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Abstract

SNPs located in non-coding regions of the human genome that have been found to be significantly associated with disease or sickness may affect gene regulation by
altering binding sites for Transcription Factors (TF). There have been several SNP studies conducted to identify punitive changes in Transcriptional Factor Binding
Sites (TFBS) that may affect gene regulation but conformation of these changes has been lacking. In conjunction with these previous SNP studies, the HaploReg
and RegulomeDB databases were explored for conformational TF motif and protein binding changes that would affect gene expression. This investigation has led to
a conformation between some punitive TFBS changes from the previous studies and experimental evidence found in these databases verifying changes. These changes

are discussed with relation to alterations in gene expression that may result in disease and sickness.

Introduction

Non-coding DNA comprises 98% of the human genome[1].
Genome-Wide Association Studies (GWAS) indicate that
approximately 93% of the disease or trait-predisposing Single
Nucleotide Polymorphisms (SNPs) believed to be associated with
gene regulation fall in these non-coding regions [2-4]. SNPs that
have been found to be statistically significant for a disease or sickness
in a population are considered to be risk-associated SNPs that cause
changes in gene expression levels [4]. A single nucleotide change in
a transcriptional factor motif sequence or a Transcriptional Factor
Binding Site (TFBS) may affect the process of gene regulation [5-7]. A
SNP occurring in a motif may increase or decrease the corresponding
Transcription Factor’s (TF) ability to bind DNA resulting in allele-
specific gene expression [8]. Several studies have been made to identify
changes in punitive TFBS created by regulatory (r) SNPs significantly
associated with human disease or sickness [9-20]. However, among
these studies to date, there hasn’t been any conclusive evidence as
to which TF alteration might be responsible for a given disease or
sickness. In an effort to resolve this issue in the previous studies, the
HaploReg [21] and RegulomeDB [22] databases were screened for the
TFBS created by a causative allele substitution that could alter gene
regulation resulting in disease or sickness.

The HaploReg database is a tool for examining annotations of
the non-coding genome among published GWAS studies while the
RegulomeDB guides interpretation of regulatory variants in the
human genome using experimental data sets from the ENCODE
project. RegulomeDB also makes computational predictions to identify
putative regulatory potential and functional variants. In present report,
these analyses were conducted on nine previously studied genes whose
rSNPs have significantly associated with disease or sickness [9-20].

Materials and methods

Genes and rSNPs

Nine genes (see Results) whose rSNPs have been shown to be
significantly associated with disease or sickness [9-20] are listed in
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the Table as well as the rSNP alleles and frequencies. The number of
conserved TFBS between the two SNP alleles and unique TFBS per
allele which have been previously determined [9-20] are included in the
Table. The names of conserved and unique TFBS can be found in the
previous studies [9-20] as referenced below the gene symbol in the Table.

Identifying TFBS

The JASPAR CORE database [23, 24] and ConSite[25] were used
to identify the TFBS in previous studies [9-20]. JASPAR is a collection
of transcription factor DNA-binding preferences used for scanning
genomic sequences where ConSite is a web-based tool for finding cis-
regulatory elements in genomic sequences. The Vector NTI Advance
11 computer program (Invitrogen, Life Technologies) was used to
locate SNPs andTFBS within all genes listed in the Table.

HaploReg and RegulomeDB

HaploReg in part is a resource for exploring regulatory motif
alterations within sets of genetically linked variants [21]. RegulomeDB
guides interpretation of regulatory variants in the human genome [22].
The two databases were used to examine the changes created by the
SNPs within the regulatory regions of the genes listed in the Table. A
conformation of the TFBS from the two databases with that generated from
the previous studies [9-20] are reported in the Table. See the Supplement
for transcription factor and/or protein descriptions or function.

Results

The adrenergic, beta, receptor kinase 1 (ADRBKI) gene an
important regulator of adrenergic signaling which plays a central role in
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Table: Nine genes whose rSNPs have previously been shown to be associated with disease or sickness. Listed are the SNP alleles, the number of conserved punitive TFBS for the alleles
and unique TFBS per each allele. See references for TFBS name, description and DNA sequence. Also listed are the TF motif changes and proteins bound that match the punitive TFBS
per SNP allele which were obtained from the HaploReg and RegulomeDB databases of experimental data. MAF is minor allele frequency. See supplement for protein/transcriptional factor
name and discription or function.

Gene rSNP Alleles Conserved Unique Motif Chang; Proteins bound
(Ref) (MAF) TFBS TFBS HaploReg RegulomeDB HaploReg & RegulomeDB
ADRBK1 rs948988 G 7 2
11 A(0.29) 10 NFE2
14370946 C 3 12 NFKBI1
T(0.2) 5
AKT3 154590656 C 2 2 Foxa
9 T(0.40) 4 Foxa
12031994 G 6 8 IRF, Sox
A(0.17) 8 IRF, Sox
rs10157763 C 4 5
T(0.4) 4 CTCF CTCF
rs2125230 G 2 4
A(0.28) 9 Foxa
ATF3 rs11119982 C 6 1
10 T(0.32) 5 NKX2
DIO2 rs12885300 C 4 0 PRDMI
12 T(0.23) 6 PRDM1
1s225010 C 5 6 Pax
T(0.42) 4 Pax
rs225011 C 8 2 RORal RORal
T(0.42) 3 RORal RORal
1225013 G 1 2
T(0.36) 9 HNF1, Pax
rs225014 T 4 5 RXRa CTCF,RAD21,SMC3,MAX,YY1,cMYC
C(0.42) 6 RXRa CTCF,RAD21,SMC3,MAX,YY1,cMYC
1s6574549 T 7 5 Arid3a,Nkx2,Nkx3 Nkx2,Nkx3
G(0.01) 4 Foxa,Nkx2,Nkx3, Pou2F2 Nkx2,Nkx3
EPASI 156756667 A 22 13 ATF4
13 G(0.31) 9 ATF4
157589621 G 27 10 Nkx2, Nkx3, Pou2f2 GMEB?2, Nkx2-3
A(0.25) 11 Nkx2, Nkx3, Pou2f2 GMEB?2, Nkx2-3
LIPA 152246833 C 5 3 ZNF143 ZNF143 CTCF
14 T(0.42) 1 CTCF
rs1412444 C 13 5 Etsl, FEV ELKI1,ELK4,Etsl, FEV,FLI1,GABPA
T(0.42) 12 FEV ELK1,ELK4,FEV,FLI1,GABPA
STAT4 rs11889341 C 7 3
15 T(0.34) 15 Foxol
rs8179673 T 8 9 Arid3a,Sox,TBP Fox, Sox, Tbp
C(0.26) 15 HNF1, HNF4, Sox, TBP Fox, Sox, Tbp
17572482 A 4 8 Pou5f1,Sox2 Pou5fl EBF1
G(0.47) 4
TBXA2R 1rs2238633 G 2 2 Klf4
26 T(0.22) 2 Kif4
152238634 G 1 0 ZFX
T(0.22) 5 HNF4, ZFX HNF4
rs4523 T 5 4 Etsl, GR
C(0.20) 5 Etsl
VEGFA 15699947 C 2 3 Tefep2ll
16,18-20 A(0.17) 1 Tefep2ll
1579469752 C 1 3 Pax5 Pax5
T(0.05) 6 Pax5 Pax5
1s13207351 G 1 1 Nrfl Nrfl
A(0.31) 2 Nrfl Pax5 Nrfl, Pax5
1528357093 A 1 2 Nrfl E2F6 E2F6
C(0.1) 2 Nrfl
rs1570360 G 5 3 EGRI, SP1
A(0.09) 6 SP1
152010963 C 1 3 IRF1
G(0.43) 1
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Supplement. Transcriptional factors (TF), protein name and their description or function.

TF Protein name

TF description/function

ARID3A AT rich interactive domain 3A (BRIGHT-like)

This gene encodes a member of the ARID (AT-rich interaction domain) family of DNA binding proteins.

ATF4 Activating Transcription Factor 4

Transcriptional activator. Binds the cAMP response element (CRE) (consensus: S-GTGACGT[AC][AG]-3),a sequence
present in many viral and cellular promoters.

CTCF CCCTC-Binding Factor

Chromatin binding factor that binds to DNA sequence specific sites. Involved in transcriptional regulation by binding to
chromatin insulators and preventing interaction between promoter and nearby enhancers and silencers.

The protein can bind a histone acetyltransferase (HAT)-containing complex and function as a transcriptional activator or
bind a histone deacetylase (HDAC)-containing complex and function as a transcriptional repressor.

E2F1-6 E2F transcription factors 1-6

The protein encoded by this gene is a member of the E2F family of transcription factors. The E2F family plays acrucial
role in the control of cell cycle and action of tumor suppressor proteins and is also a target of thetransforming proteins
of small DNA tumor viruses. TheE2F proteins contain several evolutionally conserveddomains found in most members
of the family. These domains include a DNA binding domain, a dimerization domainwhich determines interaction with
the differentiation regulated transcription factor proteins (DP), atransactivation domain enriched in acidic amino acids, and a
tumor suppressor protein association domain which isembedded within the transactivation domain.

EBF1 Transcription factor COEI

EBF1 has been shown to interact with ZNF423 and CREB binding proteins.

EGR1 Early growth response 1

The protein encoded by this gene belongs to the EGR family of C2H2-type zinc-finger proteins. It is a nuclearprotein
and functions as a transcriptional regulator. The products of target genes it activates are required fordifferentitation and
mitogenesis.

ELK 1, member of

ELKI ETS oncogene family

This gene is a member of the Ets family of transcription factors and of the ternary complex factor (TCF)subfamily. The
protein encoded by this gene is a nuclear target for the ras-raf-MAPK signaling cascade.

ELK4, ETS-domain protein

This gene is a member of the Ets family of transcription factors and of the ternary complex factor (TCF)subfamily.

Element Binding Protein 2

ELK4 . Proteins of the TCF subfamily form a ternary complex by binding to the the serum response factor andthe serum reponse
(SRF accessory protein 1) .
element in the promoter of the c-fos proto-oncogene.
ETSI Protein C-ets-1 The protein encoded b){ this gene‘belongs to the ETS family of transc'rlptlon fact'ors
and has been shown to interact with TTRAP, UBE2I and Death associated protein.
FEV ETS oncogene family It functions as a transcriptional repressor.
Fli-1 Proto-Oncogene, . . .. s .
FLI1 ETS Transcription Factor This gene encodes a transcription factor containing an ETS DNA-binding domain.
Transcription factor that is involved in embryonic development, establishment of tissue-specific geneexpression and
regulation of gene expression in differentiated tissues. Is thought to act as a 'pioneer' factoropening the compacted
FOXAI Forkhead box A1 chromatin for other proteins through interactions with nucleosomal core histones andthereby replacing linker histones
at target enhancer and/or promoter sites.
Involved in the development of multiple endoderm-derived organ systems such as liver, pancreas, lung and prostate.
Modulates the transcriptional activity of nuclear hormone receptors.
FOXCl1 Forkhead box C1 An important regulator of cell viability and resistance to oxidative stress in the eye.
FOXDI Forkhead box DI Trapscrlptlop factor requ{red for formation of posnmpal 1dent1ty in the developing retina,
regionalization of the optic chiasm and morphogenesis of the kidney.
FOXHI1 Forkhead box H1 Transcriptional activator
FOXI1 Forkhead box I1 Transcriptional activator required for the development of normal hearing, sense of balance and kidneyfunction.
FOXLI Forkhead box L1 Transcription factor yequl?ed for proper proliferation and differentiation in the gastrointestinalepithelium. Target gene of’
the hedgehog (Hh) signaling pathway.
FOXL2 Forkhead box 1.2 Transcriptional rcg}llator: Critical factf)r essential for ovary differentiation and maintenance, andrepression of the genetic
program for somatic testis determination.
FOXO1 Forkhead Box O1 Trgnsc{nptlon factor that is the main target of insulin signaling and regulates metabolic homeostasis in response to
oxidative stress.
This gene belongs to subfamily P of the forkhead box (FOX) transcription factor family. Forkhead box transcriptionfactors
FOXPI Forkhead box P1 play important roles in the regulation of tissue- and cell type-specific gene transcription during bothdevelopment and
adulthood. Transcriptional repressor. It plays an important role in thespecification and differentiation of lung epithelium.
s . . This gene encodes one of three GA-binding protein transcription factor subunits which functions as a DNA-binding subunit.
GA Binding Protein Transcription Factor . X . . . . . . . s . .
GABPA X Since this subunit shares identity with a subunit encoding the nuclear respiratory factor 2 gene, it is likely involved in
Alpha Subunit R . . . . .
activation of cytochrome oxidase expression and nuclear control of mitochondrial function.
GMEB2 Glucocorticoid Modulatory Modulation of transactivation by the glucocorticoid receptor bound to glucocorticoid response elements.

Glucocorticoid receptor
GR Nuclear Receptor Subfamily 3
Group C Member 1

This gene encodes glucocorticoid receptor, which can function both as a transcription factor that binds toglucocorticoid
response elements in the promoters of glucocorticoid responsive genes to activate their transcription, and as a regulator
of other transcription factors.

HNFIA Hepatocyte nuclear factor 1, alpha

Transcriptional activator that regulates the tissue specific expression of multiple genes, especially in
pancreatic islet cells and in liver.

HNF4A Hepatocyte nuclear factor 4, alpha

The protein encoded by this gene is a nuclear transcription factor which binds DNA as a homodimer. The encodedprotein
controls the expression of several genes, including hepatocyte nuclear factor 1 alpha, a transcriptionfactor which
regulates the expression of several hepatic genes. This gene may play a role in development of theliver, kidney, and
intestines

HNF4G Hepatocyte nuclear factor 4, gamma

Steroid hormone receptor activity and sequence-specific DNA binding transcription factor activity.
An important paralog of this gene is RXRA.

IRF1,2 Interferon regulatory factor

Members of the interferon regulatory transcription factor (IRF) family that contain a conserved N-terminal region of’
about 120 amino acids, which folds into a structure that binds specifically to the interferon consensus sequence (ICS).
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Transcription factor that can act both as activator and as repressor.

KLF4 Krueppel-like factor 4 Regulates the expression of key transcription factors during
embryonic development.
MAX MYC Associated Factor X Transcription regulator. Forms a sequence-specific DNA-binding protein complex with MY C or MAD which recognizes
the core sequence 5-CAC[GA]TG-3.
MYC V-Myc Avian Myelocytomatosis Viral The protein encoded by this gene is a multifunctional, nuclear phosphoprotein that plays a role in cell cycle progression,
Oncogene Homolog apoptosis and cellular transformation.
. L The protein encoded by this gene is a multifunctional, nuclear phosphoprotein that plays a role in cell cycleprogression,
. v-myc avian myelocytomatosis viral . . . e . .
MYC:MAX . apoptosis and cellular transformation. It functions as a transcription factor that regulatestranscription of specific target
MYC associated factor X . L .
genes. The MYC:MAX complex is a transcriptional activator.
NFE2 Nuclear Factor, Erythroid 2 Component of the NF-E2 complex essential for regulating erythroid and megakaryocytic maturation and differentiation.
Nuclear factor of kappa light polypeptide NF—kappg—B isa plelotroplg t{qnscrlptlon factor presen'g in allmost all cell type§ and'ls the endpoint ofa series of 51gnal
NFKB1 . transduction events that are initiated by a vast array of stimuli related to many biologicalprocesses such as inflammation,
oncogene homolog gene enhancer in B-cells 1 |. . . L X . R
immunity, differentiation, cell growth, tumorigenesis and apoptosis.
NKX2-1 NK2 Homeobox 1 Transcrlptl(‘)n factor that binds z}nd activates the promoter of thyroid specific genes such as thyroglobulin,
thyroperoxidase, and thyrotropin receptor.
NKX2-3 NK2 Homeobox 3 This gene encm'ies a home({domam—contammg transcription factor. The encoded protein is a member of the NKX family
of homeodomain transcription factors.
NKX3-2 Natural killer 3 homeobox 2 This gene 'encodes a member of the NK fam{ly of homeobox-containing protems..
Transcriptional repressor that acts as a negative regulator of chondrocyte maturation.
This gene encodes a protein that homodimerizes and functions as a transcription factor which activates theexpression of|
NRF1 Nuclear respiratory factor 1 some key metabolic genes regulating cellular growth and nuclear genes required for respiration,heme biosynthesis, and
mitochondrial DNA transcription and replication.
PAX1 Paired box gene 1 This protein is a transcriptional activator. It may play a role in the formation of segmented structures of the embryo.
PAXS Paired box 5 gene Th§ c'entral fgature of this tra'nscrlpt'lon factor gene farplly is the conserved DNA-binding paired box domain. Alternative
splicing of this gene results in multiple transcript variants.
The protein encoded by this gene is a homeobox-containing transcription factor of the POU domain family. Theencoded
POU2F2 POU class 2 homeobox 2 protein binds the octamer sequence 5'-ATTTGCAT-3', a common transcription factor binding site inimmunoglobulin
gene promoters.
Transcription factor that binds to the octamer motif (5-ATTTGCAT-3). Forms a trimeric complex with SOX2on DNA
POUSF1 POU Class 5 Homeobox 1 and controls the expression of a number of genes involved in embryonic development such as YES1, FGF4, UTF1 and
ZFP206.
PRDM1 PR domain containing 1, with ZNF domain | This gene encodes a protein that acts as a repressor of beta-interferon gene expression.
RAD21 RAD21 Cohesin Complex Component Cleayab]e component of the cohesin complex, involved in chromosome cohesion during cell cycle, in DNA repair,
and in apoptosis.
Orphan nuclear receptor. Binds DNA as a monomer to hormone response elements (HRE) containing a singlecore motif’
half-site preceded by a short A-T-rich sequence. It has been shown to aid in thetranscriptional regulation of some genes
RORA_1 &2 RAR-related orphan receptor A involved in circadian rhythm.
Regulates a number of genes involved in lipid metabolism, in cerebellum and photoreceptor development and skeletal
muscle development.
RXRa Retinoid X Receptor Alpha Ret':ep'tor for retinoic acid. R;tm({lc a}md (eceptors bind as heterodlme(s to'thelr 'target response elements in response to
their ligands, all-trans or 9-cis retinoic acid, and regulate gene expression in various biological processes.
This gene belongs to the SMC3 subfamily of SMC proteins. The encoded protein occurs in certain cell types as either an
SMC3 Structural Maintenance of Chromosomes 3 |intracellular, nuclear protein or a secreted protein. Central component of cohesin, a complex requiredfor chromosome
cohesion during the cell cycle.
SOXI SRY (sex determining region Y)-box 1 This 1ntroqless gene enco@es a member of the ASRY—related HM_G—box (SOX) family of transcription factors involvedin
the regulation of embryonic development and in the determination of cell fate.
. . Transcription factor that forms a trimeric complex with OCT4 on DNA and controls the expression of a number of genes
SOX2 SRY (sex determining region Y)-box 2 involved in embryonic development such as YES1, FGF4, UTF1 and ZFP206 (By similarity).
Can activate or repress transcription in response to physiological and pathological stimuli. Regulates the expression of
SP1 Specificity Protein 1 a large number of genes involved in a variety of processes such as cell growth, apoptosis, differentiation and immune
responses.
General transcription factor that functions at the core of the DNA-binding multiprotein factor TFIID.
TBP TATA-Box Binding Protein Binding of TFIID to the TATA box is the initial transcriptional step of the pre-initiation complex (PIC),
playing a role in the activation of eukaryotic genes transcribed by RNA polymerase II.
TCFCP211 Transcription factor CP2-like 1 Transcriptional suppressor. May suppress UBP1-mediated transcriptional activation. Modulates the placental expression
of CYP11AL.
YY1 is a ubiquitously distributed transcription factor belonging to the GLI-Kruppel class of zinc finger proteins.
vyl YY1 transcription factor The pr'otem is involved in repressing and actlvat}ng adiverse nu'mber of promoters. YY1 may direct hlstopedéacet}/lases
and histone acetyltransferases to a promoter in order to activate or repress the promoter, thusimplicating histone
modification in the function of YY1.
ZFX Zinc finger X-chromosomal protein A member of the krueppel C2H2-type zinc-finger protein family and probable transcriptional activator.
Transcriptional activator. Activates the gene for selenocysteine tRNA (tRNAsec). interaction with CHDS.
ZNF143 Zinc finger protein 143 Binds to the SPH motif of small nuclear RNA (snRNA) gene promoters. Participates in efficient U6 RNA polymerase

III transcription via its interaction with CHDS.
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heart failure pathology, has two (rs948988 and rs4370947) rSNPs whose
punitive TFBS [11]were analyzed for binding site verification with the
HaploReg and RegulomeDB databases (Table). The two alleles (G/A) of
the rs948988 rSNP generates seven conserved punitive TFBS between
the two alleles while the common G allele generates an additional two
unique TFBS and the minor A allele generates an additional 10 unique
TFBS. Of the 10-punitive unique TFBS generated by the A allele, the
nuclear factor erythroid 2-related factor (NFE2) BS is also found in the
HaploReg database for this rSNP (Table). NFE2 coordinates the up-
regulation of cytoprotective genes via the antioxidant response element
(ARE). The two alleles (C/T) of the rs4370946 rSNP generates three
conserved punitive TFBS between the two alleles while the common
C allele generates an additional 12 unique TFBS and the minor T
allele generates an additional five unique TFBS. Of the 12-punitive
unique TFBS generated by the C allele, the nuclear factor of kappa light
polypeptide gene enhancer in B-cells 1 (NFKB1) BS is also found in
the HaploReg database for this rSNP (Table). NFKB1 is a pleiotropic
transcription factor present in almost all cell types and is the endpoint
of series of signal transduction events that are initiated by a vast array
of stimuli related to many biological processes such as inflammation,
immunity, differentiation, cell growth, tumorigenesis and apoptosis.

The v-akt murine thymoma viral oncogene homolog 3 (AKT3)
gene which is one of three isoforms of the AKTs which are major
downstream targets of growth factor receptor tyrosine kinases that
signal through PI3K, has four (rs4590656, rs12031994, rs10157763 and
rs2125230) rSNPs whose punitive TFBS [9] were analyzed for binding
site verification with the HaploReg and RegulomeDB databases
(Table). The rs4590656 and rs12031994 rSNPs generate two and six
conserved punitive TFBS, respectively (Table). The forkhead box A 1
& 2 genes were found to be conserved between both alleles (C/T) of
the rs4590656 rSNP and also found in the HaploReg database for this
rSNP (Table). The interferon regulatory factor 1 (IRF1) and the sex
determining region Y (Sox) were found to be conserved between both
alleles (G/A) of the rs12031994 rSNP and also found in the HaploReg
database for this rSNP (Table). The rs10157763 rSNP generates
four conserved punitive TFBS between the two (C/T) alleles and an
additional five unique punitive TFBS for the common C allele and
four unique TFBS for the minor T allele (Table). Of the four-unique
punitive TFBS generated by the minor T allele, the CCCTC-binding
factor (zinc finger protein) (CTCF) BS is also found in the HaploReg
and RegulomeDB databases for this rSNP (Table). The rs2125230 rSNP
generates two conserved punitive TFBS between the two (G/A) alleles
and an additional four unique punitive TFBS for the G allele and nine
additional unique punitive TEBS for the A allele (Table). Of the nine-
unique punitive TFBS generated by the minor A allele, the forkhead box
A1 (Foxa) BS is also found in the HaploReg database for this rSNP (Table).

The activating transcriptional factor 3 (ATF3) gene which is a
member of the activating transcription fact/cAMP responsive element
binding (CREB) protein family of transcription factors has one rSNP
(rs11119982) whose punitive TFBS [10] was analyzed for binding site
verification with the HaploReg and RegulomeDB databases (Table).
The rs11119982 rSNP generates six conserved punitive TFBS and one
additional unique TFBS for the common C allele and five additional
unique TFBS for the minor T allele (Table). Of the five-additional
unique punitive TFBS for the A allele, the natural killer 2 (NKX2) BS is
also found in the HaploReg database for this rSNP (Table). The NKX2
TF acts as a negative regulator of chondrocyte maturation.

The type 2 deiodinase (DIO2) gene encodes a deiodinase that coverts
that coverts the thyroid prohormone, thyroxine (T4) to the biologically
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active triiodothyronine (T3). T3 is involved in regulating energy
balance and glucose metabolism. Six rSNPs of the DIO2 gene whose
punitive TFBS [12] were analyzed for binding site verification with
the HaploReg and RegulomeDB databases (Table). The rs12885300,
rs225010 and rs225011 rSNPs were found to have the TFBS PRDMI,
Pax, RORal, respectively, that were found with both alleles of each
SNP. The rs225013 rSNP generates one conserved punitive TFBS and
two addition unique TFBS for the common G allele and nine additional
unique punitive TFBS for the minor T allele. Of the nine additional
unique TFBS for the T allele, the Hepatocyte Nuclear Factor 1-Alpha
(HNF1a) and Paired box gene 2 (Pax) were also found in the HaploReg
database for this rSNP (Table) where HNF1a is a TF that regulates the
expression of several hepatic genes and Pax is a TF that plays a role in
kidney cell differentiation. The rs225014 rSNP was found to have the
RXRa TFBS for both alleles. The HaploReg and RegulomeDB databases
indicate the CTCF, RAD21, SMC3, MAX, YY1 and cMYC TFs bind
the DNA at the location of this SNP (Table). The rs6574549 rSNP
was found to have seven conserved punitive TFBS and five additional
unique TFBS for the common T allele and four additional unique TFBS
for the minor G allele (Tablel). The NK2 Homeobox 1 (Nkx2) also
known as Thyroid Nuclear Factor 1 and NK3 Homeobox 1 (Nkx3) have
TEBS for both alleles of this SNP. Of the five-additional unique TFBS
for the common T allele of this SNP, the AT rich interactive domain 3A
(Arid3a) BS was found in the HaploReg and RegulomeDB databases
(Table). Of the four-additional unique TFBS for the minor G allele of
the SNP, the POU class 2 homeobox 2 (Pou2f2) BS the HaploReg and
RegulomeDB databases (Table).

The endothetal Per-Arnt-Sim (PAS) domain protein 1 (EPASI)
gene that encodes hypoxia-inducible-factor-2 alpha (HIFa) is a TF
involved in the response to hypoxia. Two EPASI rSNPs (rs6756667 and
rs7589621) whose punitive TFBS [13]were analyzed for binding site
verification with the HaploReg and RegulomeDB databases (Table).
The 156756667 rSNP (A/G) was found to have 22 conserved punitive
TFBS among both alleles where the Activating Transcription Factor 4
(ATF4) TFBS occurs with both alleles. The rs7589621 rSNP (G/A) was
found to have 27 conserved punitive TFBS among both alleles where
the Glucocorticoid modulatory element binding protein 2 (GMEB2),
NK2 Homeobox 1 (Nkx2) also known as Thyroid Nuclear Factor 1
and NK3 Homeobox 1 (Nkx3) and POU class 2 homeobox 2 (Pou2f2)
TFBS are found with both alleles of the SNP.

The lysosomal acid lipase A (LIPA) gene transcribes the lysosomal
acid lipase (LAL) which hydrolyzes cholesteryl esters and triglycerides
in the cell lysosome generating free cholesterol and fatty acids. Two
LIPArSNPs (rs2246833 and rs1412444) ) whose punitive TFBS [14]
were analyzed for binding site verification with the HaploReg and
RegulomeDB databases (Table). The rs2246833 rSNP (C/T) was found
to have five conserved punitive TFBS among the two alleles and three
additional unique TFBS with the common C allele and one additional
TFBS with the minor T allele (Table). Of the three-additional unique
TFBS occurring with the common C allele, the zinc finger protein 143
(ZNF143) TFBS was also found in the HaploReg and RegulomeDB
databases (Table). The CTCF TF has been found to bind this SNP
location in the HaploReg and RegulomeDB databases (Table). The
rs1412444 rSNP (C/T) was found to have 13 conserved punitive TFBS
among the two alleles and five additional unique TFBS occurring with
the common C allele and 12 additional unique TFBS occurring with
the minor T allele. The ELK1, ELK4, FEV, FLI1, GABPA TFBS are
found with both alleles while the protein C-ets-1 (Ets1) TFBS occurs
with only the major C allele.
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Signal transducer and activator of transcription 4 (STAT4) gene
is important for signaling by interleukins (IL-12 and IL-23) and
type 1 interferons. Three STAT4 rSNPs (rs11889341, rs8179673 and
rs7572482) whose punitive TFBS [15] were analyzed for binding site
verification with the HaploReg and RegulomeDB databases (Table).
Thers11889341 rSNP (C/T) was found to have seven conserved punitive
TFBS among the two alleles and three additional unique TFBS with the
common C allele and 15 unique TFBS with the minor T allele (Table).
Of the 15-additional unique TFBS occurring with the common T allele,
the Foxol TFBS was also found in the HaploReg and RegulomeDB
databases (Table). The Foxol TF is the main target of insulin signaling
and regulates metabolic homeostasis in response to oxidative stress.
The rs8179673 rSNP (T/C) was found to have eight conserved punitive
TFBS among the two alleles and nine additional unique TFBS with the
common T allele and 15 unique TFBS with the minor C allele (Table).
Among the conserved TFBS for both alleles, the Forkhead box (Fox),
SRY (sex determining region Y) (Sox) and TATA Box binding protein
(TBP) were also found in the HaploReg and RegulomeDB databases
(Table). Of the nine unique TFBS for the common T allele, the AT rich
interactive domain 3A (Arid3a) TFBS was also found in HaploReg and
RegulomeDB databases (Table). Of the 15 unique TFBS for the minor
C allele, the hepatocyte nuclear factors 1 & 4 (HNF1 & 4) were also
found in the HaploReg and RegulomeDB databases (Table). HNF1 & 4
regulates the tissue specific expression of multiple genes, especially in
pancreatic islet cells and liver. The rs7572482 rSNP (A/G) was found
to have four conserved punitive TFBS among the two alleles and eight
unique TFBS with the common A allele and four unique TFBS with
the minor G allele. Of the unique TFBS for the A allele, the POU Class
5 Homeobox 1 (POU5F1) and SRY (sex determining region Y) (Sox)
TFs form a trimeric complex on DNA and controls the expression
of a number genes involved in embryonic development. These TFBS
were also found in the HaploReg and RegulomeDB databases (Table).
Also among the unique TFBS for the A allele, the early B-cell factor 1
(EBF1) has a BS for the bound protein as reported in the HaploReg and
RegulomeDB databases (Table).

The thromboxane A2 receptor (TBXAZ2R) gene regulates different
downstream signaling cascades and induces many cellular responses
including the intracellular calcium influx, cell migration, proliferation
and apoptosis. Three TBXA2RrSNPs (rs2238633, rs2238634 and
rs4523) whose punitive TFBS[26]were analyzed for binding site
verification with the HaploReg and RegulomeDB databases (Table).
The rs2238633 rSNP (G/T) was found to have two conserved punitive
TFBS among the two alleles and two unique TFBS for the common
G allele and two unique TFBS with the minor T allele (Table). The
krueppel-like factor 4 (K1f4) TFBS was found to occur with both alleles.
The Klf4 TF regulates the expression of key TFs during embryonic
development. The rs2238634 rSNP (G/T) was found to have one
conserved punitive TFBS among the two alleles and five unique TFBS
with the minor T allele (Table). The zinc finger X-chromosomal
protein (ZFX) TFBS was found to occur with both alleles. The ZFX TF
is as member of krueppel C2H2-type zinc-finger protein family and
acts as a probable transcription activator. Of the five unique TFBS
found with the minor T allele, the hepatocyte nuclear factor 4 (HNF4)
BS was found in the HaploReg database (Table) as well as evidence for
the HNF4 bound protein to this rSNP site. HNF4 regulates the tissue
specific expression of several hepatic genes. The rs4523 rSNP (T/C)
was found to have five conserved punitive TFBS among the two alleles
and four unique TFBS for the common T allele and five unique TFBS
for the minor C allele. The protein C-ets-1 (Ets1) TFBS was found to
occur among both alleles. The Ets1 TF has been shown to interact with
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Tyrosyl-DNA Phosphodiesterase 2 (TTRAP), Ubiquitin Conjugating
Enzyme E2 I (UBE2I) and death associated proteins. Of the four unique
TFBS for the common T allele, the nuclear receptor subfamily 3 group
C member 1 (GR) TFBS was found in the HaploReg database (Table).
The protein acts as a regulator of other TFs and affects inflammatory
responses, cellular proliferation and differentiation in target tissues.

The vascular endothelial growth factor A (VEGFA) gene
transcribes a signaling protein involved in the regulation of
angiogenesis, vasculogenesis and endothelial cell growth. Six VEGFA
rSNPs (rs699947, rs79469752, rs13207351, rs28357093, rs1570360
and rs2010963) who’s punitive TFBS[18, 20, 27, 28] were analyzed
with the HaploReg and RegulomeDB databases (Table). The rs699947
rSNP (C/A) was found to create two conserved punitive TFBS for both
alleles and three unique TFBS with common C allele and one unique
TFBS with the minor A allele (Table). The transcription factor CP2-
like 1(Tcfcp2ll) BS occurs with both of the alleles (Table) and the TF
acts as a suppressor. The rs79469742 rSNP (C/T) was found to create
one conserved punitive TFBS for both alleles and three unique TFBS
with the common C allele and six unique TFBS with the minor T allele
(Table). The paired box 5 (Pax5) TFBS occurs with both of the alleles
(Table) and the TF is an important regulator in early development, and
alterations in the expression of the gene are thought to contribute to
neoplastic transformation. The TF is found to be bound at this rSNP
site as indicated in the HaploReg and RegulomeDB databases (Table).
The rs13207351 rSNP (G/A) was found to create one conserved
punitive TFBS for both alleles and one additional unique TFBS for
the common G allele and two additional unique TFBS for the minor
A allele (Table). The nuclear respiratory factor 1 (Nrfl) TFBS occurs
with both of the alleles (Table). The TF activates the expression of key
metabolic genes regulating cellular growth and nuclear genes required
for respiration, heme biosynthesis, mitochondrial DNA transcription
and replication. Of the two-unique punitive TFBS occurring with
the minor A allele, the paired box 5 (Pax5) TFBS was also found in
the HaploReg and RegulomeDB databases (Table). The rs283570360
rSNP (A/C) was found to create one conserved punitive TFBS for both
alleles and two additional unique TFBS for the common A allele and
two additional unique TFBS for the minor C allele (Table). The nuclear
respiratory factor 1 (Nrfl) TFBS was found to occur with both of the
alleles (Table).Of the two-additional unique TFBS occurring with the
common A allele, the E2F transcription factor 6 (E2F6) TFBS was
found in the HaploReg and RegulomeDB databases (Table). The E2F6
TF has been found bound to the DNA at this rSNP site as reported
in the HaploReg and RegulomeDB databases (Table). The TF plays a
role in the control of cell cycle and action of tumor suppressor proteins
and is also a target of the transforming proteins of small DNA tumor
viruses. The rs1570360 rSNP (G/A) was found to create five conserved
punitive TFBS for both alleles and three additional unique TFBS for
the common G allele and six additional unique TFBS for the minor A
allele (Table). The specificity protein 1 (SP1) TF has been reported to
be bound to its TFBS for both alleles at this rSNP site as reported in the
HaploReg and RegulomeDB databases (Table). The SP1 TF can activate
or repress transcription in response to physiological and pathological
stimuli. It regulates the expression of a large number of genes involved
in a variety of processes such cell growth, apoptosis, differentiation
and immune responses. Of the three-additional unique TFBS of
the common G allele, the early growth response 1 (EGR1) TF binds
the DNA at the G-allele rSNP site as reported in the HaploReg and
RegulomeDB databases (Table). The TF plays a role in differentiation
and mitogenesis. The rs2010963 rSNP (C/G) was found to create one
conserved punitive TFBS for both alleles and three additional unique
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TEBS for the common C allele and one additional unique TFBS for the
minor G allele (Table). Of the three-additional unique TFBS for the
common C allele, the interferon regulatory factor 1 (IRF1) TFBS was
also found in the HaploReg and RegulomeDB databases (Table). The
TF has been shown to play roles in regulating apoptosis and tumor-
suppression.

Discussion

Non-coding SNPs identified by GWAS that have shown to be been
significantly associated with human disease or sickness are considered
risk-associated SNPs[4]. Those near a gene causing changes in gene
expression levels are considered regulatory (r) SNPs [29]. Such
SNPs located in TFBS can alter the binding ability of the respective
TF. There have been many reports on the possible outcome of such
alterations by identifying punitive TFBS based on the two alleles of
the rSNP associated with a disease or sickness [9-20]. However, such
studies can only predict the possibilities of punitive TFBS associated
with the disease. The HaploReg[21]and RegulomeDB|[22]databases
were screened for supporting evidence of which TF motif (s) reported
in the previous studies that may be responsible for alteration in gene
expression. The results of this investigation are provided in the Table.

As an example, the ADRBKI gene which has been associated with
cardiovascular disease in the black population has a 3UTR rSNP
rs4370946 whose common C allele generates a NFKB1 (nuclear factor
of kappa light polypeptide gene enhancer in B-cells 1) TEBS but not
with the minor T allele [11]is also reported as having a motif change
in HaploReg(Table). The NFKBI is a pleiotropic transcription factor
present in almost all cell types and is the endpoint of a series of
signal transduction events that are initiated by a vast array of stimuli
related to many biological processes such as inflammation, immunity,
differentiation, cell growth, tumorigenesis and apoptosis. The
elimination of the NFKB1 binding site with the ADRBK1 rs4370946-T
allele could very well attribute to cardiovascular disease in the black
population.

Another example, is the AKT3 gene which has been associated with
aggressive prostate cancer has an intron one rSNP rs10157761 whose
minor T allele generates a CTCF (CCCTC-binding factor) TFBS but
does not occur with the common C allele [9] is also reported as having
a motif change in both the HaploReg and RegulomeDB databases
(Table). The CTCF is a transcriptional regulatory protein with 11
highly conserved zinc finger (ZF) domains that is able to use different
combinations of the ZF domains to bind DNA target sequences
and proteins. CTCF serves as an insulator that interferes with the
interaction between an enhancer and a promoter [30]. The elimination
of the CFCT binding site with the AKT3 rs10157761-C allele could be
associated with prostate cancer. Other examples can be obtained from
the Table.

In conclusion, the matching of experimental evidence from
previous research as found in the HaploReg and RegulomeDB databases
with computational studies that derive the names of TFBS created by
rSNP alleles [9-20] leads to the most likely TFBS and causative rSNP
allele responsible for disease or sickness. This process would narrow the
focus of research to a small number or a single TF responsible for gene
expression alternation leading to disease or sickness.
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