 | None 8 8 -809 -802 -809 -788
3 4583 | T11F00105A6B MO00446 | None 15 15 -401 -387 -403 -382
3 4583 | T11F00105A6B M01118 7490 9 9 -395 -387 -403 -382
1 5915 | TO3F0184DAEC MO00006 4205 12 16 -906 -891 -916 -895
1 4313 | T16F03390C37 M00626 5989 9 14 -310 -297 -323 -302
1 7430 | TO6R097C10CE MO00056 4782 2 29 -415 -387 -435 -414
1 7430 | TO6R097C10CE M00144 5079 20 28 -433 -406 -435 -414
1 7430 | TO6R097C10CE M00097 5080 15 21 -428 -408 -435 -414
1 7430 | TO6R097C10CE M00245 1960 7 12 -420 -409 -435 -414
2 7430 | TO6R097C10CE M00056 4782 12 29 -452 -424 -435 -414
1 7430 | TO6R097C10CE M00328 7849 13 18 -426 -409 -435 -414
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7430

TO6R097C10CE

MO00704

7003

-438 -433 -435 -414

APPENDIX IV: TFBSs

with overlapping SNPs

Gene Accession SNP

TSS ID No. TSSStart Strand | Chromosome | SequenceStart | SequenceStop | RefSNP ID SNP | position Source

TO5FO8F6BD67 2878 | M00539 150388071 | + chr5 150388123 150388142 | rs8177451 C/T 150388140 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO8R016224CB 4017 | M00237 23209163 | - chr8 23210084 23210066 | rs4348504 C/T 23210076 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T12R02D6E495 7480 | M00075 47637653 | - chri2 47637594 47637585 | rs863855 G/T 47637590 | ../snp/forward/non-redundant/genotypes_chrl2_YRI_r27_nr.b36_fwd.txt
T11RO1EE8567 7490 | M01045 32408935 | - chrll 32409510 32409496 | rs10742277 | C/G 32409501 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T11R01ED6902 7490 | M00143 32336130 | - chrll 32337118 32337091 | rs7118294 C/T 32337097 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T19F02C44336 558 | M00033 46416694 | + chrl9 46416658 46416671 | rs2301236 A/G 46416660 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
T18R03865B74 596 | M00243 59136884 | - chrl8 59136755 59136744 | rs1800477 C/T 59136753 | ../snp/forward/non-redundant/genotypes_chrl8_YRI_r27_nr.b36_fwd.txt
TO9R021779C1 30968 | M00144 35092929 | - chr9 35093143 35093116 | rs2298310 A/C 35093117 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T02F06522C1D 84417 | M01045 106048541 | + chr2 106048030 106048044 | rs755651 C/T 106048032 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO3RO0OCO5A1D 5894 | M00143 12605981 | - chr3 12606883 12606856 | rs7637824 A/C 12606865 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T20R02284781 7052 | M00518 36194177 | - chr20 36194086 36194068 | rs6023261 A/G 36194071 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T21F0254E2D4 2114 | M00378 39117524 | + chr21 39117698 39117709 | rs1051476 C/G 39117706 | ../snp/forward/non-redundant/genotypes_chr21_YRI_r27_nr.b36_fwd.txt
T15F05031C8F 11214 | M00378 84089999 | + chrl5 84089511 84089522 | rs1053992 C/G 84089522 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
TO9R051CFI6F 3190 | M00333 85784943 | - chr9 85785555 85785543 | rs296890 A/C 85785551 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T16FO3DF2E28 1003 | M00056 64957992 | + chrl6 64957967 64957995 | rs11860610 | A/G 64957977 | ../snp/forward/non-redundant/genotypes_chr16_YRI_r27_nr.b36_fwd.txt
T20R01C63BD2 598 | M00378 29768658 | - chr20 29769528 29769517 | rs13339897 | G/T 29769521 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T18R0O06BB679 | 284217 | M00644 7059065 | - chrl8 7059745 7059739 | rs8095328 A/C 7059745 | ../snp/forward/non-redundant/genotypes_chrl8_YRI_r27_nr.b36_fwd.txt
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T18F00347AEA

7050 | M00024 3439338 chrig8 3439039 3439053 | rs8090978 A/G 3439046 | ../snp/forward/non-redundant/genotypes_chrl8_YRI_r27_nr.b36_fwd.txt
T20R02283F93 7052 | M00144 36192147 chr20 36192298 36192271 | rs2076378 C/T 36192272 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TOSROOB2F717 1508 | M01109 11728663 chr8 11728747 11728733 | rs1293319 c/T 11728739 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T18R0383753E 596 | M00360 58946878 chrl8 58947433 58947421 | rs10503077 | C/T 58947425 | ../snp/forward/non-redundant/genotypes_chr18_YRI_r27_nr.b36_fwd.txt
TO6F01D86475 780 | M01109 30958709 chré 30958549 30958563 | rs1264327 A/G 30958561 | ../snp/forward/non-redundant/genotypes_chré_YRI_r27_nr.b36_fwd.txt
TO9F0766CBF3 5742 | M00143 124177395 chr9 124177455 124177482 | rs10306133 | C/T 124177465 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T17R01DC8DF5 6352 | M00144 31231477 chrl7 31232320 31232293 | rs4239253 C/T 31232303 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
TO9F0554EF7C 1612 | M00144 89452412 chr9 89452459 89452486 | rs1927975 C/T 89452483 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
TO1FOADO047C6 3918 | M00143 181422022 chrl 181421916 181421943 | rs2276543 A/G 181421928 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
TO1FO1F04B4D 3065 | M00695 32525133 chrl 32524659 32524665 | rs11807976 | A/G 32524661 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
TO9FO554EF7C 1612 | M00072 89452412 chr9 89451827 89451837 | rs12343313 | C/T 89451828 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
TO3F00950B65 4968 | M00800 9767781 chr3 9767402 9767417 | rs3219001 C/T 9767417 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T15R053B693F 51458 | M00749 87779647 chrl5 87780302 87780296 | rs8034740 C/T 87780299 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
T15F050034C5 11214 | M00115 83899589 chrl5 83898783 83898797 | rs12442369 | C/T 83898796 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
T11F00108922 4583 | M00143 1083682 chrll 1083702 1083729 | rs7944723 C/G 1083710 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T14F0641FBFC 9112 | M00025 104987644 chrl4 104987462 104987475 | rs4983409 /T 104987465 | ../snp/forward/non-redundant/genotypes_chr14_YRI_r27_nr.b36_fwd.txt
TO2FOA87B45F 3239 | M00033 176665695 chr2 176664753 176664766 | rs3754983 A/G 176664756 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO1R02BA3ESF 5052 | M00716 45760143 chrl 45760165 45760158 | rs17522918 | A/C 45760161 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
TO7R019E59D8 3204 | M00280 27154904 chr7 27155722 27155706 | rs3807597 C/T 27155720 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
T13F01CCEECO 241 | M00378 30207680 chrl3 30206713 30206724 | rs3809376 A/C 30206722 | ../snp/forward/non-redundant/genotypes_chrl3_YRI_r27_nr.b36_fwd.txt
TO7R005470CD 60 | M00733 5533901 chr7 5534518 5534504 | rs11546899 | A/G 5534512 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
TO1FO6BA20CB 7482 | M00518 112861387 chrl 112860734 112860752 | rs351372 A/T 112860743 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T11F02180E2A 960 | M00539 35130922 chril 35130706 35130725 | rs353620 A/G 35130712 | ../snp/forward/non-redundant/genotypes_chrl1l_YRI_r27_nr.b36_fwd.txt
T11R0615F78D 4319 | M00005 102102925 chril 102103409 102103392 | rs12278632 | G/T 102103399 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO3R039429AA 2272 | M00446 60041642 chr3 60042043 60042029 | rs2736780 C/T 60042031 | ../snp/forward/non-redundant/genotypes_chr3_JPT_r27_nr.b36_fwd.txt
T11R01ED6902 7490 | M00221 32336130 chril 32336809 32336799 | rs6484572 A/G 32336799 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T17R02AC5068 5245 | M00737 44847208 chrl7 44847180 44847173 | rs2277636 A/G 44847176 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
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T15F05C8D01D

3480 | M00143 97046557 chrl5 97045825 97045852 | rs1317460 G/T 97045839 | ../snp/forward/non-redundant/genotypes_chr15_YRI_r27_nr.b36_fwd.txt
TO6F01D86475 780 | M00444 30958709 chré 30958113 30958127 | rs1264328 A/G 30958121 | ../snp/forward/non-redundant/genotypes_chr6_YRI_r27_nr.b36_fwd.txt
T19R011B39AB 9244 | M00378 18561451 chr19 18561790 18561779 | rs2074176 c/T 18561788 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
T17F02173438 8557 | M00733 35075128 chrl?7 35074960 35074974 | rs931992 G/T 35074961 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
T20R033E16A6 6790 | M00024 54400678 chr20 54401025 54401011 | rs2104015 A/G 54401019 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO9R02206E8B 7169 | M00237 35679883 chr9 35680320 35680302 | rs2756892 C/T 35680310 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T20R02284781 7052 | M00144 36194177 chr20 36194454 36194427 | rs2076386 A/G 36194428 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO2FODOD4708 58190 | M00327 218973960 chr2 218973629 218973649 | rs3795985 C/T 218973640 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO6F01D85D98 780 | M00004 30956952 chré 30957102 30957119 | rs885910 A/T 30957103 | ../snp/forward/non-redundant/genotypes_chr6_YRI_r27_nr.b36_fwd.txt
T19F0215F99A 898 | M00720 34994586 chr19 34993656 34993664 | rs7257330 A/G 34993663 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
T17R0390211C 5175 | M00947 59777308 chrl7 59778062 59778048 | rs8069746 A/G 59778061 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
TO3F00950821 4968 | M00449 9766945 chr3 9766950 9766958 | rs1801126 G/T 9766953 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO6RO1DFIF64 3106 | M00327 31432548 chré 31433051 31433031 | rs2596487 C/T 31433035 | ../snp/forward/non-redundant/genotypes_chré_YRI_r27_nr.b36_fwd.txt
TO8RO1A3FB63 1191 | M00378 27523939 chr8 27523874 27523863 | rs9331894 C/T 27523863 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T16R004A5922 5493 | M00144 4872482 chrl6 4872684 4872657 | rs1049223 A/G 4872660 | ../snp/forward/non-redundant/genotypes_chr16_YRI_r27_nr.b36_fwd.txt
T11R03E285CB 5970 | M00448 65177035 chril 65177341 65177333 | rs10896027 | C/G 65177336 | ../snp/forward/non-redundant/genotypes_chrl11_YRI_r27_nr.b36_fwd.txt
TO1ROD7ACD43 7483 | M00143 226151747 chrl 226152520 226152493 | rs10127974 | A/G 226152497 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T15F03A4BB08 7168 | M00056 61127432 chrl5 61127270 61127298 | rs4075583 A/G 61127280 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
T14F020EC352 6729 | M00025 34521938 chrid 34521882 34521895 | rs12890307 | A/G 34521883 | ../snp/forward/non-redundant/genotypes_chrl14_YRI_r27_nr.b36_fwd.txt
T18F003483C0 7050 | M00056 3441600 chrl8 3441759 3441787 | rs238533 C/T 3441762 | ../snp/forward/non-redundant/genotypes_chrl8_YRI_r27_nr.b36_fwd.txt
TO8R0162E0DB 4017 | M00539 23257307 chr8 23257268 23257249 | rs9785120 /T 23257258 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T15F03CFC853 8766 | M00143 63948883 chrl5 63948777 63948804 | rs12909265 | C/G 63948777 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
T16F0359B808 9289 | M01109 56211464 chrlé 56210824 56210838 | rs11862210 | A/G 56210838 | ../snp/forward/non-redundant/genotypes_chrl6_YRI_r27_nr.b36_fwd.txt
T14R02369EA1 3169 | M00649 37133985 chrid 37134496 37134489 | rs10400689 | G/T 37134489 | ../snp/forward/non-redundant/genotypes_chrl4_YRI_r27_nr.b36_fwd.txt
TOSROOA2115F 83595 | M00143 10621279 chr8 10621636 10621609 | rs10100209 | C/T 10621622 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T13F02D90090 5925 | M00032 47775888 chri3 47775700 47775709 | rs4151418 C/T 47775708 | ../snp/forward/non-redundant/genotypes_chrl3_TSI_r27_nr.b36_fwd.txt
T10F07D2423C 4255 | M00189 131220028 chr10 131219103 131219114 | rs7900620 G/T 131219110 | ../snp/forward/non-redundant/genotypes_chr10_JPT_r27_nr.b36_fwd.txt
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TO2FODF7A5D7

54575 | M00947 234333655 chr2 234332864 234332878 | rs9646717 A/G 234332877 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO2FODF7A5D7 54576 | M00947 234333655 chr2 234332864 234332878 | rs9646717 A/G 234332877 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
T22F0267A678 2547 | M00378 40347256 chr22 40346643 40346654 | rs2267437 C/G 40346645 | ../snp/forward/non-redundant/genotypes_chr22_YRI_r27_nr.b36_fwd.txt
TO2FODOD42A3 58190 | M00426 218972835 chr2 218972347 218972354 | rs2739049 A/G 218972351 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO3R03007B32 10641 | M00327 50363186 chr3 50363496 50363476 | rs2233475 A/G 50363491 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO8F02EC3869 4173 | M00378 49035369 chr8 49035049 49035060 | rs8178000 C/T 49035058 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T12F0323C141 3225 | M00008 52674881 chri2 52674394 52674403 | rs12314066 | A/G 52674397 | ../snp/forward/non-redundant/genotypes_chr12_YRI_r27_nr.b36_fwd.txt
T11F00106482 4583 | M00115 1074306 chrll 1073942 1073956 | rs11245935 | C/T 1073946 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T11RO0DAG6EE1 22800 | M01104 14315233 chril 14315855 14315849 | rs2349297 C/G 14315850 | ../snp/forward/non-redundant/genotypes_chrl1_YRI_r27_nr.b36_fwd.txt
TO7R019EF42B 3209 | M00695 27194411 chr7 27195054 27195048 | rs17501146 | C/T 27195049 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
TO2FODF64CA3 54575 | M00646 234245283 chr2 234245231 234245238 | rs17868322 | A/G 234245233 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO2FODF64CA3 54576 | M00646 234245283 chr2 234245231 234245238 | rs17868322 | A/G 234245233 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
T11F0011F6D7 4586 | M00378 1177303 chrll 1177325 1177336 | rs28514396 | C/T 1177336 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T17F021643B2 84152 | MO00539 35013554 chrl7 35013454 35013473 | rs9910883 C/T 35013460 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
T20F0038F8EC 994 | M00341 3733740 chr20 3733808 3733819 | rs11570020 | C/T 3733819 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T11R0615F78D 4319 | M01109 102102925 chril 102103819 102103805 | rs3758861 A/G 102103810 | ../snp/forward/non-redundant/genotypes_chrl1l_YRI_r27_nr.b36_fwd.txt
T18R006BB679 | 284217 | M00143 7059065 chrl8 7059373 7059346 | rs7238600 A/G 7059358 | ../snp/forward/non-redundant/genotypes_chrl8_YRI_r27_nr.b36_fwd.txt
T17F001D11FB 3090 | M00947 1905147 chrl7 1904634 1904648 | rs8065820 A/G 1904643 | ../snp/forward/non-redundant/genotypes_chrl7_TSI_r27_nr.b36_fwd.txt
T18FO009E316 7298 | M00243 647958 chrl8 648060 648071 | rs2853533 C/G 648064 | ../snp/forward/non-redundant/genotypes_chr18_YRI_r27_nr.b36_fwd.txt
T11R00203EC8 3481 | M00144 2113224 chrll 2113740 2113713 | rs3213219 C/T 2113726 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO8FO7ADSFF8 4609 | M00449 128819192 chr8 128818917 128818925 | rs4645954 A/G 128818920 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO1FOC914BD6 467 | M00327 210848726 chrl 210847807 210847827 | rs11571516 | G/T 210847808 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T22F0267A678 2547 | M00114 40347256 chr22 40347196 40347210 | rs132770 A/G 40347210 | ../snp/forward/non-redundant/genotypes_chr22_YRI_r27_nr.b36_fwd.txt
T13R01880EF5 6049 | M00695 25693941 chri3 25694410 25694404 | rs2277427 A/C 25694408 | ../snp/forward/non-redundant/genotypes_chr13_YRI_r27_nr.b36_fwd.txt
T12R074AE462 55206 | M00716 122348642 chr12 122348823 122348816 | rs12582153 | C/T 122348819 | ../snp/forward/non-redundant/genotypes_chr12_YRI_r27_nr.b36_fwd.txt
T17F02184FDB 2886 | M00716 35147739 chrl7 35147256 35147263 | rs4794818 C/G 35147259 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
T17F021632C7 84152 | MO00056 35009223 chrl7 35009235 35009263 | rs998480 A/T 35009251 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
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TO1F093DCE48

4914 | M00665 155045448 chrl 155044952 155044965 | rs6678281 A/G 155044963 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
TO1FO0C3403C0 9641 | M00539 204735424 chrl 204735079 204735098 | rs17025213 | C/T 204735080 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
TO6F01D86475 780 | M00378 30958709 chré 30957790 30957801 | rs9295930 A/G 30957801 | ../snp/forward/non-redundant/genotypes_chré_YRI_r27_nr.b36_fwd.txt
TO1FOC33A22A 9641 | M00056 204710442 chrl 204710155 204710183 | rs3813977 /T 204710157 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T11F041F6031 595 | M00143 69165105 chrll 69164266 69164293 | rs3212860 A/T 69164288 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T16F04E875E0 1012 | M00033 82343392 chrl6 82343051 82343064 | rs448802 C/G 82343055 | ../snp/forward/non-redundant/genotypes_chr16_YRI_r27_nr.b36_fwd.txt
T15F03A515A7 7168 | M00539 61150631 chrl5 61150071 61150090 | rs11632190 | A/C 61150076 | ../snp/forward/non-redundant/genotypes_chr15_YRI_r27_nr.b36_fwd.txt
T11R03E1F583 5970 | M00518 65140099 chrll 65141073 65141055 | rs1787031 G/T 65141068 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T19R03041DF2 2067 | M00280 50601458 chrl9 50601485 50601469 | rs34014819 | G/T 50601474 | ../snp/forward/non-redundant/genotypes_chr19_TSI_r27_nr.b36_fwd.txt
TO5F0714FD5B 3295 | M00075 118816091 chrs 118815408 118815417 | rs35695978 | A/G 118815408 | ../snp/forward/non-redundant/genotypes_chr5_TSI_r27_nr.b36_fwd.txt
TO5F009D37D1 22948 | M00803 10303441 chr5 10302790 10302795 | rs2548551 G/T 10302790 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO7R019EF42B 3209 | M00025 27194411 chr7 27194819 27194806 | rs17472294 | C/T 27194811 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
T20R01C5863F 598 | M00426 29722175 chr20 29722203 29722196 | rs10439607 | A/G 29722202 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO1RO8FA5E53 6281 | M00539 150232659 chrl 150233375 150233356 | rs1038745 G/T 150233369 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T19F029D82D2 81 | M00450 43877074 chr19 43876655 43876663 | rs7252630 G/T 43876662 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
TO5F0415352D 891 | M00644 68498733 chr5 68498504 68498510 | rs2069429 A/G 68498509 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO8R0162B82E 4017 | MO00025 23246894 chr8 23246886 23246873 | rs1010156 c/T 23246886 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO9F0552EDCB 1612 | M00221 89320907 chr9 89320713 89320723 | rs12348866 | A/G 89320720 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T19FOOF4EA98 7171 | M00446 16050840 chrl9 16050115 16050129 | rs10402928 | A/G 16050123 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
T13F01EA456B 23047 | M00426 32130411 chrl3 32130330 32130337 | rs7335546 A/G 32130334 | ../snp/forward/non-redundant/genotypes_chrl3_YRI_r27_nr.b36_fwd.txt
TO9F07D609ES 51450 | M00378 131467749 chr9 131467116 131467127 | rs28562184 | C/T 131467122 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T12F0324A56A 3221 | M00056 52733290 chr12 52733276 52733304 | rs2277372 G/T 52733280 | ../snp/forward/non-redundant/genotypes_chr12_JPT_r27_nr.b36_fwd.txt
T18RO06A80E4 | 284217 | M01113 6979812 chrl8 6979814 6979807 | rs492449 A/G 6979809 | ../snp/forward/non-redundant/genotypes_chr18_YRI_r27_nr.b36_fwd.txt
TO6F01D86475 780 | M00444 30958709 chré 30958102 30958116 | rs13197561 | G/T 30958111 | ../snp/forward/non-redundant/genotypes_chr6_YRI_r27_nr.b36_fwd.txt
T17R023FE9A7 6774 | M00733 37743015 chrl7 37743277 37743263 | rs12721576 | C/G 37743267 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
T20R033E16A6 6790 | M00448 54400678 chr20 54401572 54401564 | rs6064387 A/G 54401566 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO3F0184FD6D 5915 | M00749 25492845 chr3 25493034 25493040 | rs17016482 | C/G 25493037 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
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TOXR0924A9F6

2539 | M00800 153397750 chrX 153398734 153398719 | rs5986989 A/G 153398725 | ../snp/forward/non-redundant/genotypes_chrX_YRI_r27_nr.b36_fwd.txt
TO8F08915B2E 8000 | M00144 143743790 chr8 143743417 143743444 | rs754957 A/G 143743418 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO1R0384964B 3725 | M01079 59020875 chrl 59021634 59021619 | rs2811894 G/T 59021619 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
T11R06D3F6E4 23705 | M00446 114554596 chril 114554937 114554923 | rs17118046 | A/G 114554937 | ../snp/forward/non-redundant/genotypes_chrl1l_YRI_r27_nr.b36_fwd.txt
T11F001252E8 727897 | M00378 1200872 chrll 1199956 1199967 | rs885454 A/G 1199967 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T14F04759734 2353 | M00144 74815284 chrl4 74815184 74815211 | rs4645852 A/C 74815200 | ../snp/forward/non-redundant/genotypes_chrl4_YRI_r27_nr.b36_fwd.txt
T12F0323C141 3225 | M00024 52674881 chri2 52674735 52674749 | rs4759316 A/G 52674740 | ../snp/forward/non-redundant/genotypes_chr12_YRI_r27_nr.b36_fwd.txt
TO2FODE28F99 250 | M00056 232951705 chr2 232951806 232951834 | rs1130335 C/T 232951830 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
T20F02A086C9 4318 | M00378 44074697 chr20 44073795 44073806 | rs3918254 /T 44073798 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TOSROOC94BFB 10395 | M00024 13192187 chr8 13192559 13192545 | rs7013667 A/G 13192552 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO9F0766CBF3 5742 | M00243 124177395 chr9 124177098 124177109 | rs10306128 | A/G 124177102 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T16F0168128F 5347 | M00539 23597711 chrl6 23597506 23597525 | rs16972787 | A/G 23597522 | ../snp/forward/non-redundant/genotypes_chr16_YRI_r27_nr.b36_fwd.txt
T20F0038D69D 994 | M00947 3724957 chr20 3724966 3724980 | rs6116042 A/T 3724968 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO3R0O8F3C046 6596 | M00531 150192198 chr3 150192555 150192538 | rs13100699 | A/G 150192544 | ../snp/forward/non-redundant/genotypes_chr3_LWK_r27_nr.b36_fwd.txt
T16F035A03F9 9289 | M00449 56230905 chrl6 56230961 56230969 | rs3760061 A/G 56230961 | ../snp/forward/non-redundant/genotypes_chrl6_YRI_r27_nr.b36_fwd.txt
T11R00203166 3481 | M00800 2109798 chril 2110776 2110761 | rs3741214 A/G 2110767 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO7F0348F5A8 1956 | M00143 55113128 chr7 55112813 55112840 | rs9642564 A/G 55112828 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
TO3R039429AA 2272 | M01079 60041642 chr3 60042447 60042432 | rs17062113 | A/C 60042436 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO7R019E6266 3204 | M00531 27157094 chr7 27157195 27157178 | rs886339 A/C 27157195 | ../snp/forward/non-redundant/genotypes_chr7_YRI_r27_nr.b36_fwd.txt
TOXR09252298 2539 | M00144 153428632 chrX 153429307 153429280 | rs5986992 A/C 153429301 | ../snp/forward/non-redundant/genotypes_chrX_YRI_r27_nr.b36_fwd.txt
T16R0412730C 1728 | M00378 68317964 chrl6 68318564 68318553 | rs689458 C/G 68318561 | ../snp/forward/non-redundant/genotypes_chrl16_YRI_r27_nr.b36_fwd.txt
TO8FOOB27E19 2222 | M00378 11697689 chr8 11697769 11697780 | rs1047643 c/T 11697771 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO3F00952607 4968 | M00929 9774599 chr3 9774109 9774126 | rs293795 A/G 9774113 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO5FO8F6BD67 2878 | M00056 150388071 chr5 150388106 150388134 | rs2070593 A/G 150388133 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
T19F039C8438 6158 | M00665 60589112 chr19 60588518 60588531 | rs3810168 C/T 60588521 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
T19R011AE29B 9244 | M00033 18539163 chrl9 18539194 18539181 | rs2286328 C/T 18539183 | ../snp/forward/non-redundant/genotypes_chr19_MEX_r27_nr.b36_fwd.txt
TO5FO8F6BD67 2878 | M00056 150388071 chrs 150388106 150388134 | rs8177448 A/G 150388128 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
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T19F039C8438

6158 | M00147 60589112 chr19 60588976 60588985 | rs4806668 G/T 60588982 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
TO8F0285ADA4 5423 | M00916 42315172 chr8 42315119 42315132 | rs2307155 A/C 42315132 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T15F05024278 11214 | M00033 84034168 chrl5 84034012 84034025 | rs7181796 C/G 84034013 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
T19F029D82D2 81 | M00426 43877074 chrl9 43876645 43876652 | rs7251903 A/G 43876651 | ../snp/forward/non-redundant/genotypes_chrl9_YRI_r27_nr.b36_fwd.txt
T11RO00F6A1D 4588 | MO00378 1010205 chrll 1010785 1010774 | rs11602663 | C/T 1010778 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
TO2RO09FAB95 4953 | M00113 10464149 chr2 10464612 10464601 | rs3771134 C/T 10464611 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO1FOC916AE7 467 | M00539 210856679 chrl 210856017 210856036 | rs9429888 A/G 210856022 | ../snp/forward/non-redundant/genotypes_chrl_YRI_r27_nr.b36_fwd.txt
TO2ROCE00838 2335 | M00800 216008760 chr2 216008730 216008715 | rs1250259 A/T 216008727 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
T20R01C6508C 598 | M01045 29773964 chr20 29774103 29774089 | rs6087772 /T 29774094 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T17R02AC5068 5245 | M00084 44847208 chrl7 44847597 44847585 | rs2233659 G/T 44847586 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
TO6FO01E390EE 199 | M00446 31690990 chré 31690000 31690014 | rs3132451 C/G 31690004 | ../snp/forward/non-redundant/genotypes_chr6_YRI_r27_nr.b36_fwd.txt
T11F00108CAD 4583 | M00237 1084589 chril 1084348 1084366 | rs10902089 | A/G 1084357 | ../snp/forward/non-redundant/genotypes_chrl11l_YRI_r27_nr.b36_fwd.txt
TO6R097C10CE 7430 | M00716 159125710 chré 159125626 159125619 | rs9364995 C/T 159125620 | ../snp/forward/non-redundant/genotypes_chré_YRI_r27_nr.b36_fwd.txt
T10R0059DB7C 2665 | M01034 5888892 chr10 5889593 5889584 | rs12264073 | C/T 5889588 | ../snp/forward/non-redundant/genotypes_chr10_YRI_r27_nr.b36_fwd.txt
TO4F047F457E 2069 | M00143 75449726 chra 75449794 75449821 | rs6836436 G/T 75449794 | ../snp/forward/non-redundant/genotypes_chr4_YRI_r27_nr.b36_fwd.txt
TO3F01844198 5915 | M00017 25444760 chr3 25443839 25443852 | rs9827454 A/G 25443850 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T20F01D672D4 1789 | M00143 30831316 chr20 30830622 30830649 | rs6058884 A/G 30830632 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO5F06B0193F 324 | M00084 112204095 chrs 112204216 112204228 | rs42427 A/G 112204224 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
TO8R08018A7D 10397 | M00378 134318717 chr8 134319357 134319346 | rs1049697 A/G 134319347 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T17F0464E849 332 | M00947 73721929 chrl7 73721788 73721802 | rs17885280 | A/G 73721802 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
T14R05401820 11099 | M00947 88086560 chrid 88086770 88086756 | rs891751 A/G 88086770 | ../snp/forward/non-redundant/genotypes_chrl4_YRI_r27_nr.b36_fwd.txt
TO2R087FFAD1 53353 | M00072 142605009 chr2 142605332 142605322 | rs13430169 | C/G 142605323 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO5FO8E8D7A0 1044 | M00449 149477280 chr5 149477363 149477371 | rs246391 /T 149477370 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
T11F021472FC 8050 | M00716 34894588 chrll 34893986 34893993 | rs3763931 A/G 34893992 | ../snp/forward/non-redundant/genotypes_chrll_YRI_r27_nr.b36_fwd.txt
T16F033936C4 4313 | M00115 54081220 chrl6 54081039 54081053 | rs17242473 | A/G 54081046 | ../snp/forward/non-redundant/genotypes_chrl6_YRI_r27_nr.b36_fwd.txt
T19F033A4354 581 | M00004 54149972 chrl9 54149746 54149763 | rs4645878 A/G 54149750 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
TO8R01632081 4017 | M00733 23273601 chr8 23274052 23274038 | rs7010362 A/G 23274046 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
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T16FO3DF2E28

1003 | M00448 64957992 chrl6 64957650 64957658 | rs11859765 | G/T 64957656 | ../snp/forward/non-redundant/genotypes_chrl6_YRI_r27_nr.b36_fwd.txt
TO9R0O51CF6BF 3190 | M00378 85784255 chr9 85784169 85784158 | rs12002509 | C/T 85784166 | ../snp/forward/non-redundant/genotypes_chr9 _JPT_r27_nr.b36_fwd.txt
TO6FO1E390EE 199 | MO00539 31690990 chré 31690255 31690274 | rs2857600 c/T 31690266 | ../snp/forward/non-redundant/genotypes_chré_TSI_r27_nr.b36_fwd.txt
T20F01C486B1 3397 | M00378 29656753 chr20 29656558 29656569 | rs6060260 /T 29656568 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
T15F03A4E791 7168 | M00017 61138833 chrl5 61138534 61138547 | rs4238372 A/G 61138541 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
TO4F0475BDBE 3576 | M00025 74825150 chra 74825206 74825219 | rs2227537 A/G 74825212 | ../snp/forward/non-redundant/genotypes_chr4_YRI_r27_nr.b36_fwd.txt
TO2ROCDFD2D4 2335 | M00144 215995092 chr2 215995746 215995719 | rs16854041 | A/G 215995742 | ../snp/forward/non-redundant/genotypes_chr2_YRI_r27_nr.b36_fwd.txt
TO9F0766CBF3 5742 | M00004 124177395 chr9 124177490 124177507 | rs10306134 | A/G 124177493 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
TO8F08919643 8000 | M00947 143758915 chr8 143758134 143758148 | rs2920280 C/G 143758146 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
TO9RO51CF6BF 3190 | M00938 85784255 chr9 85784901 85784886 | rs296887 c/T 85784890 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
TO5R07DB6C78 3659 | M00221 131820664 chr5 131821195 131821185 | rs4705950 /T 131821185 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
T12F06215EA2 7184 | M00327 102850210 chri2 102849577 102849597 | rs17034931 | C/G 102849589 | ../snp/forward/non-redundant/genotypes_chr12_YRI_r27_nr.b36_fwd.txt
TOSROABAO43F 2324 | M00144 179962943 chr5 179963756 179963729 | rs11739750 | C/T 179963737 | ../snp/forward/non-redundant/genotypes_chr5_YRI_r27_nr.b36_fwd.txt
T10R003A27CE 1316 | M00143 3811278 chr10 3811565 3811538 | rs17731 A/G 3811561 | ../snp/forward/non-redundant/genotypes_chr10_YRI_r27_nr.b36_fwd.txt
TO9F055621E6 1514 | M00143 89530854 chr9 89530659 89530686 | rs3118869 A/C 89530683 | ../snp/forward/non-redundant/genotypes_chr9_YRI_r27_nr.b36_fwd.txt
T22R013994D3 5594 | M01113 20550867 chr22 20551388 20551381 | rs5999869 A/C 20551383 | ../snp/forward/non-redundant/genotypes_chr22_YRI_r27_nr.b36_fwd.txt
TOSR08018A7D 10397 | M00518 134318717 chr8 134319185 134319167 | rs10675 c/T 134319168 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T18R0069967C | 284217 | M00378 6919804 chrl8 6920064 6920053 | rs9960153 A/G 6920055 | ../snp/forward/non-redundant/genotypes_chrl8_JPT_r27_nr.b36_fwd.txt
TO3R00C0O90CD 5894 | M01113 12619981 chr3 12620011 12620004 | rs2596828 C/T 12620007 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T19F029D1069 81 | M00143 43847785 chr1l9 43847698 43847725 | rs3786835 A/G 43847720 | ../snp/forward/non-redundant/genotypes_chr19_YRI_r27_nr.b36_fwd.txt
TO2FOD1CCD2F 1674 | M00196 219991343 chr2 219990558 219990570 | rs1039896 A/G 219990565 | ../snp/forward/non-redundant/genotypes_chr2_TSI_r27_nr.b36_fwd.txt
TO8R0162B82E 4017 | MO00450 23246894 chr8 23246787 23246779 | rs2294129 A/C 23246787 | ../snp/forward/non-redundant/genotypes_chr8_YRI_r27_nr.b36_fwd.txt
T13F02D99872 5925 | M00810 47814770 chri3 47814882 47814899 | rs520342 /T 47814896 | ../snp/forward/non-redundant/genotypes_chrl3_YRI_r27_nr.b36_fwd.txt
TO6R0989C054 6648 | M00378 160022612 chré 160022705 160022694 | rs5746141 C/T 160022700 | ../snp/forward/non-redundant/genotypes_chr6_YRI_r27_nr.b36_fwd.txt
TO3ROBBDB347 4585 | M00139 196981575 chr3 196982338 196982321 | rs2641781 C/T 196982329 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T17F02169DFE 84152 | MO00539 35036670 chrl7 35035919 35035938 | rs10852934 | C/T 35035936 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
T17F02BE3EFO0 8913 | M00665 46022384 chrl7 46022017 46022030 | rs2240222 C/G 46022030 | ../snp/forward/non-redundant/genotypes_chrl7_YRI_r27_nr.b36_fwd.txt
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T20F003867FE

994 | M00143 3696638 chr20 3695978 3696005 | rs2295346 A/C 3695992 | ../snp/forward/non-redundant/genotypes_chr20_YRI_r27_nr.b36_fwd.txt
TO3R00C090CD 5894 | M00280 12619981 chr3 12619892 12619876 | rs5746212 A/T 12619881 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
T11F041F6031 595 | MO00056 69165105 chrll 69164617 69164645 | rs3212861 A/G 69164632 | ../snp/forward/non-redundant/genotypes_chrll_TSI_r27_nr.b36_fwd.txt
T15F05C9DCAE 3480 | M00056 97115214 chrl5 97115023 97115051 | rs8027767 A/C 97115026 | ../snp/forward/non-redundant/genotypes_chrl5_YRI_r27_nr.b36_fwd.txt
TO3R03DA74A0 56999 | M00144 64648352 chr3 64648857 64648830 | rs6789298 c/T 64648855 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO3R09880DD8 5918 | M00448 159911384 chr3 159911343 159911335 | rs2307064 A/G 159911336 | ../snp/forward/non-redundant/genotypes_chr3_YRI_r27_nr.b36_fwd.txt
TO6F01D86475 780 | M00801 30958709 chré 30958556 30958561 | rs1264327 C/T 30958561 | ../snp/reverse/non-redundant/genotypes_chr6_YRI_r24_nr.b36.txt
TO6R0989C054 6648 | M00449 160022612 chré 160022705 160022697 | rs5746141 A/G 160022700 | ../snp/reverse/non-redundant/genotypes_chr6_YRI_r24_nr.b36.txt
T11R00203254 3481 | M00378 2110036 chril 2110976 2110965 | rs14367 G/T 2110976 | ../snp/reverse/non-redundant/genotypes_chrl1l_YRI_r24_nr.b36.txt
T18R03865B74 596 | M00982 59136884 chrl8 59136756 59136743 | rs1800477 A/G 59136753 | ../snp/reverse/non-redundant/genotypes_chrl8_YRI_r24_nr.b36.txt
T11FO6F2DF86 6876 | M00378 116580230 chrll 116579499 116579510 | rs2269397 A/G 116579509 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
TO8FO07AD9959 4609 | M00333 128817497 chr8 128817123 128817135 | rs3824120 A/C 128817135 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
TO1R08ADD126 51205 | M00800 145608998 chrl 145609327 145609312 | rs2353522 A/G 145609315 | ../snp/reverse/non-redundant/genotypes_chrl_YRI_r24_nr.b36.txt
TO3R0OBBDB347 4585 | M00327 196981575 chr3 196982344 196982324 | rs2641781 A/G 196982329 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
TO8R0162B82E 4017 | MO00025 23246894 chr8 23246884 23246871 | rs2294128 A/G 23246871 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
TO3ROA5AD10A 8743 | M00144 173723914 chr3 173724460 173724433 | rs3136586 A/G 173724453 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
TO1FOC3403C0 9641 | M00327 204735424 chrl 204735210 204735230 | rs944775 A/G 204735216 | ../snp/reverse/non-redundant/genotypes_chrl_YRI_r24_nr.b36.txt
TO3R0O0COB214 5894 | M00449 12628500 chr3 12628582 12628574 | rs3730268 C/T 12628578 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
TO8R0O0B2D17C 1508 | M00327 11719036 chr8 11719987 11719967 | rs2645427 G/T 11719975 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
T11F0217D992 960 | M00050 35117458 chrll 35117648 35117655 | rs3751031 A/G 35117652 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
T11R002029A6 3481 | M00143 2107814 chril 2108644 2108617 | rs3802971 c/T 2108628 | ../snp/reverse/non-redundant/genotypes_chrl1l_YRI_r24_nr.b36.txt
TO9R051CFI6F 3190 | M00803 85784943 chr9 85785554 85785549 | rs296890 G/T 85785551 | ../snp/reverse/non-redundant/genotypes_chr9_YRI_r24_nr.b36.txt
T11R00203EC8 3481 | M00327 2113224 chril 2113741 2113721 | rs3213219 A/G 2113726 | ../snp/reverse/non-redundant/genotypes_chrll_JPT_r24_nr.b36.txt
T11R00203EC8 3481 | M00115 2113224 chril 2113116 2113102 | rs3213225 C/T 2113112 | ../snp/reverse/non-redundant/genotypes_chrll_JPT_r24_nr.b36.txt
TO5R0259A878B 1601 | M00056 39430267 chrs 39431164 39431136 | rs2855510 C/T 39431154 | ../snp/reverse/non-redundant/genotypes_chr5_YRI_r24_nr.b36.txt
TO8F02EC3869 4173 | M00446 49035369 chr8 49035047 49035061 | rs8178000 A/G 49035058 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
TO1RO8FA5E53 6281 | M00539 150232659 chrl 150233375 150233356 | rs1038745 A/C 150233369 | ../snp/reverse/non-redundant/genotypes_chrl_YRI_r24_nr.b36.txt
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T12R00D160BC

2904 | M00327 13721788 chri2 13722618 13722598 | rs2193150 G/T 13722606 | ../snp/reverse/non-redundant/genotypes_chr12_YRI_r24_nr.b36.txt
T11F0669D4A8 472 | M00446 107599016 chril 107598406 107598420 | rs228589 A/T 107598418 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
T11F001252E8 727897 | M00450 1200872 chrll 1199959 1199967 | rs885454 c/T 1199967 | ../snp/reverse/non-redundant/genotypes_chrl1l_YRI_r24_nr.b36.txt
T20R039A3B3B | 140628 | M01079 60439355 chr20 60439807 60439792 | rs1109400 /T 60439800 | ../snp/reverse/non-redundant/genotypes_chr20_YRI_r24_nr.b36.txt
T11R03E29DFF 5970 | M01113 65183231 chrll 65184151 65184144 | rs732072 c/T 65184144 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
TOSR08018A7D 10397 | M00327 134318717 chr8 134319174 134319154 | rs10675 A/G 134319168 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
T10R07BC8C6D 4288 | M00221 129797229 chr10 129797883 129797873 | rs2857027 A/G 129797874 | ../snp/reverse/non-redundant/genotypes_chr10_YRI_r24_nr.b36.txt
TO3ROBBDB347 4585 | M00929 196981575 chr3 196981772 196981755 | rs2688492 A/G 196981763 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
T12R07DCDFO1 55743 | M00025 131915521 chrl2 131915600 131915587 | rs3825109 /T 131915595 | ../snp/reverse/non-redundant/genotypes_chr12_JPT_r24_nr.b36.txt
T19R0303913C 2068 | M00448 50565436 chr19 50565595 50565587 | rs3826908 A/G 50565589 | ../snp/reverse/non-redundant/genotypes_chrl9_YRI_r24_nr.b36.txt
T11R00203190 3481 | M00025 2109840 chril 2110806 2110793 | rs12993 G/T 2110796 | ../snp/reverse/non-redundant/genotypes_chrl1l_YRI_r24_nr.b36.txt
T17F02173438 8557 | M01073 35075128 chrl?7 35074956 35074973 | rs931992 A/C 35074961 | ../snp/reverse/non-redundant/genotypes_chrl7_YRI_r24_nr.b36.txt
TO3R02F15DF3 387 | M00143 49372659 chr3 49372747 49372720 | rs11552757 | C/T 49372746 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
TO5F09F51304 57451 | M00425 167056132 chr5 167056301 167056308 | rs898172 c/T 167056303 | ../snp/reverse/non-redundant/genotypes_chr5_YRI_r24_nr.b36.txt
TO5F009D37D1 22948 | MO00025 10303441 chrs 10303433 10303446 | rs2578618 A/G 10303443 | ../snp/reverse/non-redundant/genotypes_chr5_YRI_r24_nr.b36.txt
TO6FO7F87ESE 2070 | M00444 133725790 chré 133725653 133725667 | rs212831 A/G 133725656 | ../snp/reverse/non-redundant/genotypes_chr6_YRI_r24_nr.b36.txt
TO2R0900C475 390 | M00177 151045237 chr2 151045093 151045082 | rs1528429 c/T 151045088 | ../snp/reverse/non-redundant/genotypes_chr2_YRI_r24_nr.b36.txt
TO8R0162B82E 4017 | M00056 23246894 chr8 23246958 23246930 | rs2294127 A/G 23246940 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
TO9F0766D679 5742 | M00025 124180089 chr9 124180139 124180152 | rs876567 C/T 124180147 | ../snp/reverse/non-redundant/genotypes_chr9_YRI_r24_nr.b36.txt
TOSFO46AFF69 7013 | M00360 74121065 chr8 74120577 74120589 | rs3863242 A/G 74120587 | ../snp/reverse/non-redundant/genotypes_chr8_YRI_r24_nr.b36.txt
T20R02286A7B 7052 | M01109 36203131 chr20 36203906 36203892 | rs2229471 /T 36203897 | ../snp/reverse/non-redundant/genotypes_chr20_YRI_r24_nr.b36.txt
T14R05401820 11099 | M00144 88086560 chrl4 88086772 88086745 | rs891751 c/T 88086770 | ../snp/reverse/non-redundant/genotypes_chrl4_YRI_r24_nr.b36.txt
TO2ROCDF273B 2335 | M00004 215951163 chr2 215952094 215952077 | rs1250204 A/G 215952077 | ../snp/reverse/non-redundant/genotypes_chr2_YRI_r24_nr.b36.txt
TO3R00C08240 5894 | M00448 12616256 chr3 12616732 12616724 | rs5746219 A/C 12616732 | ../snp/reverse/non-redundant/genotypes_chr3_YRI_r24_nr.b36.txt
T11F02180E2A 960 | M00539 35130922 chrll 35130706 35130725 | rs353620 C/T 35130712 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
T11F02189F5F 960 | M00280 35168095 chrll 35167372 35167388 | rs996076 /T 35167374 | ../snp/reverse/non-redundant/genotypes_chrll_YRI_r24_nr.b36.txt
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