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Genetic and Bioinformatic Approaches To Identify Polymorphic Modulators of 

Transcription Factor Binding and Disease Phenotypes Including HIV-1 Viremia 

 

David Wayne Williamson 

 

Abstract 

(PROBLEM) The overall goal of this thesis is to identify polymorphic alleles that 

associate with elevated risk and disease progression. Two different approaches were 

used to achieve this goal. (METHODS AIM 1) A database resource called Delta-MATCH 

was created using a predictive computational approach. The aim of the Delta-MATCH 

program is to identify human polymorphic variants that may create allele-specific 

transcription factor binding sites. In this version (v 1.0) 4,547,844 high-value candidate 

polymorphisms have been scored and ranked by the Delta-MATCH algorithm. These 

polymorphisms were either positioned within a 10,000 base pair window of a refSeq 

gene, or located within a region of high conservation in the human genome. The major 

and minor alleles for each of these 4.5 million polymorphisms were independently 

evaluated by the MATCH algorithm against a library of 550 known transcription factor 

binding site motifs (BIOBASE TRANSFAC v10.2) to determine the “highest MATCH 

scores” for each allele and transcription factor pair. (CONCLUSIONS AIM 1) The ranked 

list of Delta-MATCH predictions for each transcription factor binding site (matrix name) 

can be queried online at http://deltamatch.org. Predictions have been ranked in 

descending order of importance by a statistic called the “Delta-MATCH potential score”, 

which reflects the potential of a polymorphism to create an allele-specific transcription 

factor binding site. (METHODS AIM 2) The common genotypes and haplotypes of four 

candidate genes (CCR5, TLR9, IRF5, APOE) were investigated for their association with 

the phenotype of HIV-1 viremia levels in a population of HIV-infected Americans 
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primarily derived from the San Francisco SCOPE cohort. (CONCLUSIONS AIM 2) TLR9 

and IRF5 variants associated with HIV viremia levels in White Americans. Additionally, 

individuals infected with HIV should try to avoid chronic inflammation, which means 

avoiding other viral and bacteria coinfections, traumas, and other behaviors that promote 

a chronic inflammatory state. Furthermore, the magnitude of TLR9- and IRF5-dependant 

inflammatory responses during the acute phase of HIV-1 infection may partially 

determine the viremia level of chronic infection (CVL classification). 
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Introduction 

The overall goal of this thesis is to identify polymorphic alleles that associate with 

elevated risk and disease progression. To achieve this goal I’ve used two different 

approaches. In AIM 1 I’ll present a predictive approach, describing a resource I’ve 

developed called Delta-MATCH. Delta-MATCH helps to identify and predict which 

human single nucleotide polymorphisms (SNPs) are likely to create allele-specific 

transcription factor binding sites, and is an example of a prospective computational 

survey. In AIM 2 I’ll present the results of a classical genetic survey, using a candidate 

gene approach, to investigate the polymorphisms in four candidate genes, for their 

association with the phenotype of HIV-1 viremia. 

 

Human polymorphic variation may contribute to pathogenesis and disease phenotypes 

by modulating molecular processes such as gene transcription, mRNA processing, and 

protein modification, structure and function. Although much of the public effort has 

picked the lowest hanging fruit by identifying polymorphisms that code for dramatic 

nonsynonymous amino acid substitutions, it may be important to identify the genetic 

modulators of gene transcription, and those variants that modulate the magnitude of 

inflammatory responses [2].  

 

A subset of human polymorphisms may modulate transcription factor binding affinity and 

gene transcription by altering with consensus sequence of a transcription factor binding 

site at a position in the promoter if a gene and proximal to its transcriptional start site. 

Resources like rVISTA 2.0 have attempted to map the genome-wide distribution of 

transcription factor binding sites by using pattern matching approaches and comparative 

genomics to identify conserved non-coding regulatory regions [3-5]. Although some 

portal sites allow users to query public databases to identify polymorphisms positioned 
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within these regulatory regions [6-9], existing tools don’t have robust ranking methods 

that incorporate orthogonal data types that allow users to identify and predict which 

genetic variants will associate with human diseases [5, 10, 11].  

 

I have constructed a novel resource and database called Delta-MATCH that predicts if a 

polymorphism may promote an allele-specific transcription factor binding recruitment 

event. This tool was developed as an extension of an existing tool called the MATCH 

program, which predicts quantitatively how well a transcription factor will bind to a given 

genetic sequence [1]. MATCH scores were calculated for 4.5 million pairs of SNP 

alleles, and ranked by their importance.  

 

The Delta-MATCH database has been used to identify lists of candidate SNPs that are 

being investigated for their association to a number of disease phenotypes including 

autoimmunity, multiple sclerosis, dyslipidemia, hypertriglyceridemia, Alzheimer’s disease 

and HIV/AIDS progression. Furthermore, because homologous genomic sequences of 

two distinct organisms can be aligned, Delta-MATCH has been used to identify and 

predict species-specific transcription factor binding sites. Specifically, when the human 

and chimpanzee genomes were aligned, a relative polymorphism in the Neurogenin-2 

gene was identified that may create a PAX-6 transcription factor binding site in 

chimpanzees (and non-human vertebrates), but not humans (page 249). 

 

Strong associations between polymorphic variants and disease phenotypes have been 

identified, and may be important to identify those that contribute to the pathologies of 

multiple disorders. The apolipoprotein E (APOE) epsilon 4 (ε4) allele, for example, is 

associated with increased risk of cardiovascular disease (CVD), Alzheimer’s disease 

(AD), and HIV-related dementia [12-14]. Transgenic mice expressing the human ε4 
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protein are used as a model of AD [15], and mice deficient in apoE have elevated lipid 

levels, and are used as a proinflammatory model for studying atherosclerosis [15, 16]. 

Other strong associations have been identified between variants of interferon regulatory 

factor 5 (IRF5) and risk of developing systemic erythematosus lupus (SLE) [17-19], and 

between a haplotype of Toll-like receptor 9 (TLR9) and the rate of CD4+ T cell loss 

during HIV-1 infection [20]. 

 

However, not all polymorphic variants are associated with detrimental phenotypes. 

Indeed, some variants protect against viral and bacterial infection [21, 22]. For example, 

the del32 allele of chemokine receptor 5 (CCR5), a seven transmembrane protein 

expressed by T cells and macrophages, and coreceptor for the human 

immunodeficiency virus type 1 (HIV-1), confers protection against HIV-1 infection.  

 

Because polymorphisms in CCR5, TLR9, IRF5, and APOE have been associated with 

multiple phenotypes that are mediated by inflammation, and because HIV/AIDS infection 

is modulated by the innate inflammatory response, the common genetic variants in these 

four genes were investigated for their association to HIV/AIDS viremia levels as a 

surrogate marker of risk of disease progression. 

 

 

1.3 AIM 1: Delta-MATCH: A Computational Survey 

To conduct a computational survey of the database of human single nucleotide 

polymorphisms (SNPs) to identify and rank prioritize polymorphisms that may associate 

with allele-specific transcription factor (TF) recruitment. Transcription factor binding site 

(TFBS) matrixes provided by the BIOBASE TRANSFAC database were pattern matched 
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against human genome sequence to derive quantitative scores reflecting allele-specific 

transcription factor binding affinity. Delta-MATCH is a web-based tool 

(http://deltamatch.org) providing the scientific community the ability to identify lists of 

high-value candidate SNPs based on a number of independent selectable criteria. These 

candidate SNPs may modulate transcription factor binding and associate with both 

allele-specific gene expression and phenotypic disease. 

 

1.4 AIM 2: A Genetic Survey of Genetic Modulators of HIV-1 Viremia 

To conduct a genetic survey of four genes (CCR5, TLR9, IRF5, APOE) to identify 

associations between genotype/haplotype frequencies and HIV-1 viremia levels, in a 

population of HIV-1-infected Americans primarily derived from the San Francisco 

SCOPE cohort. The HIV-1 cohort collection was coordinated by Mike McCune at the 

Gladstone Institute of Virology and Immunology (GIVI), and by Stephen Deeks and Jeff 

Martin at the San Francisco General Hospital. 
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Chapter 1: Delta-MATCH - A Computational Survey 

 

1.5 Delta-MATCH Overview 

1.5.1 The Aim of the Delta-MATCH Program 

The aim of the Delta-MATCH program is to identify those human polymorphic variants 

differ greatly in their predicted transcription factor binding affinity (difference in MATCH 

score = Δ - MATCH). In this version of the Delta-MATCH database (version 1.0), 

4,547,844 high value candidate polymorphisms have been scored and ranked by the 

Delta-MATCH algorithm to determine their “potential” to create an allele-specific 

transcription factor binding site. These high-value polymorphisms were either positioned 

within a 10,000 base pair window (10k upstream + gene + 10k downstream) of any 

refSeq gene (UCSC browser table hg18.refGene.name2), or positioned within a region 

of high conservation in the human genome (UCSC browser hg18. phastCons17way) 

(Table 41 page 406). The major and minor alleles for each of these 4.5 million 

polymorphisms were independently evaluated by the MATCH algorithm [1] (Figure 201) 

against a library of 550 known transcription factor binding site sequences (Table 43, 

page 405) to determine the “highest MATCH scores” for each allele and transcription 

factor pair. A ranked list of polymorphisms was then determined for each of the 550 

transcription factor binding sites (matrix names) and catalogued in the Delta-MATCH 

database. These polymorphisms have been ranked by a statistic called the “Delta-

MATCH potential score”, which reflects the “potential” of a polymorphism to create an 

allele-specific transcription factor binding site (page 30). 

 



 

 6 

Figure 1 A Polymorphism May Create an Allele-specific Transcription Factor 

Binding Site 

 

 

An allele-specific transcription factor binding site (TFBS) is created when a 

polymorphism is positioned in a regulatory element proximal to a given gene and results 

in the two alleles having very different affinities for the relevant transcription factor (TF). 

Figure 1 shows a transcription factor in blue, which has a high affinity for a nucleotide 

sequence (allele T), upstream of gene that transcribes high levels of mRNA. In this 

example, there is strong specificity, between the transcription factor and the transcription 

factor binding site, and this correlates with high gene expression. However, if for 

example, a mutation is induced that converts the T allele, to an A allele, the A allele 

creates a lower affinity binding site for the transcription factor. In this instance the 

difference in TF binding affinity, between the two alleles and the transcription factor, 

correlates with a difference mRNA expression. 
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1.5.2 Transcription Factor Binding Affinity May Be Correlated with the Level of 

mRNA Expression and Associated with Some Human Diseases (Δ binding 

affinity ≈ Δ expression) 

When a polymorphism creates an allele-specific transcription factor binding site, it may 

cause human disease by causing a dysregulation in transcription factor binding and 

mRNA transcription. Therefore, it is important to try to identify those polymorphisms that 

have strong differences in binding affinity between their alleles and a TF.  

 

Two cases may be considered. In case 1 (Figure 2), binding affinity may be positively 

correlated with mRNA expression, when high affinity binding correlates to high mRNA 

expression, and low affinity binding correlates to low mRNA expression. In case 2 

(Figure 3), binding affinity may be negatively correlated with mRNA expression, when 

high affinity binding correlates to low mRNA expression, and low affinity binding 

correlates to high mRNA expression. 
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Figure 2 Transcription Factor Binding Affinity May Positively Correlate with Level 

of mRNA Expression 

 



 

 9 

Figure 3 Transcription Factor Binding Affinity May Negatively Correlate with Level 

of mRNA Expression  

 

 

Although there is currently no direct way to know, if a transcription factor will positively or 

negatively correlate to expression, what can be said is, that a strong differences in 

transcription factor binding, may correlate to differences in gene expression and human 

disease phenotypes.  

 

1.5.3 The Delta-MATCH Hypothesis 

The Delta-MATCH method hypothesizes a difference in mRNA expression may be 

correlated a difference in transcription factor binding affinity between a pair of 

polymorphic alleles, and these differences may be associated with allele-specific gene 

expression and some disease phenotypes. 
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1.6 Computational Survey 

Exactly 4,547,844 priority SNPs were computationally surveyed and prioritized by using 

the delta_match.py and prioritize_results.py python scripts and all scores, and 

associated data were accumulated into a single Delta-MATCH databases (DBDM).  

 

1.6.1 What is Delta-MATCH Query Tool? 

The Delta-MATCH Query tool is a web-based tool used to identify and rank 

polymorphisms in the database of human single nucleotide polymorphisms (dbSNP 

rsnumbers) for their potential to create allele-specific transcription factor binding sites 

(TFBS). It should be noted the results from this tool are returned in descending order of 

their ranked importance.  

 

It is predicted that in most cases, a polymorphism is unlikely to create an allele-specific 

binding site. However, in the most extreme case, the nucleotide sequence of one allele 

may be determined to be perfect match to the sequence of a known transcription factor 

binding site, while the other allele is determined to be a complete “mis-match” binding 

site. These may be cases where a transcription factor may bind to only one of the two 

polymorphic allele sequences, and may be cases where the two alleles associate with 

variable gene expression and disease phenotypes. 

 

1.6.2 The Delta-MATCH Query Tool (DMQT) Website Address 

http://deltamatch.org/ 
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1.6.3 DMQT Overview 

A Delta-MATCH query tool (DMQT) was built to query the ranked results of the Delta-

MATCH database (DBDM). Starting with the entire list of more than 4.5 million human 

polymorphisms, the query tool functions as a filtering engine, returning only those results 

that meet a list of criteria. A diverse number of complexly layered queries can be 

formulated simply by manipulating a series of radio buttons, check boxes, and drop-

down menus before submitting the structured query language (SQL) request and 

awaiting the resultant pages. It is possible to search the DBDM by SNP accession 

numbers (rsnumbers), gene names, chromosomal positions, transcription factor binding 

site (TFBS) matrix names, transcription factor (TF) names, and/or by tissue types (where 

a list of associated transcription factors is known to be highly expressed) (Table 39 page 

404). SNPs can be identified (for example) that have a minimum potential score 

(potential), or a minimum frequency of heterozygosity, or are located near genes 

associated with a specified gene ontology (GO) term, within a particular genomic region 

(Table 44 page 406), within a specified distance of transcriptional or translational start 

site, within a region of high conservation, and/or within a region of high TFBS density 

(PReMod). When filtering for SNPs present on Affymetrix or Illumina genotyping chips, 

the DMQT will optionally return additional significant results for all SNPs known to be in 

strong linkage disequilibrium (LD) with SNPs on the genotyping chips as identified by 

cross-referencing LD tables in the HapMap database. Because LD values are ethnicity-

specific, the DMQT includes LD values calculated for four HapMap populations; 

European (CEU), African (YRI), Japanese (JPT), and Chinese (CHB) [23]. Results may 

further be filtered to include only results from TFBS matrixes that are of ‘high’ quality or 

of a minimum matrix length, and the resultant webpage may be sorted by a number of 

different methods for best viewing.  
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The DMQT has been designed for flexibility. Each button, box, and drop-down menu 

acts as an additional independent query layer, and it should therefore be possible to 

remodel and expand its capability to incorporate and cross-reference additional 

bioinformatics resources in the future with minimal effort. Examples of the resultant web 

pages are shown (Figure 50 page 110). 

 

1.6.4 Building a Workstation 

To construct an informatics workstation, I assembled a machine that has two 2.3-Ghz 

processors, 8 Gb of memory, and more than two terabytes of storage and running the 

gen[24]machine I installed a mirrored copy of the UCSC genome browser complete with 

all genomic MySQL data tables and an academic licensed copy of the Transcription 

Factor database (TRANSFAC version 10.2), distributed by BIOBASE [3]. Exactly 584 

vertebrate Transcription Factor Binding Site (TFBS) matrixes (two-dimensional Position 

Specific Scoring Matrixes representing transcription factor-specific nucleotide binding 

site sequence) were co-opted from the MATCH program [1]. Additional resources 

(HapMap, Affymetrix, Illumina, PReMod, Gene Ontology) were adapted and installed as 

accessory databases [23, 25, 26]. 

 

1.6.5 Computing Time 

The Delta-MATCH script computed at a maximum of 18 polymorphisms per minute on 

the Linux workstation. Surveying the list of 4,547,844 priority SNPs was calculated to 

requre a minimum of 175 CPU days. Therefore, the bulk of the workload was distributed 

over 8 additional computers (G5 Macintosh OS 10.4), each running independent lists of 
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SNPs. These nodes computed autonomously except for the genomic sequence retrieval 

step, which was accomplished by using the DAS sequence retrieval web server function 

on the Linux machine. After network interruptions and administrative solutions, I 

estimated that more than 5 weeks of 24-hour computation on 9 machines was needed to 

survey the 4.5 million priority SNPs using the delta_match.py script. Subsequently, the 

prioritize_results.py script took 7 days to completely rank and prioritize the results for 

550 separate TFBS matrixes. 

 

1.6.6 How the Delta-MATCH Query Tool Was Constructed 

Transcription factor binding site matrixes (mat_id) provided by the BIOBASE 

TRANSFAC [27, 28] database were pattern matched against human genome sequence 

using the MATCH algorithm [1] to derive quantitative scores (potential scores) reflecting 

allele-specific transcription factor binding affinity. The Delta-MATCH Query Tool 

integrates data from many external bioinformatics databases (UCSC human genome 

browser , HapMap, Affymetrix, Illumina, PReMod, Gene Ontology, Database of Genomic 

Variants, Database of HIV-1 Candidate Genes, Database of Alzheimer's Disease 

Candidate Genes, Database of HIV-1 Cohorts) and may be used to produce a filtered list 

of high-value candidate SNP targets that may be associated with allele-specific 

transcription factor binding events. 

 

1.6.7 SNP Identification and Selection 

All 11,647,909 distinct polymorphisms from the UCSC March 2006 human genome 

database (UCSC browser table hg18.snp126) were classified as belonging to one or 

more genomic positions relative to all ‘knownGene’ (UCSC browser table 
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hg18.knownGene) reference sequences (Table 44 page 406). Polymorphisms located in 

the following positions were identified and prioritized for computation: 

 

• within the 10k upstream sequence flanking a knownGene sequence 

• within the 10k downstream sequence flanking a knownGene sequence 

• within an the 5’UTR of a knownGene sequence 

• within an the 3’UTR of a knownGene sequence 

• within an knownGene sequence exon 

• within an knownGene sequence intron 

• within a region of strong conservation 

• within a cpgisland 

• within a region with high regulatory potential 

 

A prioritized list 4,547,844 biallelic single nucleotide polymorphisms (SNPs) was 

constructed for primary analysis and included all SNPs positioned within 10 kb of any 

‘knownGene’ sequence, within a region of strong conservation (UCSC browser table 

hg18. phastconsElements17way), or present on a known human Affymetrix, or Illumina 

genotyping SNPchip. 

 

Polymorphisms positioned within regions of insertion/deletions, simple repeats, or 

microsatellites were excluded. Also excluded were polymorphisms with more than two 

allele states and those that mapped to more than one chromosomal position. 

 



 

 15 

1.6.8 What is a Transcription Factor Binding Site Matrix? 

The Delta-MATCH algorithm uses the scoring method and the many of the transcription 

factor binding site matrixes (n = 550) originally derived from the BIOBASE MATCH 

program [1].  

 

1.6.8.1 Definition - matrix (transcription factor binding site matrix) 

A transcription factor binding matrix is a two-dimensional mathematical representation of 

what a transcription factor binding site looks like in nucleotide sequence space.  

 

For each base position of a matrix, there are weights attributed for each the four possible 

deoxy-ribonucleic-nucleotide bases (A, C, G, T) that reflect the specificity of a given 

base at each position. The weights of the matrix are lowest when the nucleotide diversity 

at that position is highest (very little specificity), and are highest when the nucleotide 

diversity at that position is lowest (very high specificity). The weight values for the 550 

TRANSFAC matrixes were created by: 

 

• aligning the promoters of genes known to be responsive to a known transcription 

factor 

• identifying small, but conserved motifs in these gene promoters (the transcription 

factor binding site sequence) 

• summing up the number of times each of the four (A,C,G,T) bases are present in 

at each of the transcription factor binding site positions into a 2-dimensional 

position-specific base counting matrix (base count versus base position) 

• converting the resulting scores into a percentage count matrix (normalize to 100) 

(Figure page 16) 
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• multiplying the 2-dimensional position-specific base counting matrix by an 

information eigenvector that represents the nucleotide diversity at each position 

of the matrix (Figure page 17) [1]. 

 

1.6.9 Transcription Factor Binding Site Matrix (percentage count) 

Figure 4 displays an example transcription factor binding site matrix prior to the 

multiplication of the information eigenvector. This matrix represents the base specificity 

of 6 base positions which have been normalized to 100 percent (a percentage count 

matrix). [base position specificity: ((3=4) > 5 > 2 > 1 > 6)] 

 

Figure 4 Transcription Factor Binding Site Matrix 

 

1.6.10 Transcription Factor Binding Site Matrix (after eigenvector multiplication) 

The matrixes use by Delta-MATCH (and the BIOBASE MATCH program) have been 

multiplied through by an information eigenvector to attribute more importance to the 

most informative TFBS base positions. Figure 5 displays an example TFBS matrix that 

base \ position 1 2 3 4 5 6

A 0 0 100 0 0 25
C 50 75 0 0 25 25
G 50 10 0 0 0 25
T 0 15 0 100 75 25

consensus S C A T T N

specificity ** *** ***** ***** **** *

  eigenvector 530 526 599 599 543 461
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has been multiplied through by and information eigenvector and normalized to 100 

percent. Notice the newly adjusted weights for the least specific base positions are 

relatively lower than their corresponding weights before the eigenvector multiplication. 

 

Figure 5 Transcription Factor Binding Site Matrix After Eigenvalue Correction 

 

1.6.10.1 Definition - information eigenvector 

This is a weighted vector the same length as a matrix that describes the nucleotide 

diversity across every base position and is an estimator of base specificity.  

 

1.6.11 What is a MATCH Score? 

1.6.11.1 Definition - MATCH score 

This is a statistic that reflects the sequence identity between a given DNA sequence and 

a transcription factor matrix. 

 

The mathematical definitions of the MATCH score and eigenvector definition are 

described in the original MATCH publication [1] (Figure page 402).  

 

 

base \ position 1 2 3 4 5 6

A 0 0 100 0 0 19.2

C 44.2 71.4 0 0 19.2 19.2
G 44.2 6.2 0 0 0 19.2

T 0 10.3 0 100 71.4 19.2
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1.6.12 Three Genetic Models of Human Disease Paired with High or Low Levels of 

mRNA Transcription 

 

Delta-MATCH has been created to help to identify human polymorphisms that associate 

(and potentially cause) allele-specific gene transcription and human disease. In Figure 2 

and Figure 3, two SNP alleles induce transcription factor binding with different levels of 

affinity.  

 

When the normal mRNA transcription is dependent on high affinity TF binding, it might 

be the case that an allele that creates a low affinity binding site might be associated with 

phenotypes caused by lower levels of gene transcription. 

 

1.6.12.1 Definition - phenotype case 1 (low mRNA transcription = disease) 

In this case, high mRNA transcription is associated with a normal state, and low mRNA 

transcription is associated with a diseased state. 

 

When a transcription factor binds to a promoter with high affinity and acts as a 

suppressor, it might be the case that normal low levels mRNA transcription is dependent 

on high affinity TF binding, and that an allele that creates a low affinity binding site might 

be associated with phenotypes caused by higher levels of gene transcription. 

 

1.6.12.2 Definition - phenotype case 2 (high mRNA transcription = disease) 

In this case, low mRNA transcription is associated with a normal state, and high mRNA 

transcription is associated with a diseased state. 
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There are three genetic models that may be paired with two above two phenotype cases 

when associating genetic markers with a given phenotype. 

 

1.6.12.3 Definition - genetic model 1 - (dominant model) 

The disease state allele is dominant over the normal state allele. In this model a single 

copy of the disease allele is sufficient to create the disease phenotype. The mRNA 

transcription levels may be either high or low. 

 

1.6.12.4 Definition - genetic model 2 - (co-dominant model) 

The disease state allele is co-dominant with the normal state allele. In this model, there 

is a dose-dependence correlation of the disease allele with the level of mRNA 

transcription. The mRNA transcription levels may be high, medium or low.  

 

1.6.12.5 Definition - genetic model 3 - (recessive model) 

The disease is recessive to the normal state allele. In this model two copies of the 

disease allele is required to create the disease phenotype. The mRNA transcription 

levels may be either high or low. 

 

1.6.13 Hardy-Weinberg Expectation Equations 

 

1.6.13.1 Definition - Hardy-Weinberg Expectation (HWE) 

The sum of the allele frequencies for any given pair of alleles (A1 and A2) must equal 

one, and the sum of all homozygous and heterozygous genotype frequencies must 

equal one. 
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(A1 Freq) + (A2 Freq) = 1 

and 

Freq (A1 / A1) + Freq (A1 / A2) + Freq (A2 / A2) = 1 

 

Equation 1 - Expected Frequency of Homozygous Carriers of Allele 1 (FreqA1/A1) 

FreqA1/A1 (A1 / A1) = (A1 Freq) * (A1 Freq) 

 

Equation 2 - Expected Frequency of Heterozygous Carriers (FreqA1/A2) 

FreqA1/A2 (A1 / A2) = 2 * (A1 Freq) * (A2 Freq) 

 

Equation 3 - Expected Frequency of Homozygous Carriers of Allele 2 (FreqA2/A2) 

FreqA2/A2 (A2 / A2) = (A2 Freq) * (A2 Freq) 
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1.6.14 The Predicted Genotype Frequencies of Three Genetic Models Paired with 

High or Low Levels of mRNA Transcription 

 

For each of the Phenotype Case / Genetic Model Pairs, it is possible to predict the 

expected genotype frequencies [Freq(A1/A1), Freq(A1/A2), Freq(A2/A2)] for any pair of 

allele frequencies (A1 Freq, A2 Freq) using the Hardy-Weinberg expectation equations 

(page 20). 

 

Table 1 Predicted Genotype Frequencies of Three Genetic Models 

 

 

 

A1 Freq 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

A2 Freq 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

Case / Model Genotype Phenotype

1 Case 1 / Dominant A1 / A1 high Freq (A1 / A1) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = normal A1 / A2 low Freq (A1 / A2) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = disease A2 / A2 low Freq (A2 / A2) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

2 Case 1 / Co-Dominant A1 / A1 high Freq (A1 / A1) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = normal A1 / A2 medium Freq (A1 / A2) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = disease A2 / A2 low Freq (A2 / A2) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

3 Case 1 / Recessive A1 / A1 high Freq (A1 / A1) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = normal A1 / A2 high Freq (A1 / A2) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = disease A2 / A2 low Freq (A2 / A2) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

4 Case 2 / Dominant A1 / A1 high Freq (A1 / A1) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = disease A1 / A2 high Freq (A1 / A2) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = normal A2 / A2 low Freq (A2 / A2) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

5 Case 2 / Co-Dominant A1 / A1 high Freq (A1 / A1) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = disease A1 / A2 medium Freq (A1 / A2) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = normal A2 / A2 low Freq (A2 / A2) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

6 Case 2 / Recessive A1 / A1 high Freq (A1 / A1) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = disease A1 / A2 low Freq (A1 / A2) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = normal A2 / A2 low Freq (A2 / A2) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00
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1.6.15 The Predicted Phenotype Frequencies of Three Genetic Models Paired with 

High or Low Levels of mRNA Transcription 

 

For each of the Phenotype Case / Genetic Model Pairs, it is possible to predict the 

phenotype frequencies [Freq(high), Freq(medium), Freq(low)] for any pair of allele 

frequencies (A1 Freq, A2 Freq) by summing up the expected genotype frequencies 

when grouping by identical phenotype (high, medium, and low).  

 

Table 2 Predicted Phenotype Frequencies of Three Genetic Models 

 

 

 

A1 Freq 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

A2 Freq 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

Case / Model Genotype Phenotype

1 Case 1 / Dominant A1 / A1 high freq (high) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = normal A1 / A2 medium freq (medium) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A2 = low = disease A2 / A2 low freq (low) 1.00 0.99 0.96 0.91 0.84 0.75 0.64 0.51 0.36 0.19 0.00

2 Case 1 / Co-Dominant A1 / A1 high freq (high) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = normal A1 / A2 medium freq (medium) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = disease A2 / A2 low freq (low) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

3 Case 1 / Recessive A1 / A1 high freq (high) 0.00 0.19 0.36 0.51 0.64 0.75 0.84 0.91 0.96 0.99 1.00

A1 = high = normal A1 / A2 medium freq (medium) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A2 = low = disease A2 / A2 low freq (low) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

4 Case 2 / Dominant A1 / A1 high freq (high) 0.00 0.19 0.36 0.51 0.64 0.75 0.84 0.91 0.96 0.99 1.00

A1 = high = disease A1 / A2 medium freq (medium) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A2 = low = normal A2 / A2 low freq (low) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

5 Case 2 / Co-Dominant A1 / A1 high freq (high) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = disease A1 / A2 medium freq (medium) 0.00 0.18 0.32 0.42 0.48 0.50 0.48 0.42 0.32 0.18 0.00

A2 = low = normal A2 / A2 low freq (low) 1.00 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0.00

6 Case 2 / Recessive A1 / A1 high freq (high) 0.00 0.01 0.04 0.09 0.16 0.25 0.36 0.49 0.64 0.81 1.00

A1 = high = disease A1 / A2 medium freq (medium) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A2 = low = normal A2 / A2 low freq (low) 1.00 0.99 0.96 0.91 0.84 0.75 0.64 0.51 0.36 0.19 0.00
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Figure 6 Phenotype Frequencies Case1 /Model Dominant 

 

Figure 7 Phenotype Frequencies Case1 /Model Co-Dominant 
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Figure 8 Phenotype Frequencies Case1 /Model Recessive 

 

Figure 9 Phenotype Frequencies Case2 /Model Dominant 
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Figure 10 Phenotype Frequencies Case2 /Model Co-Dominant 

 

Figure 11 Phenotype Frequencies Case2 /Model Recessive 
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1.6.16 A Large Difference in MATCH Score May Correlate with a Large Difference 

in Transcription Factor Binding Affinity 

 

For a given submitted DNA sequence (a) the MATCH [1] program predicts if a 

transcription factor will bind to a given genetic sequence by calculating a statistic called 

a “MATCH score” (m). This MATCH score represents an identity score between a 

sequence and a transcription factor binding site consensus sequence. Therefore it 

follows that two alleles (a1 and a2) of a given polymorphism (the DNA sequence flanking 

the position of a polymorphic locus) may be separately evaluated by the MATCH 

algorithm, and a corresponding MATCH score for each allele (m1 and m2) may be 

calculated (Figure page 402). It may be concluded that if the polymorphic variant is 

positioned within a regulatory region in the human genome, and the MATCH scores for 

these two alleles differ greatly, the polymorphism may associate with allele-specific gene 

expression. 
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Figure 12 Density plot of allelic MATCH scores for 4,547,844 polymorphisms using 

the NF-kappaB Matrix V$NFKB_Q6 

 

 

This is a density plot of the distribution of the allelic MATCH scores for 4,547,844 

polymorphisms using the NF-kappaB transcription factor binding site matrix 

V$NFKB_Q6. Most polymorphisms have small differences between their allele 1 (m1) 

and allele 2 (m2) MATCH scores. The dotted lines (FP = false positive cutoff threshold) 

represent the minimum MATCH score required to initiate transcription factor binding for 

the specified matrix.  
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The 950 polymorphisms having a MATCH score (m1 and/or m2) greater than or equal to 

the false positive cutoff threshold score (FP = 0.955) were ranked by the Delta-MATCH 

algorithm to identify those polymorphisms with the highest potential to create an allele-

specific transcription factor binding site.  

 

Those polymorphisms with large differences between their allelic MATCH scores 

(furthest from the line where m1 = m2), where either m1 or m2 is equal to 1.0 ranked 

highest. 
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1.6.17 Can a Large Delta-MATCH Score Identify a Genetic Locus Associated with 

Human Disease? 

It is hypothesized that the difference between two allelic MATCH scores may correspond 

to a difference in transcription factor binding affinity. Furthermore, by calculating Delta-

MATCH scores for every known transcription factor, for all known human 

polymorphisms, it may be possible to predict which polymorphisms may associate with 

human diseases characterized by irregular levels of mRNA expression by ranking these 

predictions in descending order of importance (descending order of their Delta-MATCH 

potential score). Once ranked, a Delta-MATCH Query Tool may be used to allow users 

to filter/search through the ranked predictions to identify novel candidate polymorphisms 

that may be good future targets of gene therapy. 
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1.7 The Delta-MATCH Method (Predicting Which Polymorphisms May Create 

Allele-Specific Binding Sites) 

 

1.7.1 What is Biological Relevance? 

1.7.1.1 Definition - biological relevance 

A DNA sequence containing a nucleotide motif that may attract and bind with a 

transcription factor is considered “biologically relevant”, and a sequence that can’t is 

considered “biologically irrelevant”. 

 

1.7.2 What is a “Delta-MATCH Potential Score (potential)? 

 

1.7.2.1 Definition - potential (Delta-MATCH Potential Score) 

The “Delta-MATCH Potential Score” is a statistic that reflects the absolute difference in 

biological relevance between two to polymorphic alleles. This is the primary ranking 

statistic in the Delta-MATCH database. A potential score may range from 0.0 to 1.0. 

Polymorphisms with high potential scores may be considered candidate polymorphism 

for human diseases that are characterized by dysregulation in mRNA gene expression. 

 

1.7.2.2 Warning - The “Delta-MATCH potential score” is informative, but not 

sufficient 

 

The “Delta-MATCH potential score” is informative, not by itself sufficient to predict 

whether or not a polymorphic site will have a biological affect on transcription factor 

binding. Other characteristics of the polymorphism must be considered in conjunction 
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with a Delta-MATCH potential score to determine if a candidate polymorphism may 

associate with a disease phenotype. Specifically, it is important to consider if a 

polymorphism is located in a potential regulatory region. Although a polymorphism may 

affect gene expression when located in an enhancer region distal to a set of genes, it is 

more likely that it may associate with variable levels of gene expression when it is 

located in a promoter region immediately upstream of a gene, near a transcriptional start 

site, or near an mRNA splicing junction. 

 

1.7.3 The Threshold of Biological Relevance Is Estimated By the False Positive 

Threshold Cutoff Score 

The Delta-MATCH method uses 550 TFBS matrixes defined by the in the BIOBASE 

MATCH program that represent 550 different vertebrate transcription factor binding site 

consensus sequences [1].  

 

1.7.3.1 Definition - cutoff threshold of biological relevance 

This is the minimum value of a MATCH score that is biological relevant for a given TFBS 

matrix.  

 

1.7.3.2 Definition - false positive cutoff score (FP) 

This is and estimation of the “cutoff threshold of biological relevance” that was 

determined by the BIOBASE team. Each of the 550 TFBS matrixes has a unique FP 

cutoff threshold score. 
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The BIOBASE team has empirically determined a minimum false positive threshold 

cutoff score (FP) that represents the minimal score required to induce the first moment 

of transcription factor binding. BIOBASE has estimated a unique FP cutoff for each of 

the 550 matrixes used by Delta-MATCH [1]. Note that 34 of the 584 vertebrate matrixes 

provided by MATCH version 10.2 did not have a FP statistic estimated, and these 

matrixes have been removed from consideration in this Delta-MATCH release. 

 

If a DNA sequence is compared to a TFBS matrix and scored using the MATCH 

algorithm, and its “highest MATCH score” is greater than or equal to the FP cutoff score, 

the sequence is considered to be “biologically relevant”. However, if the “highest MATCH 

score” is less than the FP cutoff score, the sequence is considered to be “biologically 

irrelevant”. In the following figure the FP cutoff threshold for the example MATCH score 

distribution is 0.8. 

 



 

 33 

Figure 13 The FP Threshold Cutoff Represents the Minimum MATCH Score 

Required to Recruit a Transcription Factor to a Sequence. 

 

 

For a given matrix it is possible to show the complete distribution of every polymorphic 

allele by graphing the number of allele counts (y-axis) per MATCH score (x-axis). It is 

then possible to calculate the “biological relevance” for a given MATCH score if the 

threshold cutoff score for that matrix is known (page 35). 

 

1.7.4 The False Positive (FP) Cutoff Is Not Correlated with Matrix Length 

A graph of the False Positive Cutoff Score versus the Matrix Length for the 550 

BIOBASE transcription factor matrixes has a low correlation coefficient (-0.493). See 

Figure 32 on page 78 for the distribution of TFBS matrix lengths.  
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Figure 14 False Positive Cutoff Score vs. Matrix length 

 

 

 

1.7.4.1 Definition - model  

This is a mathematical approximation that Delta-MATCH uses to calculate an estimation 

of “biological relevance of a MATCH score” (brm) 

 

1.7.4.2 Definition - biological relevance of a MATCH score (brm) 

The “biological relevance of a MATCH score” can be estimated from a linear model 

(Estimation Model 1 page 35) overlaid on the complete distribution of MATCH scores for 

a set of alelles if the “minimum cutoff threshold of biological relevance” has been 

estimated (FP).  
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1.7.5 How is Biological Relevance Calculated? 

In a hypothetical example distribution of MATCH scores (Estimation Model 1), the false 

positive threshold (FP) is 0.700. For a given set of allele MATCH scores (m1 = 1.0, m2 = 

0.9, m3 = 0.85, m4 = 0.8, m5 = 0.7, m6 = 0.6), it is possible to correlate an associated 

“biological relevance of a MATCH score” (brm) by estimating from a “linear curve” 

starting from the x-axis at the point of the false positive threshold (x = 0.7, y = 0.0) up to 

the point at which the biological relevance score is maximum and reflective of the 

optimal transcription factor binding site consensus motif (x = 1.0, y = 1.0).  

 

Figure 15 Estimation Model 1 - a linear estimation curve 
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Note that the false positive cutoff value for this matrix is fairly low (FP = 0.700) and the 

slope of the linear estimation curve is fairly small (~ 1.0 brm / 0.3 MATCH score units). 

 

The “biological relevance of a MATCH score” (brm) for these hypothetical alleles using 

Model 1 are as follows: 

 

brm1 (m1 = 1.0) = 1.000 

brm2 (m2 = 0.9) = 0.666 

brm3 (m3 = 0.85) = 0.500 

brm4 (m4 = 0.8) = 0.333 

brm5 (m5 = 0.7) = 0.000 

brm6 (m6 = 0.6) = 0.000 

brm7 (m7 = 0.5) = 0.000 

 

Note that in Estimation Model 1, there may be many false positive predictions for alleles 

with MATCH scores greater than 0.7 and less than 0.8 (below the red linear curve within 

the region nearest the estimated threshold cutoff score). 

 

1.7.6 Calculating the “absolute percent difference” in allelic MATCH scores and 

the “Delta-MATCH potential score” 

 

1.7.6.1 Definition - mean MATCH score  

The “mean MATCH score” is the average of the two allelic MATCH scores (Equation 7). 

 



 

 37 

Equation 4 - mean MATCH score  

mean (m1, m2) = ((m1 + m2) / 2) 

 

1.7.6.2 Definition - larger polymorphism MATCH score (m_max) 

The “larger polymorphism MATCH score is the greater of m1 and m2. 

 

Equation 5 - larger polymorphism MATCH score (m_max) 

m_max (m1, m2) = max(m1,m2) 

 

1.7.6.3 Definition - smaller polymorphism MATCH score (m_min) 

The “larger polymorphism MATCH score is the lesser of m1 and m2. 

 

Equation 6 - smaller polymorphism MATCH score (m_min) 

m_max (m1, m2) = min(m1,m2) 

 

1.7.6.4 Definition - absolute difference in MATCH score (m_dif) 

The “absolute difference in MATCH score” is the absolute difference between the 

highest MATCH scores for allele 1 and allele 2 (Equation 7). 

 

Equation 7 - absolute difference in MATCH score (m_dif) 

m_dif (m1, m2) = abs (m1 - m2) 
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The “Delta-MATCH potential score” for a polymorphism is calculated as the absolute 

difference in biological relevance between a pair of MATCH scores (Equation 8). 

 

Equation 8 - Delta-MATCH potential score (potential) 

potential (m1, m2) = abs(brm1 - bmr2) 

 

1.7.6.5 Definition - absolute percent difference in MATCH score (m_per ) 

The “absolute percent difference in MATCH score” is calculated by multiplying the 

absolute difference between the MATCH scores between two alleles by 100, and 

dividing the product by the larger of the MATCH scores (Equation 9). 

 

Equation 9 - absolute percent difference in MATCH score (m_per) 

m_per (m1, m2) = (100*abs (m1 - m2))/(max(m1,m2)) 

 

1.7.7 How is a Delta-MATCH Potential Score for a Polymorphism Calculated? 

The “Delta-MATCH potential score” for a polymorphism with two alleles a1 and a2, can 

be calculated by determining the absolute difference between brm1 and brm2 (Equation 

10). 

 

Equation 10 - Delta-MATCH potential score (potential) 

potential (m1, m2) = abs (brm1 - bmr2) 
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1.7.8 Ranking Delta-MATCH Results (by potential, (max (m1, m2)), m_per) 

After the potential scores for the set of SNPs were calculated (prioritize_results.py), a 

second python script (prioritize_results.py) ranked these SNPs by “descending order of 

importance” for each of the 550 TFBS matrixes (this is the order returned by the Delta-

MATCH Query Tool). SNPs were ranked by sorting firstly by descending order by their 

Delta-MATCH potential scores (potential), and secondly by descending order of their 

percent difference in MATCH scores (m_per), and thirdly by descending order of their 

largest MATCH score (max (m1, m2)), 

 

1.7.9 Calculating Example Potential Scores (Estimation Model 2) 

These examples are ranked in descending order of importance. 

 

example 1 - potential (m1, m7) = abs (1.000 - 0.000) = 1.000 

  m_per (m1, m7) = (100*abs(1.0 - 0.5))/1.0 = 50 % 

 

example 2 - potential (m1, m6) = abs (1.000 - 0.000) = 1.000 

  m_per (m1, m6) = (100*abs(1.0 - 0.6))/1.0 = 40 % 

 

example 3 - potential (m1, m5) = abs (1.000 - 0.000) = 1.000 

  m_per (m1, m5) = (100*abs(1.0 - 0.7))/1.0 = 30 % 

 

example 4 - potential (m1, m4) = abs (1.000 - 0.333) = 0.666 

  m_per (m1, m4) = (100*abs(1.0 - 0.8))/1.0 = 20 % 

 

example 5 - potential (m3, m6) = abs (0.500 - 0.000) = 0.500 



 

 40 

  m_per (m3, m6) = (100*abs(0.85 - 0.6))/0.85 = 29.4 % 

 

example 6 - potential (m3, m5) = abs (0.500 - 0.000) = 0.500 

  m_per (m3, m5) = (100*abs(0.85 - 0.7))/0.85 = 17.6 % 

 

example 7 -  potential (m1, m3) = abs (1.000 - 0.500) = 0.500 

  m_per (m1, m3) = (100*abs(1.0 - 0.85))/1.0 = 15 % 

 

 

example 8 - potential (m4, m7) = abs (0.333 - 0.000) = 0.333 

  m_per (m4, m7) = (100*abs(0.8 - 0.5))/0.8 = 37.5% 

 

example 9 - potential (m4, m5) = abs (0.333 - 0.000) = 0.333 

  m_per (m4, m5) = (100*abs(0.8 - 0.7))/0.8 = 12.5 % 

 

example 10 - potential (m2, m4) = abs (0.666 - 0.333) = 0.333 

  m_per (m2, m4) = (100*abs(0.9 - 0.8))/0.9 = 11.1 % 

 

example 11 - potential (m1, m2) = abs (1.000 - 0.666) = 0.333 

  m_per (m1, m2) = (100*abs(1.0 - 0.9))/1.0 = 10.0 % 

 

example 12 - potential (m5, m7) = abs (0.000 - 0.000) = 0.000 

  m_per (m5, m7) = (100*abs(0.7 - 0.5))/0.7 = 28.6 % 

 

example 13 - potential (m6, m7) = abs (0.000 - 0.000) = 0.000 

  m_per (m6, m7) = (100*abs(0.6 - 0.5))/0.6 = 16.7 % 
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example 14 - potential (m5, m6) = abs (0.000 - 0.000) = 0.000 

  m_per (m5, m6) = (100*abs(0.7 - 0.6))/1.0 = 14.3 % 

 

example 15 - potential (m1, m1) = abs (1.000 - 1.000) = 0.000 

  m_per (m1, m1) = (100*abs(1.0 - 1.0))/1.0 = 0.0 % 

 

example 16 - potential (m3, m3) = abs (0.850 - 0.850) = 0.000 

  m_per (m3, m3) = (100*abs(0.85 - 0.85))/0.85 = 0.0 % 

 

example 17 - potential (m5, m5) = abs (0.000 - 0.000) = 0.000 

  m_per (m5, m5) = (100*abs(0.7 - 0.7))/0.7 = 0.0 % 

 

example 18 - potential (m7, m7) = abs (0.000 - 0.000) = 0.000 

  m_per (m7, m7) = (100*abs(0.5 - 0.5))/0.5 = 0.0 % 

 

 

Note that in the above examples the maximum potential score of 1.0 is found when one 

allele has a biological relevance of 1.0 (MATCH score = 1.0) when the other allele has a 

biological relevance of 0.0 (MATCH score <= FP). A potential score of 0.0 is found when 

both alleles have MATCH scores less than or equal to the FP cutoff, and when the allelic 

MATCH scores are equal whether high or low (m1 = m2).  

 

Interestingly, because the estimation curve is linear, it is possible to create the same 

“potential” score for more than one combination of allele pairs [Estimation Model 1 

ranked examples (1 = 2 = 3) > 4 > (5 = 6 =7) > (8 = 9 = 10 = 11) > (12 = 13 = 14 = 15 = 
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16 = 17 = 18)]. Note that example 5 is ranked higher than example 6 because the results 

are sorted by descending m_per of before descending order of max(m1, m2).  

 

The aim of Delta-MATCH is to identify those polymorphisms that are biologically relevant 

(large potential) and have very different allelic MATCH scores (a large m_per). For a 

given TFBS matrix, most polymorphisms are “biologically irrelevant” (Definition page 30) 

and have a potential score equal to 0.0 because both allelic MATCH scores (m1 and 

m2) are less than the false positive cutoff. Conversely, very few polymorphisms are 

“biologically relevant” (Definition page 30). For example, out of the 4.5 million SNPs 

evaluated by Delta-MATCH using the V$NFKB_Q6 TFBS matrix, only 878 SNPs were 

biologically relevant and had potential scores greater than 0.0 (Table 3 page 62). 
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Figure 16 Count Versus Mean MATCH Score (V$NFKB_Q6, n = 4,547,844) 

This is a true distribution of MATCH scores for 4,547,844 polymorphisms using the 

NFKB transcription factor binding site matrix V$NFKB_Q6. Note that the false positive 

cutoff value for this matrix is fairly high (FP = 0.955) and the slope of the linear 

estimation curve is fairly large (~ 1.0 brm / 0.045 mean MATCH score units). 
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Figure 17 Histogram of MATCH scores for 4,547,844 polymorphisms using the NF-

kappaB Matrix V$NFKB_Q6 

This is a histogram for the MATCH scores of 4,547,844 polymorphisms using the NFKB 

transcription factor binding site matrix V$NFKB_Q6 (each block equals 5%). The dotted 

blue curve represents the distribution of MATCH scores for the UCSC reference allele 

(m1) and the dotted green curve represents the distribution of MATCH scores for the 

alternate allele (m2). The false positive cutoff threshold value for this matrix is (FP) is 

0.955 and the slope of the linear estimation curve is fairly large (1.0 brm / 0.045 MATCH 

score units). 
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Figure 18 Delta-MATCH estimates the biological relevance of a MATCH score with 

a linear model that approximates transcription factor binding affinity 

Sequences are predicted to have transcription factor binding affinity proportional to the 

degree that a given MATCH score is above a false positive cutoff threshold (FP), a score 

representing the minimum MATCH score required to recruit a transcription factor to a 

double-stranded nucleotide sequence. Delta-MATCH uses the cutoff threshold values 

provided by the BIOBASE TRANSFAC database version 10.2. 

 

Sequences with a MATCH score of 1.0 are predicted to have the strongest transcription 

factor binding affinity and the highest biological relevance. Sequences with MATCH 

scores less than or equal to the minimum cutoff (FP) are predicted to have no 

transcription factor binding affinity and no biological relevance.  

 

 

 



 

 46 

1.7.10 The Delta-MATCH Estimation Model Is Linear (used in version 1.0) 

The currently employed Delta-MATCH estimation model is linear and is useful as a good 

first approximation for estimating the biological relevance of a MATCH score (brm) 

(Definition page 34). It is not yet known if other models might improve reduce the 

number of false positives and false negatives, and it is anticipated that Delta-MATCH will 

continue to improve its model as more accurate transcription factor binding sites 

definitions are defined, and as the molecular conditions needed for proper transcriptional 

regulation are better understood. 

 

In the linear estimation model, those alleles with MATCH scores less than the false 

positive score (FP) are considered biological irrelevant (brm = 0.0) and are not predicted 

recruit transcription factors to bind. Those alleles that have MATCH scores greater than 

or equal to the false positive cutoff are predicted to recruit transcription factors with an 

affinity proportional to the increase in MATCH score above the FP cutoff value to the 

point of its maximum.  

 

The linear estimation curve is drawn starting from the x-axis at point of the FP cutoff 

score (m = 0.0; brm = 0.0) and extending up to it maximum point at which maximal 

binding is predicted (m = 0.0; brm = 1.0). 

 

The linear estimation curve has a slope of zero for MATCH scores greater than zero but 

less than or equal to the FP cutoff. The slope of the linear estimation curve for MATCH 

score values greater than the FP can be calculated (Equation 11). 
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Equation 11 - Slope of Linear Estimation Curve (slope) 

slope = (1.0 biological relevance of a MATCH score) /  

(1.0 MATCH score - (FP cutoff value MATCH score)) 

 

The exact biological relevance of any MATCH score (m) can be found by identifying the 

MATCH score on the x-axis, tracing a line vertically from to the point of intersection with 

the linear estimation curve, and then tracing horizontally to the right to its corresponding 

brm value. 

 

1.7.11 What Level of Potential Score Is Considered Significant? 

For a given TFBS matrix, polymorphisms with the highest potential scores should be 

considered the most likely to promote allele-specific TF binding. For now, it is 

recommended that users focus primarily on polymorphisms with potential scores greater 

than or equal to 0.3, and to consider polymorphisms with lower potential scores 

secondarily. Ignoring results below the 0.3 cutoff may greatly reduce the number of false 

positive predictions. 
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Figure 19 Future Alternative Delta-MATCH Models May Use Exponential 

Estimation Curves 

 

 

1.7.12 Future Versions of Delta-MATCH May Use Higher Order Models That May 

Reduce Type-1 Errors (False Positives) 

Future versions of Delta-MATCH may allow users to select from a variety of higher order 

estimation models when ranking results. It is expected that the largest number of false 

positive biologically relevant predictions occur at or near the estimated threshold cutoff 

(FP). Using exponential estimation models might reduce the number of Type-1 errors by 

more conservatively estimating the biological relevance of a MATCH score (brm) for 

those MATCH scores at or near the estimated false positive cutoff.  
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Figure 20 Estimation Model 2 - an exponential estimation curve 

 

In the figure of Estimation Model 2, the majority of the false positive are likely located 

where the MATCH score is greater than 0.7 and less than 0.8, and below the red 

exponential curve. When compared with the linear estimation model (Estimation Model 1 

page 35), it is evident that using an exponential model (Estimation Model 2) might have 

the relative effect of reducing the number of the false positive predictions in the Delta-

MATCH database. A higher order model would more conservatively the estimate the 

relationship between a MATCH score and its biological relevance (where Δy > Δx; FP < 

x < 1.0), at the risk of loosing some important predictions through a type-2 error.  
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The “biological relevance of a MATCH score” (brm) for each of the hypothetical example 

alleles (m1 - m7) using Estimation Model 2 is as follows: 

 

brm1 (m1 = 1.0) = 1.000 

brm2 (m2 = 0.9) = 0.100 

brm3 (m3 = 0.85) = 0.010 

brm4 (m4 = 0.8) = 0.001 

brm5 (m5 = 0.7) = 0.000 

brm6 (m6 = 0.6) = 0.000 

brm7 (m7 = 0.5) = 0.000 

 

1.7.12.1 Calculating Example Potential Scores (Estimation Model 2) 

example 1 - potential (m1, m7) = abs (1.000 - 0.000) = 1.000 

  m_per (m1, m7) = (100*abs(1.0 - 0.5))/1.0 = 50 % 

 

example 2 - potential (m1, m6) = abs (1.000 - 0.000) = 1.000 

  m_per (m1, m6) = (100*abs(1.0 - 0.6))/1.0 = 40 % 

 

example 3 - potential (m1, m5) = abs (1.000 - 0.000) = 1.000 

  m_per (m1, m5) = (100*abs(1.0 - 0.7))/1.0 = 30 % 

 

example 4 - potential (m1, m4) = abs (1.000 - 0.001) = 0.999 

  m_per (m1, m4) = (100*abs(1.0 - 0.8))/1.0 = 20 % 

 

example 7 -  potential (m1, m3) = abs (1.000 - 0.010) = 0.990 

  m_per (m1, m3) = (100*abs(1.0 - 0.85))/1.0 = 15 % 
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example 11 - potential (m1, m2) = abs (1.000 - 0.100) = 0.900 

  m_per (m1, m2) = (100*abs(1.0 - 0.9))/1.0 = 10.0 % 

 

example 10 - potential (m2, m4) = abs (0.100 - 0.001) = 0.099 

  m_per (m2, m4) = (100*abs(0.9 - 0.8))/0.9 = 11.1 % 

 

example 5 - potential (m3, m6) = abs (0.010 - 0.000) = 0.010 

  m_per (m3, m6) = (100*abs(0.85 - 0.6))/0.85 = 29.4 % 

 

example 6 - potential (m3, m5) = abs (0.010 - 0.000) = 0.010 

  m_per (m3, m5) = (100*abs(0.85 - 0.7))/0.85 = 17.6 % 

 

example 8 - potential (m4, m7) = abs (0.001 - 0.000) = 0.001 

  m_per (m4, m7) = (100*abs(0.8 - 0.5))/0.8 = 37.5% 

 

example 9 - potential (m4, m5) = abs (0.001 - 0.000) = 0.001 

  m_per (m4, m5) = (100*abs(0.8 - 0.7))/0.8 = 12.5 % 

 

example 12 - potential (m5, m7) = abs (0.000 - 0.000) = 0.000 

  m_per (m5, m7) = (100*abs(0.7 - 0.5))/0.7 = 28.6 % 

 

example 13 - potential (m6, m7) = abs (0.000 - 0.000) = 0.000 

  m_per (m6, m7) = (100*abs(0.6 - 0.5))/0.6 = 16.7 % 

 

example 14 - potential (m5, m6) = abs (0.000 - 0.000) = 0.000 
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  m_per (m5, m6) = (100*abs(0.7 - 0.6))/1.0 = 14.3 % 

 

example 15 - potential (m1, m1) = abs (1.000 - 1.000) = 0.000 

  m_per (m1, m1) = (100*abs(1.0 - 1.0))/1.0 = 0.0 % 

 

example 16 - potential (m3, m3) = abs (0.010 - 0.010) = 0.000 

  m_per (m3, m3) = (100*abs(0.85 - 0.85))/0.85 = 0.0 % 

 

example 17 - potential (m5, m5) = abs (0.000 - 0.000) = 0.000 

  m_per (m5, m5) = (100*abs(0.7 - 0.7))/0.7 = 0.0 % 

 

example 18 - potential (m7, m7) = abs (0.000 - 0.000) = 0.000 

  m_per (m7, m7) = (100*abs(0.5 - 0.5))/0.5 = 0.0 % 

 

1.7.13 Comparison of Estimation Model 1 and Estimation Model 2 Ranked 

Examples 

 

1.7.14 Estimation Model 1 ranked examples 

Examples are ranked from left to right. 

(1 = 2 = 3) > 4 > (5 = 6 =7) > (8 = 9 = 10 = 11) > (12 = 13 = 14 = 15 = 16 = 17 = 18) 

 

1.7.15 Estimation Model 2 ranked examples  

Examples are ranked from left to right. 

(1 = 2 = 3) > 4 > 7 > 11 > 10 > (5 =6) > (8 = 9) > (12 = 13 = 14 = 15 = 16 = 17 = 18) 
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Re-ranking the previous examples using Estimation Model 2 promoted examples 7, 11 

and 10 (highlighted in red) in rank because their “potential” scores are much higher in 

the exponential model when compared with the linear model. Although Estimation 

Models 1 and 2 rank some of the example pairs differently, they both elevate the 

polymorphisms with the largest potential scores to the top. 
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1.7.15.1 Definition - biological relevance of a polymorphic site (brps) 

This is a logarithmic transformation of the maximum of a polymorphisms brm1 and brm2, 

and reflects how biologically relevant a polymorphic site is.  

 

Equation 12 - Biological Relevance of a Polymorphic Site (brps) 

brps = -log(1.0000001 - max(brm1,brm2))  

 

The “biological relevance of a polymorphic site” is calculated using the larger of the two 

allelic biological relevance scores (brm1 or brm2). This log transformation helps to 

visually separate the highest ranking polymorphisms from the majority so the distribution 

of millions of results can be displayed simultaneously without obscuring the most 

interesting results (Figure 24 page 60) 
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1.7.16 Viewing a Ranked Set of Delta-MATCH Potential Scores Graphically 

It is the purpose of the Delta-MATCH algorithm to rank a list of polymorphisms by their 

order of importance. There are several ways to view the distribution of millions of ranked 

Delta-MATCH scores simultaneously. Each viewing method has the advantage of either 

displaying very large distributions of polymorphisms, or displaying only those biologically 

relevant polymorphisms ranked by descending order of their importance. The following 

graphs/plots show the results for 4,547,844 polymorphisms that have been searched by 

Delta-MATCH using the NF-kB TFBS matrix V$NFKB_Q6 (FP threshold cutoff = 0.955). 

1 

• Density Plot of the Allelic MATCH Scores for 4,547,844 Polymorphisms (NF-kB) 

(Figure 21 page 56) 

• Count Versus Biological Relevance of a MATCH Score (Figure 22 page 57) 

• Absolute Difference in MATCH Score vs. Larger MATCH Score of a 

Polymorphism (Figure 23 page 58) 

• Potential Score Versus Biological Relevance of a Polymorphic Site (Figure 24 

page 60) 

• Potential Score Versus Absolute Percent Difference in MATCH Score (Figure 25 

page 61)  

• Rank versus potential score versus absolute percent difference in MATCH score 

for 950 high-value polymorphisms (3-D plot) (Figure 26 page 61) 

                                                
1 Note: the “Potential Score Versus Absolute Percent Difference in MATCH Score” 

and the “Rank versus potential score versus absolute percent difference in MATCH 

score for 950 high-value polymorphisms (3-D plot)” best visually separate 

polymorphisms with equivalent potential scores. 
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Figure 21 Density Plot of the Allelic MATCH Scores for 4,547,844 Polymorphisms 

(NF-kB) 

This is a plot of the allelic MATCH scores for 4.5 million polymorphisms. For every 

polymorphism the highest MATCH score for allele 1 (y-axis) is plotted versus the highest 

MATCH score for allele 2 (x-axis). 

 

Each pixel of this plot represents the number of polymorphisms with a particular 

combination of allele 1 and allele 2 MATCH scores. The number of polymorphisms at 

each pixel is color-coated by the density of counts using the heat map on the right. 

Dotted lines representing the NF-kB cutoff threshold score (FP = 0.955) are shown. Only 

950 of 4.5 million polymorphisms are positioned either above the dotted line in the y-

axis, or to the right of the dotted line in the x-axis, and are cases where at least one of 

the two alleles has a MATCH score greater than or equal to the threshold (those red 
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points positioned under the black arrows). It can be seen in this graph that relatively few 

(409) of the 4.5 million searched polymorphisms have potential scores greater than 0.3 

(Figure page 27). It is the purpose of the Delta-MATCH algorithm to rank these 950 NF-

kB results by their order of importance. 

 

Figure 22 Count Versus Biological Relevance of a MATCH Score 

This plot shows the cumulative count of polymorphisms having less than or equal to a 

particular ‘biological relevance of a MATCH score” (brm) (Definition page 34). The 

“larger polymorphism MATCH score” (m_max) (Equation 5 page 20) for each 

polymorphism is plotted on the x-axis. 
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Figure 23 Absolute Difference in MATCH Score vs. Larger MATCH Score of a 

Polymorphism (the ranked distribution) 

This is the ranked distribution for 4,547,844 polymorphisms that have been evaluated 

with the NF-kB TFBS matrix (V$NFKB_Q6). Results are ranked in descending order of 

importance firstly from top to bottom, and secondly from right to left. This graph has the 

advantage that it shows the ranked distribution of all polymorphisms regardless of their 

potential score. The “absolute difference in MATCH score” is plotted (y-axis), versus the 

“larger polymorphism MATCH score” (m_max) (Equation 5 page 20) (x-axis).  
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This color density map shows the bulk of these polymorphisms are “biological irrelevant” 

(less than FP = 0.955 on the x-axis) (page 30) and most have very low differences in 

MATCH score (low on the y-axis). The Delta-MATCH Query Tool will return results in 

descending order or importance, from the highest ranking polymorphisms (upper right 

quadrant) to the lowest ranking polymorphisms (lower left quadrant). 
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Figure 24 Potential Score Versus Biological Relevance of a Polymorphic Site 

This is the ranked distribution for 950 “biologically relevant” (Definition page 30) 

polymorphisms that have been evaluated with the NF-kB TFBS matrix (V$NFKB_Q6). 

The values in this figure are left-bounded by the equation: (y = -log(1.0000001 -X)). 

These results are ranked by descending order of importance, firstly from top to bottom, 

and secondly from right to left. This graph has the advantage that it only shows the 

distribution of scores for polymorphisms with an allelic MATCH score (m1 and/or m2) 

greater than the false positive cutoff score (FP = 0.955). It has the affect of removing 

“biologically irrelevant” polymorphisms from consideration. 
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Figure 25 Potential Score Versus Absolute Percent Difference in MATCH Score  

These results are ranked in order firstly from top to bottom, and secondly from right to 

left. This graph has the advantage that it only shows the distribution of scores for 

polymorphisms (n = 950) with allelic MATCH scores (m1 and/or m2) greater than the 

false positive cutoff score (FP = 0.955). Note the largest value of m_per is less than or 

equal to 17 because this is the maximum effect a single base change can have for the 

V$NFKB_Q6 matrix (having a polymorphic base aligning to matrix base position 4 or 6). 
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Table 3 Distribution of Delta-MATCH Hits for Matrix Name V$NFKB_Q6 

This is the distribution of the 950 ”biologically relevant” polymorphisms binned by 

potential scores (Definition page 30) into 0.1 intervals  

 

 

potential number of 
hits >= 

potential

percent of 
hits >= 

potential

0.0 950 100.0

0.1 671 70.6

0.2 671 70.6

0.3 409 43.1

0.4 333 35.1

0.5 179 18.8

0.6 72 7.6

0.7 71 7.5

0.8 61 6.4

0.9 61 6.4

1.0 7 0.7
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Figure 26 Rank versus potential score versus absolute percent difference in 

MATCH score for 950 high-value polymorphisms (3-D plot) 

This is a 3-dimensional plot (rank versus potential score versus absolute percent 

difference in MATCH score) for the 950 “biologically relevant” polymorphisms having 

allelic MATCH scores (m1 and/or m2) greater than or equal to the V$NFKB_Q6 false 

positive cutoff score (FP = 0.955). Those polymorphisms having both a large potential 

score and a large absolute percent difference in allelic MATCH scores are ranked 

highest and have the strongest potential to create an allele-specific transcription factor 

binding site. 
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1.7.17 How to Calculate the Rareness of a Single Delta-MATCH Result 

It is possible estimate the importance of a single Delta-MATCH result by examining the 

complete distribution of potential scores and calculating a value describing the rareness 

of an event. The rareness of a result (HITrareness) is the quotient of the number results 

with a potential score greater than or equal to the specified polymorphism’s potential 

score, divided by the total number of polymorphisms searched. 

 

Equation 13 - Rareness of a Hit (HITrareness)  

HITrareness =  ( # of polymorphisms where potential >= Xpotential) / 

(total # of polymorphisms searched) 

 

1.7.18 Caveats of the Delta-MATCH Method 

It is important to remember that MATCH scores, and Delta-MATCH potential scores 

should not be directly compared across different TFBS matrixes (mat_ids) because the 

score distributions for each matrix is unique.  

 

1.7.18.1 Warning: Do Not Compare Absolute Potential Scores Across Different 

TFBS Matrixes 

 

As described in the original TRANSFAC BIOBASE publications, the distribution of 

MATCH scores for a given matrix name (mat_id) is dependent on the matrix length 

(mat_len) and its positional nucleotide diversity. These TFBS position-specific scoring 

matrixes were created by aligning the DNA sequences of the promoters of many genes 

that are known to be responsive to a given transcription factor, and then characterizing 
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the small and highly conserved nucleotide motifs common to the aligned ensemble set. It 

follows that Delta-MATCH potential scores can only be as accurate as a transcription 

factor binding site matrix represents a true binding site sequence. 

 

The minimum threshold score for many of the BIOBASE TRANSFAC matrixes have 

been empirically determined and are presented in Delta-MATCH as the BIOBASE false 

positive threshold cutoff score (FP). It is recognized that the Delta-MATCH potential 

scores are highly dependent on the proper estimation of the false positive cutoff scores. 

It may be the case that a FP score that underestimates the true biologically relevant 

cutoff might cause a Type -1 error (the enrichment of False Positive predictions in the 

Delta-MATCH database). Contrariwise, a FP score that overestimates the true 

biologically relevant cutoff might exclude important polymorphisms from further 

consideration by a Type-2 error (False Negatives). 

 

Note that in this version of Delta-MATCH, only 550 of the 584 vertebrate BIOBASE 

TFBS matrixes have their FP cutoff estimated because BIOBASE failed to provide the 

remaining 34 FP scores with the TRANSFAC database (version 10.2). Predictions for 

these 34 TFBS matrixes are inaccessible by the Delta-MATCH Query tool, but may 

become available in a future release if an estimation of the minimum cutoff value of 

biological relevance can be estimated. 
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1.8 The Delta-MATCH Algorithm 

1.8.1 Polymorphism Selection 

In this version of the Delta-MATCH database (version 1.0), 4,547,844 high value 

candidate polymorphisms (UCSC browser table hg18.snp126.name) have been scored 

and ranked by the Delta-MATCH algorithm to determine their “potential” to create an 

allele-specific transcription factor binding site. These high-value polymorphisms were 

selected if they were either positioned within a 10,000 base pair window (10k upstream 

+ gene + 10k downstream) of any refSeq gene (UCSC browser table 

hg18.refGene.name2), or positioned within a region of high conservation anywhere in 

the human genome (UCSC browser hg18.phastCons17way). 

 

Figure 27 Location of SNPs Evaluated by Delta-MATCH 
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1.8.2 Polymorphism Exclusions 

Polymorphisms were excluded from consideration if they: 

• mapped to more than one chromosomal position (mapped ambiguously) 

• were not a biallelic nucleotide polymorphism (had more than two allele states) 

• were positioned in a microsatellite region 

• were positioned in a region of simple repeats (low complexity) 

• were positioned in a region of a large insertion/deletion 

 

1.8.3 Creating Double-Stranded DNA Allele Sequences 

During the scoring algorithm, the 61 base pairs of double-stranded DNA sequence 

surrounding each polymorphism was retrieved from, and oriented to, the plus strand of 

the UCSC human genome (build 36) using a DAS DNA sequence retrieval web tool. For 

example this URL: 

(http://genome.ucsc.edu/cgi-bin/das/hg18/dna?segment=chr20:50396817,50396877)  

will retrieve the 61 bases surrounding the SNP rs6013444. 
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Figure 28 The 61 Base Pairs of DNA Sequence Surrounding rs6013444 in the 

UCSC Genome Browser (Mar. 2006 Assembly) 
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Figure 29 The DAS DNA Sequence Retrieval Web Tool (retrieving the 61 bp 

sequence surrounding rs6013444) 

 

 

After retrieving the dsDNA sequence, two alternate 61 base pair double-stranded allelic 

sequences were created, one for allele 1 and another for allele 2. In the Delta-MATCH 

database allele 1 is always the base referenced by the UCSC genome browser 

(hg18.snp126.refUCSC) and is commonly referred to as the major allele. Allele 2 is the 

alternately observed allele at the polymorphic site. Please note that the double-stranded 

DNA sequences representing allele 1 and allele 2 were always created and polarized to 

the plus sense strand of the genome. In other words, care was taken to make sure that 

when an rsnumber (hg18.snp126.name) was identified on the minus strand 

(hg18.snp126.strand = “-”) of a human chromosome, the sequence of allele 1 reflected 

the plus sense strand of the human genome centered around the polymorphic allele, and 

the base on the plus strand was the “reverse complement” of the UCSC 

(hg18.snp126.refUCSC)  reference base. 
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1.8.4 Computing the Highest MATCH Scores 

The “highest calculated MATCH score” for each polymorphism allele, for each 

transcription factor, was identified. For each polymorphic allele, a separate MATCH 

score was calculated after aligning each position of each matrix with the position of a 

polymorphic allele sequence, along both the plus sense and minus sense strands. 

(Figure 30 page 73).  

 

In order to minimize the computational effort, MATCH scores were calculated only at 

those positions where the matrix overlapped the polymorphic base. Thus identifying the 

“highest MATCH” score required calculating from as few as 12 (mat_len = 6) to as many 

as 60 (mat_len = 30) independent MATCH scores per SNP allele, depending on the 

length of a TFBS matrix. 

 

Equation 14 - Number of Calculations on the Plus Strand (Numberplus) 

Numberplus = length of matrix 

 

Equation 15 - Number of Calculations on the Plus Strand (Numberminus) 

Numberminus = length of matrix 

 

Equation 16 - Number of Calculations Required to Find Highest Match (Numbertotal) 

Numbertotal = 2 x length of matrix 

 

When the matrix length is 6: 

Numbertotal = (2 x 6) = 12 (fewest) 



 

 71 

 

When the matrix length is 30: 

Numbertotal = (2 x 30) = 60 (most) 

 

1.8.5 Recording Delta-MATCH Scores 

The “strand” (s1 and s2), the “relative offset position” (p1 and p2), and the magnitude of 

the “highest calculated MATCH score” (m1 and m2) for each polymorphic allele, for each 

TFBS matrix, were recorded into the Delta-MATCH database.  

 

1.8.5.1 Definition - s1 and s2 

This is the strand (“+” or “-”) along where a TFBS matrix had its “highest calculated 

MATCH score” (m1 and m2) for allele 1 and allele 2. 

 

1.8.5.2 Definition - p1 and p2 

This is the relative offset position of the ‘highest calculated MATCH score” for allele 1 

and allele 2. This is the leftmost position of the TFBS matrix alignment relative to the 

position of the polymorphic base after aligning a matrix to the plus sense strand of the 

human genome build 36, March 2006. 

 

1.8.5.3 Definition - m1 and m2 

This is the magnitude of the “highest calculated MATCH score” for allele 1 and allele 2. 

The range of a m1 and m2 are from 0.0 to 1.0 (Figure 202 page 402). 
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1.8.6 Identifying the Highest MATCH Score for an Allele (Exhaustive Search) 

In the first half of the exhaustive search, the first iteration MATCH score was 

calculated for a given transcription factor matrix by aligning the leftmost position of the 

matrix with a position on the plus sense strand of the 61-mer so that the last (rightmost) 

position of the matrix overlaid the exact position of the polymorphic allele (Figure 30 

page 73). For the second iteration, the matrix was repositioned one base position to 

the right so that the last position of the matrix aligned on the plus sense strand of the 

61-mer exactly one base to the right of the polymorphic allele, and the MATCH score for 

this second iteration was recalculated. Subsequent iterations calculated MATCH 

scores after repositioning the matrix consecutively one base to the right on the plus 

sense strand. The first half of the search concluded after calculating the MATCH score 

where the first position of the matrix aligned on the plus sense strand exactly to the 

position of the polymorphic base. The second half of the exhaustive search followed 

exactly like the first half of the search, except that all MATCH scores were calculated 

after aligning to the sequence at positions relative to the minus sense strand of the 61-

mer double-stranded DNA alleles (the reverse complement sequence of the plus sense 

strand). 

 

1.8.7 Why Was a 61 Base Pair Length of Sequence Chosen? 

The 61 base pair length of alleles was chosen specifically to allow an exhaustive search 

by the longest vertebrate transcription factor matrix. The longest matrix in the 

TRANSFAC database is 30 base pairs long (mat_id = V$HOX13_01, and V$PAX4_04). 

Retrieving the 30 base pairs upstream of the leftmost, and downstream of the rightmost 

positions of a polymorphic site (relative to the plus strand) assured that every position of 
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the resulting double-stranded DNA allele could have its MATCH score calculated (61 bp 

= 30 bp upstream + 1 polymorphic base + 30 bp downstream). 

 

Figure 30 Determining the highest MATCH scores for a pair of alleles 

The highest MATCH score for an allele can be identified after calculating a separate 

MATCH score for every possible alignment between a hypothetical transcription factor 

binding site matrix (e.g. matrix length = 6 bp) and a segment of double-stranded 

oligonucleotide sequence containing a single nucleotide polymorphism (plus strand; 

allele 1 = “A”; allele 2 = “C”). Both the plus and minus sense strands are searched. The 

black rectangle designates the region of DNA sequence that was scored by the matrix in 

order to determine the highest MATCH scores for the pair of alleles. In this example 

twelve separate MATCH scores were calculated for each allele. The number of MATCH 

score iterations required to calculate the highest MATCH score for an allele is equal to 

twice the length of the matrix (2 x 6 = 12). 
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In turn, each of these 61-mers were MATCH scored against the 550 vertebrate 

transcription factor binding site matrixes provided by the BIOBASE TRANSFAC where 

the false positive cutoff (FP) has been estimated (database version 10.2) (Table 43 page 

405). For each allele of every polymorphism, the position, strand, and the magnitude of 

the highest MATCH score was recorded for each of 550 vertebrate transcription factor 

matrixes  

 

Equation 17 - Number of MATCH scores calculated 

= (# of matrixes) x (# of alleles) x (# of SNPs) x (# of strands) x (sum of matrix 

lengths) = (550 x 2 x 4,547,844 x 2 x 7,387) = 7.39x1013  

 

Equation 18 - Number of highest MATCH scores recorded into the Delta-MATCH 

database 

= (# of matrixes) x (# of alleles) x (# of SNPs)  = (550 x 2 x 4,547,844) = 5.00x109 
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1.9 The Delta-MATCH Database 

The Delta-MATCH database is a collection of MySQL database tables that can be cross-

referenced with the Delta-MATCH Query Tool. Some of these tables have been adopted 

from public resources such as UCSC Genome Browser. Others have been developed 

from supplementary data tables from published literature. The details of the Delta-

MATCH database architecture, and scripts that may reconstruct some of these 

accessory resources are available in the Appendix (page 408). 

 

1.9.1 How Many Results Are In the Delta-MATCH Database? 

Exactly 4,547,844 polymorphisms have been searched against 550 (high and low 

quality) vertebrate transcription factor matrixes. From these searches, there were 

6,206,823 “Delta-MATCH hits” identified and recorded. All of these calculated scores 

are accessible with the Delta-MATCH Query Tool. 

 

1.9.1.1 Definition - Delta-MATCH hit or result 

A result is any instance when a polymorphism is scored against a transcription factor 

matrix using the Delta-MATCH algorithm and at least one of the two allelic MATCH 

scores (m1 or m2) is greater than or equal to the false positive threshold cutoff (FP page 

31) for that matrix. Each of the 550 TFBS matrixes has a unique list of ranked results. 

 

It is noteworthy that there are a disproportionate number of hits in the Delta-MATCH 

Database derived from the 183 “low quality” matrixes (hits = 4,682,078) when compared 

with the 367 “high quality” matrixes (hits = 1,524,745). This means that 75.4% of the 
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Delta-MATCH results can be filtered away by requiring “high quality” matrix results (page 

104). 

 

1.9.2 No Correlation Between Matrix Length and Number of Delta-MATCH Hits 

There does not appear to be a strong correlation between TFBS matrix length and the 

number of Delta-MATCH hits (correlation coeff = -0.67). There are relatively few hits for 

matrixes longer than 26 base pairs (with the exception where mat_len >= 29 and the  

quality is “low”). More generally, it can be said that there are proportionally more hits for 

shorter length low quality matrixes, relative to the high quality matrixes (Figure 32 page 

78). 
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Table 4 Distribution of Delta-MATCH Hits and Counts for High and Low Quality 

Matrixes 

 

 

 

num_hits num_hits num_hits count count count

quality all high low all high low

sum 6,206,823 1,524,745 4,682,078 550 183 367

mat_len

6 129,757 0 129,757 8 8 0

7 440,453 26,283 414,170 17 15 2

8 466,381 52,354 414,027 43 21 22

9 458,683 12,591 446,092 36 24 12

10 337,392 90,224 247,168 58 25 33

11 360,331 48,267 312,064 42 17 25

12 569,356 265,247 304,109 61 15 46

13 548,642 85,675 462,967 49 18 31

14 435,482 156,574 278,908 53 9 44

15 753,734 198,551 555,183 41 9 32

16 108,030 69,307 38,723 37 3 34

17 319,615 209,654 109,961 12 3 9

18 445,874 112,437 333,437 25 6 19

19 158,288 10,792 147,496 12 4 8

20 1,185 1,185 0 6 0 6

21 283,172 83,238 199,934 15 4 11

22 2,852 2,852 0 8 0 8

23 118,914 21,126 97,788 4 1 3

24 46,566 46,566 0 6 0 6

25 1,112 1,112 0 4 0 4

26 0 0 0 1 0 1

27 803 803 0 5 0 5

28 595 595 0 3 0 3

29 28,981 28,981 0 2 0 2

30 190,625 331 190,294 2 1 1

corr. coef. -0.674442 -0.345665 -0.697968
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Figure 31 Number of Delta-MATCH Results vs. Matrix Length for 4.5 Million Hits 

 

Figure 32 Count of Matrixes vs. Matrix Length For High and Low Quality Matrixes 
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Figure 33 The Delta-MATCH Website, http://deltamatch.org 

At the Delta-MATCH website (http://deltamatch.org) it is possible to query the Delta-

MATCH database to identify lists of polymorphisms that are predicted to create allele-

specific transcription factor binding sites. Online queries may be submitted using a 

series of radio buttons, drop-down menus, and text fields. 
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Figure 34 The Delta-MATCH website hosts tutorials, examples, and downloadable 

data tables.  

Users may choose to view Delta-MATCH tables as a custom track in the UCSC human 

genome browser. 
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1.9.3 The Delta-MATCH Query Tool Search Engine (version 1.0) 

The Delta-MATCH Query Tool is a PHP web-based tool that allows users to identify from 

a database of over 4.5 million human SNPs, those polymorphisms (rsnumbers) that 

have a strong “potential” to create an allele-specific transcription factor binding site.  

 

1.9.4 Creating a Delta-MATCH Query 

Users may create a query by selecting the appropriate radio buttons, check boxes 

and drop-down menus to select the best constellation of parameters before searching 

the database by pressing of the “Submit” button.  
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Figure 35 List of selectable parameters at the Delta-MATCH website 
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1.9.5 Creating a Query Using the Delta-MATCH Query Tool 

Three steps are required to create a query using the Delta-MATCH Query Tool 

 

• STEP 1 - Select Matrix Names 

• STEP 2 - Add Restriction Criteria 

• STEP 3 - Press the Submit Button 

 

By default, the Delta-MATCH Query Tool will attempt to return the complete list of 

polymorphisms (rsnumbers) for each of the selected transcription factor matrix names in 

STEP 1.  

 

In STEP 2, users may select from a list of greater than 20 additional selection criteria 

using radio buttons, drop down menus, and text fields. Only those rsnumbers that satisfy 

the complete set of criteria will be returned.  

 

For example, a maximum of 950 rsnumbers may be returned for the NK-kB 

(V$NFKB_Q6) transcription factor matrix. In other words, after searching 4.5 million 

polymorphisms, only 950 of these were considered “biologically relevant” and may have 

the “potential” create allele-specific NF-kB binding sites (page 55). The following figure 

(Figure 36 page 84) and table (Figure 37 page 85) show the number of polymorphisms 

that will be returned when additional parameters are selected using the V$NFKB_Q6 

matrix.  
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Figure 36 The number of Delta-MATCH hits returned is dependent on the 

parameters selected 

Users may search the Delta-MATCH database and identify polymorphisms with allelic 

MATCH scores (m1 and/or m2) greater than or equal to the matrix cutoff threshold using 

up to 550 vertebrate transcription factor binding site matrixes. When additional 

parameters are selected, only those rsnumbers that satisfy all of the selected criteria 

(the intersection) are returned. The Delta-MATCH Query Tool will return up to 950 

rsnumbers for the NFKB transcription factor matrix (V$NFKB_Q6) or a subset of these 

depending on what parameters are selected: (a = Table 1 rows 1 through 9) minor allele 

frequency; (b = rows 10 through 20) potential score; (c = rows 21 through 28) 

polymorphism location; (d = rows 29 through 40) assorted criteria; (e = rows 41 through 

55) Affymetrix; (f = 56 through 69) Illumina (see Supplemental Table 1 for a detailed 

description of each set of lettered parameters).2 

 

                                                
2 Supplemental Table 1 (Figure 37 page 85) 
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Figure 37 Number of Hits Returned vs. Parameter (Description) 

 

 

Order Parameter (Description) Number

1 total number of hits (rsnumbers) for the matrix V$NFKB_Q6 950

2 with a MAF >= 0.0 950

3 with a MAF >= 0.01 447

4 with a MAF >= 0.1 334

5 with a MAF >= 0.2 273

6 with a MAF >= 0.3 217

7 with a MAF >= 0.4 138

8 with a MAF >= 0.5 12

9 with a MAF >= 0.6 1

10 with potential >= 0.0 950

11 with potential >= 0.1 671

12 with potential >= 0.2 671

13 with potential >= 0.3 409

14 with potential >= 0.4 333

15 with potential >= 0.5 179

16 with potential >= 0.6 72

17 with potential >= 0.7 71

18 with potential >= 0.8 61

19 with potential >= 0.9 61

20 with potential >= 1.0 7

21 located in an intron 615

22 located within 10kb downstream of a gene 150

23 located within 10kb upstream of a gene 142

24 located in a region of conservation (phastcons17) 89

25 located in an exon 59

26 located in a conding region 30

27 located in an 3' untranslated region 23

28 located in an 5' untranslated region 6

29 associated with a HUGO gene name (REF) 486

30 located in a region of known copy number variation (REF) 281

31 located next to a HUGO gene that has a Gene Ontology term 'transcription' (REF) 71

32 located in a PReMod module region (REF) 52

33 located on chromosome 8 42

34 located within 2000 bases of a known transcriptonal start site, and 2000 bases of a known translational start site 35

35 located next to a HUGO name that has a term 'kinase' 33

36 associated as a candidate polymorphism for HIV-1 progression 15

37 number of hits with a Bonferonni-adjusted rareness <= 0.005 7

38 the top 5 highest ranked results 5

39 located within a 2000 bp window around the genes TLR9, JPH2 or PLAT 4

40 located between base pair 128,100,000 and 128,700,000 1

41 located on an Affymetrix 10k SNP CHIP 2

42 located on an Affymetrix 100k SNP CHIP 9

43 located on an Affymetrix 500k SNP CHIP 59

44 located on,  or in LD (pop =European; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Affymetrix 500k SNP CHIP 134

45 located on,  or in LD (pop =European; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Affymetrix 500k SNP CHIP 152

46 located on,  or in LD (pop =European; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Affymetrix 500k SNP CHIP 166

47 located on,  or in LD (pop =Chinese; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Affymetrix 500k SNP CHIP 134

48 located on,  or in LD (pop =Chinese; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Affymetrix 500k SNP CHIP 150

49 located on,  or in LD (pop =Chinese; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Affymetrix 500k SNP CHIP 162

50 located on,  or in LD (pop =Japanese; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Affymetrix 500k SNP CHIP 132

51 located on,  or in LD (pop =Japanese; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Affymetrix 500k SNP CHIP 152

52 located on,  or in LD (pop =Japanese; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Affymetrix 500k SNP CHIP 167

53 located on,  or in LD (pop =African; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Affymetrix 500k SNP CHIP 101

54 located on,  or in LD (pop =African; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Affymetrix 500k SNP CHIP 112

55 located on,  or in LD (pop =African; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Affymetrix 500k SNP CHIP 127

56 located on the Illumina Hap300 SNP CHIP 31

57 located on the Illumina Hap550 SNP CHIP 57

58 located on,  or in LD (pop =European; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Illumina Hap550 SNP CHIP 140

59 located on,  or in LD (pop =European; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Illumina Hap550 SNP CHIP 152

60 located on,  or in LD (pop =European; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Illumina Hap550 SNP CHIP 177

61 located on,  or in LD (pop =Chinese; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Illumina Hap550 SNP CHIP 140

62 located on,  or in LD (pop =Chinese; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Illumina Hap550 SNP CHIP 150

63 located on,  or in LD (pop =Chinese; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Illumina Hap550 SNP CHIP 178

64 located on,  or in LD (pop =Japanese; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Illumina Hap550 SNP CHIP 131

65 located on,  or in LD (pop =Japanese; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Illumina Hap550 SNP CHIP 154

66 located on,  or in LD (pop =Japanese; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Illumina Hap550 SNP CHIP 177

67 located on,  or in LD (pop =African; D' = 1.0; r^2 = 1.0) with a rsnumber on, the  Illumina Hap550 SNP CHIP 93

68 located on,  or in LD (pop =African; D' = 1.0; r^2 = 0.9) with a rsnumber on, the  Illumina Hap550 SNP CHIP 98

69 located on,  or in LD (pop =African; D' = 1.0; r^2 = 0.8) with a rsnumber on, the  Illumina Hap550 SNP CHIP 121
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Figure 38 Delta-MATCH Returns the Intersection of Restriction Criteria 
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1.9.6 Easy Mode vs. Expert Mode 

The Delta-MATCH Query Tool can be run in Easy Mode, or Expert Mode. Easy Mode 

enough parameters for the basic user, while the Expert Mode allows the user to ask very 

complicated queries using an expanded set of additional selection criteria.  

 

1.9.7 Easy Mode Selections 

• Single Transcription Factor Matrix Name 

• List of Transcription Factor Matrix Names 

• Transcription Factor Name 

• Tissue-Specific Transcription Factor Names 

• All Transcription Factor Names 

• Minimum Potential Score 

• Top Most Significant Hits 

• Matrix Quality 

• Sort Results Table 

• Search By rsnumbers 

• Search By Gene Names 
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1.9.8 Expert Mode Additional Selections 

• Show the Matrix Details 

• Show the Position Details 

• Chromosome 

• Position Range 

• Strand 

• Genomic Regions 

• Bonferonni Correction 

• Minimum Total Number of Hits 

• HUGO Names  

• Reflink 

• Distance From txStart or cdStart 

• Gene Ontology 

• Affymetrix 

• Illumina 

• HapMap 

• HIV-1 Candidate Genes 

• Copy Number Variation 

• PReMod Modules 

• UCSC rsnumber Details 

 



 

 89 

Figure 39 Delta-MATCH Easy Mode Input Page 
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Figure 40 Additional Parameter Fields Included in the Expert Mode 
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1.10 Easy Mode 

 

1.10.1 STEP 1 - Select Matrix Names 

The “Delta-MATCH Hits” are internally organized as tables of ranked results in a MySQL 

database. Each transcription factor binding site matrix name (mat_id) has its own table 

of results (rsnumbers) that are ranked in descending order by the magnitude of their 

“Delta-MATCH potential score” (Definition page 30). 

 

Users must select one of the five primary matrix selection buttons: (1) “Single 

Transcription Factor Matrix Name”, (2) “List of Transcription Factor Matrix Names”, (3) 

“Transcription Factor Name”, (4) “Tissue-Specific Transcription Factor Names”, (5) “All 

Transcription Factor Matrix Names”. These five primary matrix selections determine 

which of the 550 BIOBASE TRANSFAC matrixes will be included for the given query 

(database version 10.2). These Matrixes can be of “high” or “low” quality. A list of these 

550 matrixes may be downloaded at the top of the Easy or Expert Mode web page (click 

the link that says “550 Vertebrate Transcription Factor Matrix Names” to download a file 

called “550_matrixes.txt”). 
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Figure 41 STEP 1 - Select Matrix Names 

 

 

1.10.1.1 Primary Matrix Selection Button 1 - Single Transcription Factor Matrix 

Name 

When the “Single Transcription Factor Matrix Name”” radio button is selected (the 

default), the user will choose one from the list of corresponding 550 matrix names 

(mat_id) provided by the BIOBASE group. The Delta-MATCH Query Tool can quickly 

identify those polymorphisms where the “highest calculated MATCH scores” are greater 

than or equal to the transcription factor matrix false positive (FP) cutoff score (see the 
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MATCH publication for a description of the False Positive cutoff scores [1]). The number 

of “biologically relevant” (page 30) polymorphisms for each TFBS matrix is labeled in 

parentheses after the “mat_id” name. For example, when 4.5 million polymorphisms 

were calculated against the “V$NFKB_Q6” transcription factor matrix, there were 950 

“Delta-MATCH Hits” recorded into the database [V$NFKB_Q6 (950)]. Each of these 950 

rsnumbers had at least one allelic MATCH score (m1 or m2) greater than or equal to the 

false positive cutoff (0.955). Note that some transcription factor matrix names have 

literally tens of thousands of rsnumber hits associated with them. Others have none. The 

number of hits identified for a given matrix was dependent on both the length of the 

matrix (in base pairs), and the diversity of its position-specific scoring matrix (nucleotide 

position-specific probability distribution). 

 

1.10.1.2 Primary Matrix Selection Button 2 - List of Transcription Factor Matrix 

Names 

When the “List of Transcription Factor Matrix Names” radio button is selected, the 

user may type a comma separated list of transcription factor matrix names (mat_id). The 

number of the hand-typed characters must be less than or equal to 1024 characters, and 

each matrix name must be an exact match for those matrix names (mat_id) listed in the 

file “550_matrixes.txt”. 

 

1.10.1.3 Primary Matrix Selection Button 3 - Transcription Factor Name 

When the “Transcription Factor Name” radio button is selected, all of the matrix 

names (mat_id) corresponding to the selected “Transcription Factor Name” will be 

included in the search. There are 351 transcription factor names to select from (Table 42 

page 405). One or more matrixes may belong to a single transcription factor name. For 

example, “NF-kappaB” has six “high quality” transcription factor matrix names 
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associated with it (V$NFKAPPAB_01, V$NFKAPPAB50_01, V$NFKAPPAB65_01, 

V$NFKB_C, V$NFKB_Q6, and V$NFKB_Q6_01).  

 

1.10.1.4 Primary Matrix Selection Button 4 - Tissue-Specific Transcription Factor 

Names 

When the “Tissue-Specific Transcription Factor Names” radio button is selected, the 

transcription factor matrixes derived from the corresponding “Tissue Type” drop-down 

menu will be included in the search. A given transcription factor matrix may belong to 

more than one tissue type.  

 

1.10.1.5 Table - Tissues Types in the Delta-MATCH Query Tool 

• glioma_specific (n=145) 

• immune_cell_specific (n=113) 

• adipocyte_specific (n=68) 

• cell_cycle_specific (n=85) 

• liver_specific (n=112) 

• lung_specific (n=59) 

• muscle_specific (n=58) 

• nerve_system_specific (n=158) 

• pancreatic_beta_cell_specific (n=80) 

• pituitary_specific (n=62) 

• vertebrate_non_redundant (n=145) 

• nerve_and_immune_cell_specific (n=213) 

 

All of these tissue type groupings were provided by the BIOBASE team with the 

exception of the “glioma” selection, which was created by Alex Pico in the Conklin lab at 
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the Gladstone Institute of Cardiovascular Disease. The number of matrixes belonging to 

the each tissue type is labeled in parentheses. For example, the list of “glioma_specific” 

matrixes is comprised of 145 different TFBS matrixes. 

 

1.10.1.6 Primary Matrix Selection Button 5 - All Transcription Factor Matrix Names 

When the “All Transcription Factor Matrix Names” radio button is selected, every one 

of the 550 matrix names in the Delta-MATCH database will be searched. 

 

1.10.2 STEP 2 -Add Restriction Criteria 

There are many additional restriction criteria that users may want to include in a query. 

Each additional criterion (header names) may be selected by checking the appropriate 

“header name checkbox” ( ) on the far left of the input page. When a given header 

name is selected, the additional sub-selections to the right of a header name checkbox 

(drop down menus, text fields, upload buttons, and internal checkboxes) become 

activated and are included in the query. In this way it is easy to create very detailed and 

complicated queries with a few simple selection. 

 

During a query, if every header name checkbox is left unchecked, the Delta-MATCH tool 

will try to return the list of every rsnumber for every transcription factor matrix that is 

selected. Each header name is internally treated as an independent selection criterion, 

and once checked, only the rsnumbers that meet (the intersection) of all of the criteria 

will be returned in the results page (Figure page 86). 

 

The default query searches only a single transcription factor matrix (V$NFKB_Q6), and 

has the “Minimum Potential Score”, “top Most Significant Hits”, and “Matrix Quality” 
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header names checked and set to “0.8”, “5”, and “high” respectively. This default 

constellation of parameters creates a fairly restrictive search for against a single matrix, 

and can return a result almost instantly (Example 1 page 137).  

 

1.10.2.1 Warning - Please Read About Each Restriction Criteria Before Checking 

Everything in Sight 

 

1.10.2.2 Minimum Potential Score 

When the “Minimum Potential Score” checkbox is checked, only those polymorphisms 

with a “Delta-MATCH potential score” (potential) greater or equal to the corresponding 

value will be returned (page 30). The minimum potential score may range from 0.0 to 

1.0. A high potential score predicts that the two alleles for the corresponding 

polymorphisms have strong differences in transcription factor binding affinity. A potential 

score of 1.0 is calculated when one of the polymorphisms alleles creates a transcription 

factor binding site that matches the optimal binding site motif defined by the 

corresponding transcription factor matrix (MATCH score equals 1.0), while the other 

allele creates a binding site with a MATCH score less than or equal to the matrix name’s 

false positive (FP) cutoff.  

 

It is expected that when comparing the potential score between two separate rsnumbers 

for the same transcription factor matrix name, the polymorphism with the larger potential 

score is predicted to have a larger difference in transcription factor binding affinity 

between its two alleles.  

 



 

 103 

1.10.2.3 Warning - Don’t compare the potential scores between different matrix 

names 

It is not appropriate to directly compare the potential scores derived from different matrix 

names (mat_ids) because the distribution of Delta-MATCH hits for a given matrix is 

dependent on the length and accuracy of the matrix’s probability distribution, and the 

accuracy at which its false positive threshold has been empirically estimated.  

 

1.10.2.4 Selecting the best Minimum Potential Score Value (potential >= 0.3) 

It is recommended starting your first queries with a relatively high “minimum potential 

score” cutoff (0.8 <= potential <= 1.0). Queries with high minimum potential score cutoffs 

will be the most stringent and will result in and shorter lists results. However, if more 

results are desired, it is possible to increase the number of hits returned for a given 

matrix name by lowering the “Minimum Potential Score” value. It is noteworthy that many 

of the rsnumber hits with lowest potential scores (potential <= 0.3) may be false positive 

predictions. For this reason it is generally recommended not to decrease the potential 

cutoff below 0.3. Keeping the potential cutoff higher than 0.3 should have the effect of 

filtering away roughly half of the lowest scoring Delta-MATCH hits for most matrixes. For 

example, the distribution of Delta-MATCH hits for the V$NFKB_Q6 matrix shows that 

roughly half (56.9%) of its hits have potential scores less than or equal to 0.3 (Table 

page 62). If every result for a given matrix is wanted (the number in the parentheses in 

STEP 1 selection 1), simply uncheck the “Minimum Potential Score” box. This will 

force the DMQT to return all the hits for each matrix name (or up to the number selected 

by the “Maximum Returned rsnumbers” check box) selected regardless of their potential 

score.  
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Figure 42 Minimum Potential Score Input 

 

 

1.10.2.5 Top Most Significant Hits 

When the “Top most Significant Hits” checkbox is checked, this maximum number of 

polymorphisms will be returned for each of the matrix names passing the primary 

selection criteria in STEP 1. This value may range from 1 up to 1500. Note however, the 

maximum total number of results returned by the DMQT will be 1500 regardless of other 

parameters chosen. 

 

Figure 43 Top Most Significant Hits  

 

 

1.10.2.6 Matrix Quality 

When the “Matrix Quality” checkbox is checked the matrixes selected in the primary 

matrix selection are filtered to only include the specified “high” or “low” quality matrixes 

as defined by BIOBASE TRANSFAC. A listing of the quality of each matrix can be found 

in the file “500_matrixes.txt” where a “1” is equivalent to “high” quality, and a “0” is 

equivalent to “low” quality. If this is left unchecked, both “high” and “low” quality matrix 

results will be returned. 
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Figure 44 Matrix Quality Input 

 

 

1.10.2.7 Sort Results Table 

By default, results will be grouped by matrix name, and returned in descending order of 

their potential score (rsnumbers with the largest “potential” scores are returned first). 

However, when the “Sort Results Table” checkbox is checked, it is possible to sort the 

final results table in a number of ways. The results may be sorted by a set of descending 

(desc) and ascending (asc) parameter values. You may consider sorting the results by 

chromosomal position (a), by rsnumber (b), or by a descending value of their potential 

scores by selecting (c). 

 

Figure 45 Sort Results Table Input 

 

Figure 46 Sorting Selections 
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1.10.2.8 Search By rsnumbers 

When the “Search By rsnumbers” check box is checked, Delta-MATCH filters results 

to only include those listed in the corresponding “rsnumbers” text field. The typed list of 

comma-separated rsnumbers (dbSNP accession numbers) must match exactly those 

rsnumbers listed in the UCSC genome browser (UCSC hg18.snp126.name). A 

maximum of 1,024 characters may be typed into the “rsnumbers” text field.  

 

Figure 47 Search By rsnumbers 

 

 

1.10.2.9 Uploading a List of rsnumbers 

Alternatively, users may choose to upload a simple text file containing a list of up to 

10,000 rsnumbers by selecting the “Choose File” button. The text file should contain only 

the list of rsnumbers, one per line. If using MS-Word to create the upload file, be sure to 

save file as the type “MS-DOS Text”. An “example file” created using the UNIX “vi” editor 

is provided as a reference and may be viewed by clicking on its link. Note that when a 
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file is uploaded, the rsnumbers typed in the rsnumber text field are ignored. If an upload 

file is not ‘text/plain’, Error 8 will be returned (Figure 212 page 413). 

 

1.10.2.10 rsnumber Window 

When both the “Search By rsnumbers” and the “rsnumber Window” check boxes are 

checked, a positional window around every submitted rsnumber is searched to identify 

and return other polymorphisms that pass the remaining criteria. The length of the SNP 

window can be selected to include up to a maximum of 30,000 base pairs upstream and 

downstream of every submitted rsnumber. 

 

1.10.2.11 Search By Gene Names 

After the primary matrix button has been selected, the user may choose to limit the 

results to include those polymorphisms that are located “within” or in near proximity to a 

comma-separated list of gene names. When the “Search by Genes” check box is 

checked, the typed gene names are text matched against the corresponding “UCSC 

hg18 Table”. Names (or accessions) may match the “name2”, “name”, or “proteinID” 

fields in the following tables: “hg18.refGene”, “hg18.geneid”, “hg18.mgcGenes” and 

“hg18.knownGene”. The submitted “Gene Names” should be and exact match to the 

corresponding table field. Be sure to choose the appropriate “Name Type” for the 

corresponding “UCSC hg18 Table” (download the " gene_name_name2.txt” help file to 

see some examples). A maximum of 1,024 characters may be typed into the “Gene 

Names” text field. 

 

Figure 48 Search By Gene Names 
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1.10.2.12 Search for Gene Without Returning Results' (MOCK SEARCH) 

By default, when you select the “Search By Gene Names” checkbox, the “search for 

gene without returning results” checkbox is checked. Pressing submit starts a mock run 

that produces no output table after verifying the existence of the typed gene names and 

displaying their chromosomal position and associated accession numbers. This type of 

quick search should be performed before searching for a new gene, particularly when 

the exact spelling of a gene name (abbreviation) is unknown. After the results are 

returned, you my press the backward arrow in your gene browser to return to the input 

page, uncheck the “search for gene without returning results” checkbox, and start your 

search for real. If your gene name is not found, back up and try another set of gene 

names. 

 

When the “Search By Gene Names” check box and the “Gene Window” check box 

are both checked, all polymorphisms located given distance upstream or downstream of 

the designated genes will be included in the search. The length of the Gene Window can 

include up to 30,000 bp upstream and downstream of each gene in the “Gene Names” 

list. For example, when gene name “TLR9” is selected and matched against the name2 



 

 109 

field of the hg18.refGene table and the “Gene Window is set to the default of 2,000 base 

pairs, Delta-MATCH will search for all polymorphisms on human chromosome 3 

between base pairs 52228272 and 52236585. This search may identify additional 

polymorphisms 2,000 bases upstream and downstream of the TLR9 gene. 

 

1.10.2.13 What Happens When a Gene Name has Multiple Transcripts? 

If a specified gene name has more than one entry on the same chromosome in the 

specified UCSC hg18 table, the leftmost and rightmost positions of the set of transcripts 

will be used to designate the genes position. For example, when gene name “TLR9” is 

selected and matched against the name2 field of the refGene table, two matches are 

found. TLR9 corresponds to the name fields “NM_138688” and “NM_017442”. Delta-

MATCH summarizes that TLR9 is positioned on the negative strand of human 

chromosome 3, has a leftmost position equal to base pair 52230137 and a rightmost 

position equal to base pair 52235219, and would search for all polymorphisms within this 

range. 

 

Figure 49 TLR9 Isoforms 
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1.10.3 STEP 3 - Submit (press the submit button) 

 

When you have configured your query, press the “Submit” button to initiate your search.  

 

1.10.3.1 Hint - Opening Your Output Results Page in a New Tab (right click option)  

By default, a Delta-MATCH open the results page in either new tab or a new browser tab 

or in a new browser window. This function allows the user to keep the original Delta-

MATCH input page available for subsequent modification. In this way, it is possible to 

compare sets of results quickly by submitting slightly different constellations of 

parameters. 

 

Figure 50 The Delta-MATCH Output Results Page 
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1.10.3.2 A Delta-MATCH Query May Take Seconds or Minutes (up to tens of 

minutes)  

The default submission should only take a few seconds to return its results to the web 

browser. Most moderate level queries take no more than 5 or 8 minutes to complete. Be 

patient, and please do not submit multiple complex queries simultaneously. If the 

browser fails to return a result page after a reasonable period of time, stop the job by 

quitting the browser window. (Delta-MATCH has been tested primarily with Firefox and 

Safari Browsers). 

 

Complex queries that search many transcription factor matrixes (550 high and low 

quality matrixes) while combining computationally intensive restriction criteria (Hugo 

Name, Gene Ontology, Bonferonni Correction, Distance From txStart or cdStart, 

HapMap, Affymetrix, Illumina HIV-1 Candidate Genes, Copy Number Variation, 

PReMod) have a higher risk of bogging down. Theoretically, a query could try to return 

the entire list of database hits at once, but some safeguards are in place to try to shut 

down runaway processes. 

 

Presently there is a maximum 60-minute limit to the amount of time the Delta-MATCH 

Query Tool PHP script is allowed to run before returning a PHP timeout error. However, 

it should be realized that no matter how complicated a user makes a query, a maximum 

number of 1,500 results can be returned per query.  

 

As more users start to submit users, this maximum number of returned hits may be 

adjusted to allow all users optimal performance. 
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1.10.4 A Successful Delta-MATCH Run Creates 5 Output Files 

 

Figure 51 Download and save Delta-MATCH results as HTML, XML or TXT files 

Every Delta-MATCH query generates 5 separate output files that allow users to save the 

"Delta-MATCH Results Table" in three different file formats (table.html, table.xml and/or 

table.txt), to save a brief report of the query (report.html), and a log file that allows users 

to replicate the exact same query at a later time point with the click of a button (log.html). 
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After viewing the Delta-MATCH Query Results in the web browser, users may want to 

save copies of the results table (table.html, table.txt, table.xml), and a list of the 

parameters that were selected for the present search (log.html). At the top left of the 

output results page are links that allow the user to download the files for the current 

query. These files are removed from the server every 24-hours. Users may right-click 

one of these web links with your mouse and select to “download” the linked file. 

 

Figure 52 Right Click a Web Link To Download a Temporary Result Table or Log 

File (Firefox) 

 

 

Figure 53 Downloadable File of the Results Table (DM_*_table.html)  

 

This is a hypertext markup text file (html) of your results that once downloaded, can be 

viewed by opening it up with your favorite web browser. Users may want to save this file 

because it preserves active hyperlinks (blue underlined links) to other outside resources 
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that may want to be investigated later. Users also may want to save this file to review the 

color intensities of the hits (potential, m1, m2, m_per).  

 

Figure 54 Downloadable File of the Results Table (DM _*_table.txt) 

 

This is a simple text file (txt) of your results table. All html markups have been removed 

from this file (no embedded links). This file is tab separated and can be downloaded and 

opened up in a spreadsheet program. Some users may prefer to save this file in order to 

further sort and filter the results in a program like MS Excel. 
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Figure 55 Downloadable File of the Results Table (DM _*_table.xml) (viewed in text 

program) 

 

 

This is an extensible markup language (XML) file of the results table. Each cell value in 

the results table is marked up with a pair of embedded tags (<example_tag_name> 

example_tag_value </example_tag_name>). Similarly each resultant row is enclosed in 

a tag called “result”, and the entire file is enclosed with a tag called “results”. This file has 
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an “*.xml” extension in its name that if opened in a web browser will cause the file to be 

stripped of all of its XML tags as shown in the above figure. The file may be downloaded 

and opened with a text editor to see the tags clearly. 

 

Figure 56 Downloadable File of the Results Table (DM _*_table.xml) (viewed in text 

web browser) 

 

 

Delta-MATCH provides users may want to use the downloaded XML files to parse out 

and save a limited number of column field types, and may build their own parsers by 

downloading the XML partner DTD file (dm2_results.dtd) (page 408). 
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Figure 57 Downloadable Log File (DM_*_log.html) 

This html file shows of all of the input parameters for the present query. It is 

recommended that users download and save this log file as a record of an interesting 

search because it provides the ability to repeat the same search at another time point 

without using the standard input page. Pressing the submit button will reinitiate a new 

query using the exact same set of parameters at http://deltamatch.org if you are 

connected to the internet. (Presently, log files for searches having the “Search By 

rsnumbers” header name checked will produce Error 3 when resubmitted, page 410). 

 



 

 118 

1.10.5 Viewing Delta-MATCH Data as UCSC Genome Browser Tracks 

It is possible to visually view the position and details of Delta-MATCH results by viewing 

their potential scores as they align to the human genome (hg18) in the UCSC Genome 

Browser (Figure 58 page 119). To do this, perform the following: 

• download the appropriate tracks from the Delta-MATCH UCSC Browser Tracks 

downloads page 

• read and follow the instructions on the UCSC ‘Displaying and Managing Custom 

Tracks’ web page to install the Delta-MATCH track files for any wanted matrix 

names (examples V$NFKB_Q6, V$NFKB_C, V$NFKAPPAB_01) 

• open a new UCSC Genome Browser window 

• turn the “SNPs(126)” UCSC browser track to “pack” (located under “Variation and 

Repeats”) 

• turn the “Conservation” UCSC browser track to “squish” (located under 

“Comparative Genomics”) 

• turn the “Human mRNAs” UCSC browser track to “pack” (located under “mRNA 

and EST Tracks”) 

• press the “refresh” button 

• type an rsnumber into the ‘position/search’ window in the browser and press 

enter (example rs6031444) 

• click the link under “Simple Nucleotide Polymorphisms (dbSNP build 126) 

(snp126)” 

• zoom in to ‘base’ by pressing the ‘base’ button 
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If you followed the above instructions, you should see this: 

 

Figure 58 Delta-MATCH Data Can Be Visualized as a Custom Track in the UCSC 

Genome Browser 

 

 

1.10.6 Description of the Delta-MATCH UCSC Tracks 

The following examples use these three uploaded Delta-MATCH files: 

• dm_track_V$NFKAPPAB_01.txt 

• dm_track_V$NFKB_C.txt 

• dm_track_V$NFKB_Q6.txt 

 

Each “Delta-MATCH hit” for a given transcription factor matrix can be visualized in the 

UCSC browser as a series of three track entries listed under a track called 

“deltamatch.org allele-specific TF binding site for (mat_id)”. 
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1.10.6.1 Definition - rsnumber_A1 

This track shows the position and magnitude of the highest MATCH score for allele 1 

(m1). The arrows show the strand of the match (forward arrows = “+ strand”; reverse 

arrows = “- strand“). The shade of the arrows is proportional to the magnitude of the 

MATCH score (lightest = m1 = 0.0; darkest = m1 = 1.0). 

 

1.10.6.2 Definition - rsnumber_A2 

This track shows the position and magnitude of the highest MATCH score for allele 2 

(m2). The arrows show the strand of the match (forward arrows = “+ strand”; reverse 

arrows = “- strand”). The shade of the arrows is proportional to the magnitude of the 

MATCH score (lightest = m2 = 0.0; darkest = m2 = 1.0). 

 

1.10.6.3 Definition - rsnumber_P 

This track shows the position of the rsnumber. The shade of the arrows is proportional to 

the magnitude of the Delta-MATCH potential score (potential) (lightest = potential = 0.0; 

darkest = potential = 1.0). 

 

To learn more about viewing the Delta-MATCH results in the UCSC track, see “Example 

20 - Restricting By Chromosome and Position Range” (page 182). 
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1.11 Delta-MATCH Examples (Easy Mode) 

 

This document details the 40 examples found at the Delta-MATCH > Tutorial > 

Examples webpage (http://deltamatch.org).  

 

These examples display the wide variety of types of queries that can be created with the 

Delta-MATCH Query Tool (Easy Mode and Expert Mode). 

 

 'Delta-MATCH Examples' have been created to demonstrate the diversity of queries 

that may be created with the Delta-MATCH Query Tool. These examples showcase the 

usefulness of each selection parameter. 

 

Each Delta-MATCH Query generates up to 5 separate output files that allow you to save 

the "Delta-MATCH Results Table" in three different file formats (table), to view a brief 

report of the query results (report), and to replicate the exact query at a later time point 

at the click of a button (log). The function of these files has been previously described 

(page 112). 

• table.log 

• report.html 

• table.html 

• table.txt 

• table.xml 

 

Every example highlights a single (or combinations of) function(s) that can be used to 

return lists of polymorphisms that have a strong “potential” to create an allele-specific 
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transcription factor binding site. With the exception of the “Delta-MATCH Proof of 

Principle Example - AHSG rs2248690”, (page 122), these examples are generally 

ordered by their complexity, starting with the simplest to the most complex. 

 

A detailed description of the Delta-MATCH Algorithm, Database and Query tool can be 

downloaded in the Delta-MATCH tutorial pdf at Delta-MATCH > Tutorial. 

 

1.11.1 Delta-MATCH Proof of Principle Example - AHSG rs2248690 

This is the proof of principle example for the Delta-MATCH Database and Query Tool.  

 

In this example the Delta-MATCH Query Tool identifies rs2248690 as an A>T 

polymorphism that is 799 base pairs upstream of the alpha2-Heremans-Schmid 

glycoprotein (AHSG) gene. It has been shown that this polymorphism is located in a 

binding site for the AP-1 transcription factor and that the -799T allele is associated with 

increased AP-1 affinity, decreased AHGS mRNA expression relative to the -799A allele 

and is associated with Type 2 Diabetes (Figure 67 page 142) [29, 30].  

 



 

 123 

Figure 59 The AHSG -799T Allele Has a Higher Affinity for the AP-1 Transcription 

Factor Than -779 A3 

 

 

This query will return from the Delta-MATCH database a list of up to ‘five’ (Top Most 

Significant Hits) biallelic polymorphisms (rsnumber) that have the potential to create an 

allele-specific transcription factor binding site for any ‘high quality’ (Matrix Quality) 

matrix that has a matrix length at least 8 base pairs long (Show the Matrix Details >= 8).  

 

                                                
3 This bar chart was borrowed and adapted without permission from Figure 1  
Reference 29. Inoue, M., et al., A promoter polymorphism of the alpha2-HS 
glycoprotein gene is associated with its transcriptional activity. Diabetes Res Clin 
Pract, 2007. 
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The list of returned polymorphisms: 

• must have a potential score >= 0.3 

• must be located within 2000 base pairs of a gene named ‘AHSG’ 

• must be located on chromosome 3 

• must be located between base pairs 18780271 and 18781271 

• must have either m1 or m2 align to the plus (Watson) strand of DNA 

• must be located in a refSeq 10kb upstream region, 10kb downstream region, 5’ 

untranslated region, 3’ untranslated region, intronic region, exonic region, coding 

region, ‘or’ region of strong conservation (phastcons17). 

• must have a Bonferonni-adjusted rareness <= 0.05 

• must be associated with a gene in the HUGO database that has a gene ontology 

term that matches the term ‘insulin’ 

• must be located within 2000 base pairs of a ‘transcriptional’ start site 

• must be located within 2000 base pairs of a ‘translational’ start site 

• must have an average heterozygosity frequency >= 0.3 

• must have a ‘Validation Type’ matching the terms ‘by-2hit-2allele’, ‘by-cluster’ 

and ‘ ‘by-frequency’ 

• must have a ‘Function Type’ matching the term ‘locus’ 

• must have a ‘Location Type’ matching the term ‘exact’ 

• must have a ‘Molecular Type’ matching the term ‘genomic’ 

 

Additionally the results: 

• will display the details of the matrix that matched the position of the 

polymorphism 

• will calculate and display the rareness of each result 

• will be sorted by chromosomal position 
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• will display the magnitude, strand and position offset of each highest MATCH 

score for each allele (m1, m2, p1, p2, s1, s2) 

• will display the ‘observed’ polymorphic alleles and specify which allele is 

referenced by the UCSC and NCBI genome alignments  

• will display any associated HUGO genes 

• will display clickable hyperlinks for NCBI entries for mRNA and protein 

sequences, and the Gene, OMIM, and LocusLink entries for the associated 

HUGO genes 

• will display hyperlinks to the UCSC Genome Browser showing the exact position 

of each allelic MATCH score (m1 and m2)  

• will display clickable hyperlinks to dbSNP for each returned rsnumber 

• will display a clickable hyperlink to PubMed citations matching the returned 

rsnumber 

• will display other polymorphisms that are in strong linkage disequilibrium with 

every returned hit as determined by HapMap (population = Japanese; D’ = 1.0; 

r^2 = 0.3; LOD >= 2) 

• will display the distance the rsnumber is from a known transcriptional and 

translational start site 

 

Figure 60 Input Parameters for the Proof of Principle Example 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (checked) = “0.3” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 
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STEP 2 - Search By Gene Names (checked);  Search for gene without returning results 

(unchecked), Gene Names = “AHSG”; UCSC hg18 Table Name = “refGene”; Field 

Name = “name2”; Gene Window (checked) = “2000” 

STEP 2 - Show the Matrix Details (checked); Minimum Matrix Length (checked) = “8” 

STEP 2 - Show the Position Details (checked) 

STEP 2 - Chromosome (checked) = “3” 

STEP 2 - Position Range (checked) ; lowest base =”187802781”; highest base = 

“187812781” 

STEP 2 - Strand (checked) = “+” 

STEP 2 - Genomic Regions (checked) = “up10k; phastconsElements17way; utr5; 

coding; down10k; exons; introns; utr3”; “or” 

STEP 2 - Bonferonni Correction (checked) = “0.05” 

STEP 2 - Minimum Total Number of Delta-MATCH Hits (checked) = “1” 

STEP 2 - Hugo Names (checked); Limit results to rsnumbers next to known 

HUGO_GENES (checked) 

STEP 2 - Reflink (checked); Limit results with text matching the hg18.reflink_product 

(checked) = “glycoprotein” 

STEP 2 - Distance From txStart or cdStart (checked); = (“1”, “2000”, “2000”) 

STEP 2 - Gene Ontology (checked); Limit to text matching a Gene Ontology term 

(checked) = “insulin” 

STEP 2 - HapMap (checked); HapMap population = “JPT Japanese”; ld_prime >= “1.00”; 

ld_square >= “0.3”; ld_lod >= “2”; View HapMap Details (checked) 

STEP 2 - UCSC rsnumber Details (checked); “Select Minimum Average Heterozygosity 

Cutoff (checked) = 0.3; “Select ‘Validation Types’” = “by-2hit-2allele; by-cluster; by-

frequency” (checked/and); “Select ‘Function Types’” = “locus” (checked/or); “Select 
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‘Location Types’” = “exact” (checked/or); “Select ‘Molecular Types’” = “genomics” 

(checked/or) 
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This result details the match of rs2248690 with V$AP1_C, a high quality matrix that 

defines the binding site motif for the AP-1 heterodimeric (c-Fos, c-Jun) transcription 

factor.  

 

Notice that the only rs2248690 is identified in this very restrictive query. As specified in 

the results table rs2248690 is located on chromosome 3 at base position 187812781 

and is polymorphic for the A and T nucleotides (observed) at a position 799 base pairs 
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upstream of a transcriptional start site (dist_from_tx), and 843 base pairs upstream of a 

translational start site (dist_from_cds) for the alpha2-Heremans-Schmid-glycoprotein 

(AHSG) gene (NM_001622) in its upstream region (up10k). It is shown that AHSG has 

10 gene ontology terms associated with it including one specified as with the phrase 

“negative regulation of insulin receptor signaling pathway”. 

 

Figure 61 AHSG rs2248690 A>T Delta-MATCH Scores 

The -799T allele is the reference base in both the UCSC and NCBI genome alignment. 

In this example the AHSG -799T allele (a1) has an optimal match score (m1 = 1.0) for 

the V$AP1_C matrix, where as the -799A allele (a2) has a much lower MATCH score 

(m2 = 0.8073), one that is clearly below the matrix-specific cutoff threshold (false 

positive cutoff = 0.998).  
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Figure 62 Pressing the p1_window Button (chr3:187812781-187812789) 

The 9 bases of the V$AP1_C matrix aligned with both of the -799 A and T alleles from 

base 187812781 to 187812789 along the plus stand (strand = ‘+’) (s1 = s2 = “+”) of 

chromosome 3. Thus the polymorphic base aligned with the second base position of the 

transcription factor matrix (p1 = p2 = -1).  
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Figure 63 Density Plot of the Allelic MATCH Scores for 4,547,844 Polymorphisms 

(AP-1) 

This is a density plot of the distribution of the allelic MATCH scores for 4,547,844 

polymorphisms using the AP-1 transcription factor binding site matrix V$AP1_C. Most 

polymorphisms have small differences between their allele 1 (m1) and allele 2 (m2) 

MATCH scores. The dotted lines represent the minimum MATCH score (FP = 0.998) 

required to initiate transcription factor binding for the specified matrix.  

 

The 1,321 polymorphisms having a MATCH score (m1 and/or m2) greater than or equal 

to the false positive cutoff threshold score (FP = 0.998) were ranked by the Delta-

MATCH algorithm to identify those polymorphisms with the highest potential to create an 

allele-specific AP-1 binding site.  
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Figure 64 AHSG rs2248690 A>T Ranks 747th for AP-1 TFBS Matrix (V$AP1_C) 

The “potential” score for this polymorphism/matrix pair is 1.0. Only 747 other 

polymorphisms in the Delta-MATCH database have a potential score of this magnitude 

or greater for the V$AP1_C matrix. This gives this polymorphism a rareness equal to 

1.6425^-4 (rareness = 747/4,547,844).  
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Figure 65 AHSG rs2248690 Is in Linkage Disequilibrium with Other SNPs that 

Associate with Type 2 Diabetes 

It is noteworthy Delta-MATCH identifies other polymorphisms that are in strong linkage 

disequilibrium (LD) with rs2248690 in the Japanese population. Of these rs2077119, 

rs4917 and rs4918 have been previously associated with AHSG mRNA levels in a 

Japanese population or associated with Type 2 Diabetes in a population of French 

Caucasians [29, 30]. Furthermore, the 3q27 region was recently associated with Type 2 

Diabetes in an independent genome wide association study [31]. 

 

 

1.11.1.1 Example OMIM Links for ASHG 

ALPHA-2-HS-GLYCOPROTEIN 

http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=138680 

JUN 

http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=165160 

FOS 

http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=164810 
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1.11.2 Delta-MATCH Query Examples (Easy Mode) 

In the following Delta-MATCH examples, assume that all header name checkboxes are 

in the default condition, unless otherwise specified. Please refresh your browser window 

to clear any previous settings before beginning each example (NOTE: The Firefox 

browser will not reset the button and box settings pressing the refresh button. To refresh 

the page in Firefox, close the current window and open another). 

 

1.11.3 Example 1 - Single Transcription Factor Matrix Name (the default 

submission) 

This example returns the top 5 hits for the specified “high” quality NF-kB transcription 

factor matrix (V$NFKB_Q6) where the “potential” score is greater than or equal to 0.8. 

 

Figure 66 Input Parameters for Example 1 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 
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The Delta-MATCH results table for Example 1 has 14 unique columns: hit, rsnumber, 

chrom, chromStart, mat_id, factor, potential, threshold, m1, m2, m_per, rank, 

p1_window, and pubmed. In this example there are 5 rsnumbers returned when the 

searched against the single transcription factor matrix named “V$NFKB_Q6”. Note that 

only the first 5 rsnumbers with the highest potential scores are returned even though 

there are 950 that could have been returned for this matrix name (mat_id). This is 

because the “Top Most Significant Hits” is set to a maximum limit of 5. 

 

1.11.4 Figure - Example 1 Results Table 

 

 

1.11.4.1 Definition - hit (Delta-MATCH rsnumber row in the query result table) 

This is any rsnumber row returned to the browser by a successful Delta-MATCH query. 

In the results table, the number under the “hit” column is simply an ascending row 

number, one for each returned rsnumber result. This number has no particular meaning 
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but can be changed by using the sorting function (“Sort Results Table” checkbox in 

Expert Mode). By default the highest number in this column could by 1,500 (see Figure 

206 Delta-MATCH Error 2- more than 1,500 rsnumbers passed your selected criteria, 

page 409). Every number in the hit column is hyperlinked to the dbSNP entry for the 

corresponding rsnumber (example rs3093317). 

 

1.11.4.2 Definition - rsnumber (dbSNP accession) 

This is the dbSNP accession number (hg18.snp126.name). Every rsnumber in the 

results table is hyperlinked to its entry in the UCSC Genome Browser for the human 

genome March, 2006 (Figure 85 page 143). 

 

1.11.4.3 Definition - chrom (chromosome) 

This is the chromosome that a polymorphism is mapped to (hg18.snp126.chrom). 

 

1.11.4.4 Definition - chromStart (polymorphism starting base position) 

This is the leftmost base position of a polymorphism relative to the plus sense strand of 

the chromosome (hg18.snp126.chromStart). 

 

1.11.4.5 Definition - factor (transcription factor name) 

This is the name of the transcription factor in the BIOBASE TRANSFAC database 

(dm2_5_million.matrix_tf10_2.factor). 

 

1.11.4.6 Definition - mat_id (matrix name) 

This is the matrix name as specified by the BIOBASE TRANSFAC database 

(dm2_5_million.matrix_tf10_2.mat_id). The hyperlink for this value will take you to the 
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local copy of the BIOBASE TRANSFAC database where the details for the given matrix 

can be seen. This page is only accessible from within the J. David Gladstone Institutes. 

 

1.11.4.7 Definition - potential (Delta-MATCH Potential Score) 

The Delta-MATCH Potential Score for a given polymorphism for a given transcription 

factor matrix is the absolute difference in biological relevance between two to 

polymorphic alleles (Definition page 30). 

 

1.11.4.8 Definition - threshold (FP = false positive cutoff threshold) 

This is the false positive threshold (FP) specified by the BIOBASE TRANSFAC 

database. Note that potential cells are colored white if the MATCH score is 0.0, colored 

darkest red when the potential is equal to 1.0, or colored proportionally red for 

intermediate values (dm2_5_million. matrix_tf10_2.FP) (Definition page 31).  

 

1.11.4.9 Definition - m1 (highest MATCH score for allele 1) 

This is the magnitude of the “highest calculated BIOBASE MATCH score” for allele 1 

(Definition page 71). The m1 and m2 cells are colored white if the allelic MATCH score 

(m1 or m2) is less than or equal to the matrix’s false positive (FP) cutoff threshold. 

These cells may be colored proportionally when if the MATCH score (m1 or m2) is 

greater than the false positive cutoff, but less than 1.0, and colored darkest red when the 

MATCH score is 1.0.  

 

1.11.4.10 Definition - m2 (highest MATCH score for allele 2) 

This is the magnitude of the “highest calculated BIOBASE MATCH score” for allele 2 

(Definition page 71). 
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1.11.4.11 Definition - m_per (absolute percent difference in MATCH score) 

This is the percent difference between the in BIOBASE MATCH scores for allele 1 and 

allele 2. (Equation 9 page 38) When two different rsnumbers have the same potential 

score, but different m_per values, the rsnumber with the larger m_per value might be 

considered more probable to create an allele-specific transcription factor binding site. 

This is the case when two different rsnumbers each have the same larger polymorphism 

MATCH score (m_max) (Definition page 37), but different values for the smaller 

polymorphism MATCH score (m_min) (Definition page 37). In these cases, the minimum 

MATCH score for both rsnumbers are less than or equal to the false positive (FP) cutoff, 

but different from each other. Although the potential scores are the same for two 

rsnumbers like these, the biological relevance of the two polymorphisms may be 

different, particularly if the false positive cutoff value provided by the BIOBASE team 

underestimates the true cutoff threshold (See Equation 8, page 38). 

 

1.11.4.12 Definition - rank 

The rank is the actual order this polymorphism rsnumber is listed internally in the Delta-

MATCH database table for the corresponding mat_id. The lowest numbered ranks will 

have the highest potential scores. It should be noted that two or more rsnumbers with 

the same potential and m_per values will have different ranks out of necessity, but may 

be considered equally important. It is suggested to sort equivalent potential scores 

secondarily by their “m_per” value. Of those rsnumbers with equivalent potential scores, 

the ones with the larger percentage difference between the allele 1 and allele 2 MATCH 

scores are may be ranked higher (page 39). 
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1.11.4.13 Definition - p1_window (UCSC position window of the highest allele 

1 MATCH score) 

This is a link to the physical position best MATCH of the corresponding mat_id to allele 1 

in the UCSC genome browser (human March 2006 Assembly, hg18) (see Example 19, 

Figure 94 page 179). The number of bases shown in the linked page should match the 

exact length (mat_len) and position of the highest scoring matrix (mat_id) alignment. If 

the UCSC Browser track called “SNPs(126)” is set to (dense, squish, pack, full) in the 

genome browser, the physical position of the polymorphism will be visible within the 

p1_window. 

 

1.11.4.14 Definition - pubmed (link to PubMed citations) 

This is a hyperlink link to any pubmed literature citations for the associated rsnumber. 

 

Figure 67 ASHG rs22486890 A>T Proof of Concept PubMed link (pubmed) 
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Figure 68 rs3093317 Hyperlink to the UCSC Human Genome Browser 

(hg18.snp126) 
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1.11.5 Example 2 - List of Transcription Factor Matrix Names 

This example returns the top 5 hits for each of the two specified “high” quality 

transcription factor matrixes (V$NFKB_Q6, V$NFKB_C) where the potential score is 

greater than or equal to 0.8. A total of 10 results are returned. 

 

Figure 69 Input Parameters for Example 2 

STEP 1 - (2) List of Transcription Factor Matrix Names = “V$NFKB_Q6, V$NFKB_C” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.6 Example 3 - Transcription Factor Name 

This example returns 25 hits, the top 5 hits for each of the six “high” quality NF-kappaB 

matrixes where their potential score is greater than or equal to 0.8. Note that no results 

for the matrix “V$NF-KB50_01” were returned because none had potential scores 

greater than or equal to 0.8. 

 

Figure 70 Input Parameters for Example 3 

STEP 1 - (3) Transcription Factor Name = “NK-kappaB” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.7 Example 4 - Tissue-Specific Transcription Factor Names 

This example returns 212 hits, after searching the 54 “high” quality matrixes defined in 

the list for the “immune cell-specific” tissue type where the potential score is greater than 

or equal to 0.8. There were 59 other immune cell-specific transcription factor matrixes 

that were excluded from the search because they were “low” quality. The results are 

ordered alphabetically by mat_id. 

 

Figure 71 Input Parameters for Example 4 

STEP 1 - (4) Tissue-Specific Transcription Factor Names = “immune_cell_specific 

(n=113)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.8  Example 5 - Top Most Significant Hits (unchecked) 

This is like Example 1, except all (61) V$NFKB_Q6 hits with a potential greater than or 

equal to 0.8 are returned because the “Top Most Significant Hits” is unchecked. 

 

Figure 72 Input Parameters for Example 5 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.9 Example 6 - Minimum Potential Score (unchecked) 

This is like Example 5 except “Minimum Potential Score” is unchecked. There are 950 

polymorphisms returned for the single transcription factor matrix named “V$NFKB_Q6”. 

The same 950 could have been returned if the “Minimum Potential Score” was left 

checked but set to “0.0”. Notice the change in color intensities in the “potential” column 

as you scroll down through the list. At the bottom of the list are those rsnumbers with the 

lowest potential scores. Interestingly, the highest MATCH scores (m1 and m2) for these 

polymorphisms may be either high or low. 

 

Figure 73 Input Parameters for Example 6 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (unchecked)” 

STEP 2 - Top Most Significant Hits (unchecked)  

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.10 Example 7- Error 1 - no matrixes passed your selected criteria 

This is like Example 1 (Figure 205 page 409), except the “Matrix Quality is set to “low”. 

This example will return Error 1 because the only matrix name (V$NFKB_Q6) selected is 

actually a “high quality” matrix and does not pass the “Matrix Quality” (low) requirement 

(see page 408 for the “List of Delta-MATCH Errors” in the Appendix). 

 

Figure 74 Input Parameters for Example 7 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “low” 
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1.11.11 Example 8 - Error 2 - more than 1,500 results returned 

When the single transcription factor matrix named “V$ATF4_Q2” selected in STEP 1, 

and no other boxes are selected in STEP 2, Error 2 (Figure 206 page 409) is returned 

preceding a results table of that has only the first 1,500 results. Note this example may 

take a couple of minutes to run. 

 

Figure 75 Input Parameters for Example 8 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$ATF4_Q2 (1617)” 

STEP 2 - Minimum Potential Score (unchecked)” 

STEP 2 - Top Most Significant Hits (unchecked)  

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.12 Example 9 - Error 3 - no rsnumbers were found 

When the single transcription factor matrix named “V$ACAAT_B (0)” is selected in STEP 

1, and no other boxes are selected in STEP 2, Error 3 (Figure 207 page 410) is returned 

because there are no rsnumber results associated with the selected set of matrixes in 

the Delta-MATCH database. This could have predicted because this matrix name has a 

zero in parentheses next it in the drop down menu of STEP 1 -1. 

Figure 76 Input Parameters for Example 9 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$ACAAT_B (0)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 
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1.11.13 Example 10 - Searching by rsnumbers and Sorting By Chromosomal 

Position 

This example will search for all “Delta-MATCH hits” predictions specific to the two 

polymorphisms rs5743836 and rs6031444. After searching all 550 matrixes 12 results 

were found, 8 for rs6031444, and 4 for rs5743836. These results are ordered by base 

position, thus placing all the results for a given rsnumber next to each other. If the ‘Matrix 

Quality” had been checked and set to “high” in this example, there would have been 9 

results after searching only the 367 high quality matrixes. Rerunning this query using the 

log file will cause Error 3 (Figure 207 page 410). 

 

Figure 77 Input Parameters for Example 10 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (unchecked)  

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (unchecked)  

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked); rsnumbers = “rs5743836, rs6031444”; 

rsnumber Window (unchecked) 
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1.11.14 Example 11 - Using the “rsnumber Window” checkbox 

This example will search for all “high” quality matrixes for any polymorphisms that are 

located within 2000 base pairs upstream or downstream of the two selected 

polymorphisms (rs5743836 and rs6031444). After searching 367 matrixes. There are 15 

results found for a total of 7 distinct rsnumbers (the two specified, plus 5 found by 

proximity). Rerunning this query using the log file will cause Error 3 (Figure 207 page 

410). 

 

Figure 78 Input Parameters for Example 11 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (unchecked) 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked); rsnumbers = “rs5743836, rs6031444”; 

rsnumber Window (checked) = “2000” 
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1.11.15 Example 12 - Uploading a File of rsnumbers 

This example will search all “NF-kappaB”-related hits for the 10 rsnumbers that are 

uploaded from the downloadable example file (“test_10.txt”). After searching the 6 NF-

kappaB matrixes, 32 results are found and ordered by position, thus placing all the 

results for a given rsnumber next to each other. Rerunning this query using the log file 

will cause Error 3 (Figure 207 page 410). 

 

Figure 79 Input Parameters for Example 12 

STEP 1 - (3) Transcription Factor Name “NF-kappaB” 

STEP 2 - Minimum Potential Score (unchecked) 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (unchecked)  

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked); uploaded filename = “test_10.txt” 
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1.11.16 Example 13 - 'Search By Gene Names’ Without Returning Results 

(mock search when unsure of true gene names) 

In this example, each specified gene name is searched to see if it exists. For every gene 

name that is found, every associated entry is printed showing the corresponding field 

names (name, name2, proteinID), the chromosome (chrom) the gene is located on, the 

strand (strand) of DNA that the gene is transcribed on, and the associated transcript’s 

starting and end positions (txStart, txEnd). Multiple entries may be found for a single 

gene name if more than one transcript is associated with the gene. In this example, two 

entries are found for JPH2 (NM_020433, NM_175913), 3 entries are found for PLAT 

(M_000930, NM_000931, NM_033011), and 2 entries are found for TLR9 (NM_138688, 

NM_017442). For each gene, all of the entries are compared to identify the leftmost and 

rightmost base positions of all of the transcripts relative to the plus sense DNA strand. 

Once these minimum (min_txStart) and maximum (max_txEnd) positions have been 

identified, all of the rsnumbers within each gene window is found and returned if they 

pass the remaining input criteria. When the “Gene Window” box is checked and set to 

2000, the minimum and maximum base positions are extended to include the additional 

number of base pairs (new_start, new_end), there by increasing the gene window by a 

total of 4000 bases (2000 upstream and downstream) for each gene. After the entries 

are printed, a short summary of the search results are presented that show which of the 

gene names were found (Figure 82 page 161). If a “bad gene name” is submitted, or if 

there is a mismatch between the “UCSC hg18 Table Name” and the “Field Name” 

combination submitted, you may receive a notice of which gene names were, and were 

not found (Figure 83 page 162). When no GENE NAMES are found, Error 7 is returned 

(Figure 211 page 412). 
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Figure 80 Input Parameters for Example 13 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (checked) = “0.35” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By Gene Names (checked); Search for gene without returning 

results (checked); Gene Names = “JPH2, PLAT, TLR9”; UCSC hg18 Table Name = 

“refGene”; Field Name = “name2”; Gene Window (checked) = “2000” 
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Figure 81 Example Entry Found By a Mock Gene Name Search 

    

   

 

Figure 82 Summary of Gene Names Found 
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Figure 83 Summary of Gene Names Not Found 
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1.11.17 Example 14 - 'Search By Gene Names' (includes using the “Gene 

Window” sub-checkbox) 

This is like Example 13 except the “Search for gene without returning results” box is 

unchecked. It searches for any result located within three specified genes (JPH2, PLAT, 

TLR9) that have a Minimum Potential Score greater than or equal to 0.35, for any “high” 

quality matrix. The 40 results are sorted by chromosomal position. During the search, 

the position of each typed gene name is compared with the field names in the refGene 

database (hg18.refGene.name2) to identify the leftmost and rightmost positions of their 

mRNA transcripts (relative to the plus strand). Once the leftmost and rightmost positions 

have been found, these are extended by 2000 base pairs upstream and downstream to 

bracket a chromosomal window in which to search for rsnumbers with potential scores 

greater than or equal to 0.35. The output page includes a short summary of the number 

of rsnumbers found for each gene name (Figure 85 page 165). There are 875 rsnumbers 

are identified within the windows corresponding to the gene loci (these were found 

including the 2000 base pair upstream and downstream extensions). Specifically, 481, 

358, and 36 rsnumbers are found in the gene windows for JPH2, PLAT and TLR9 

respectively. When this example is rerun looking for refGenes that include a mistyped 

gene name (JPH2, PLAT, bad_gene_name), 36 hits are returned. Specifically, the 839 

rsnumbers from the JPH2 and PLAT genes are still found, but none are found for 

“bad_gene_name” (Example 14B) (Figure 83 page 162). 

 

Figure 84 Input Parameters for Example 14 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (checked) = “0.35” 

STEP 2 - Top Most Significant Hits (unchecked) 
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STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By Gene Names (checked); Search for gene without returning 

results (unchecked), Gene Names = “JPH2, PLAT, TLR9”; UCSC hg18 Table Name = 

“refGene”; Field Name = “name2”; Gene Window (checked) = “2000” 
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Figure 85 Summary of rsnumbers found in Gene Names 

 

 

Figure 86 Summary of rsnumbers found in Gene Names (bad_gene_name) 
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1.11.18 Example 15 - Error 4 - no rsnumbers were found in the select gene 

names (bad gene name submission) 

This example uses the default conditions (Example 1) with the addition of having the 

“Search by Gene Names” checkbox checked. Error 4 (Figure 208 page 411) is produced 

because the user has typed a gene name (“bad_gene_name”) that doesn’t exist in the 

UCSC hg18.refGene table. This error can be avoided by properly testing to see if 

“bad_gene_name” existed by preceding this query with a mock search (see Example 

13). 

 

Figure 87 Input Parameters for Example 15 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Search By Gene Names (checked); Search for gene without returning 

results (unchecked); Gene Names = “bad_gene_name”; UCSC hg18 Table Name = 

“refGene”; Field Name = “name2”; Gene Window (checked) = “2000” 
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1.11.19 Example 16 - Error 6 - more than 5 gene names were submitted 

In this example only 5 rsnumbers are returned, one for each of the first five genes in the 

submitted list. This query searches up to ten hits for a list of 7 submitted genes, and 

receives Error 6 (Figure 210 page 412). This error is not critical, but it warns the user 

that the maximum number of genes permitted to be submitted per query has been 

exceeded (max = 5). 

 

Figure 88 Input Parameters for Example 16 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “10” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Search By Gene Names (checked); Search for Gene without returning results 

(unchecked), Gene Names = “JPH2, IL21R, CAMTA1, SLC5A8, RGS6, DOCK1, 

RXRG”; UCSC hg18 Table Name = “refGene”; Field Name = “name2”; Gene Window 

(unchecked) = “2000” 
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Figure 89 Summary of the First 5 Submitted Gene Names 
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1.12 Delta-MATCH Query Examples (Expert Mode) 

 

1.12.1 Show the Matrix Details 

When the “Show the Matrix Details” checkbox is checked (Example 17), extra 

columns are presented in the results table that detail the each particular hit. Included in 

the output are the columns factor_description, count_ge_potential, mat_count, 

rareness, qual, and mat_len. Some of the parameters may be viewed by downloading 

an associated text file (Table 43 page 405). 

 

1.12.1.1 Definition - factor_description (expanded factor name) 

This is slightly different and perhaps longer description of the transcription factor name. 

 

1.12.1.2 Definition - count_ge_potential (count of hits with a potential score 

greater than or equal to this potential score) 

This is the number of other hits for this mat_id that have a potential score greater than 

or equal to the potential score for this rsnumber. For a given mat_id, all rsnumbers with 

the equivalent values for “count_ge_potential” may be considered equally important, but 

those that also have the higher m_per are ranked higher. 

 

1.12.1.3 Definition - mat_count (number of hits in the database for this matrix) 

This is the total number of “biologically relevant” polymorphisms for this mat_id in the 

database. This is the number of rsnumbers with at least one allelelic MATCH score 

greater than or equal to the corresponding matrix’s threshold score. 
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1.12.1.4 Definition - rareness (rareness of a potential score) 

This is a measurement of how many other rsnumbers have a potential score greater or 

equal to the corresponding potential score in this database. Rareness is calculated by 

dividing the number of rsnumbers with a potential score less than or equal to the 

corresponding rsnumber’s potential score by the total number of polymorphisms in the 

database. The lower the frequency is, the more rare the event is. However, a very low 

rareness value doesn’t guarantee that the difference in potential score will be biologically 

relevant. 

 

Equation 19 - rareness of a potential score (rareness) 

rareness = count_ge_potential / 4,547,844 

 

1.12.1.5 Definition - qual (quality of a matrix) 

This is the quality of the transcription factor matrix as defined in the BIOBASE 

TRANSFAC database. A “high” quality matrix is equivalent to 1, and a “low” quality 

matrix is equivalent to 0. The quality of each mat_id is described in the linked file called 

“550_matrixes.txt” (Table 43 page 405). 

 

1.12.1.6 Definition - mat_len (matrix length) 

This is the length of the transcription factor binding site matrix in number of base pairs. 

The matrix length of each mat_id is described in the linked file called “550_matrixes.txt” 

(Table 43 page 405). 
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1.12.2 Example 17 - Show the Matrix Details 

This result will show is like Example 1 (the default) except the matrix details are shown. 

 

Figure 90 Input Parameters for Example 17 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Show the Matrix Details (checked) 
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Figure 91 Output Results Showing the Matrix Details (sorted) 

 

 

1.12.3 Minimum Matrix Length 

When both the “Show the Matrix Details” checkbox and the “Minimum Matrix 

Length” sub -checkbox is checked (Example 18), it is possible results to those matrixes 

that have minimum length (mat_len). The mat_len for the 550 matrixes range from 6 to 

30 (Table 4 page 77). 
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1.12.4 Example 18 - ‘Minimum Matrix Length’ sub-checkbox 

This is like Example 3 except the “Minimum Matrix Length” sub-checkbox is checked 

and set to 12 base pairs. Adding this filter limits the selection of matrixes to those that 

are at least 12 base pairs long and has the effect of excluding three matrixes that were 

each only 10 base pairs long (V$NFKAPPAB50_01,V$NFKAPPAB65_01, 

V$NFKAPPAB_01). Only 15 results are returned. 

 

Figure 92 Input Parameters for Example 18 

STEP 1 - (3) Transcription Factor Name = “NK-kappaB” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Show the Matrix Details (checked); Minimum Matrix Length (checked) = “12” 
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1.12.5 Show the Position Details 

When the “Show the Position Details” checkbox is checked (Example 19, page 176), 

additional columns (p2_window, p1, p2, s1, and s2) are presented in the results table 

that detail the position and strand of each matrix MATCH for each allele of the given 

rsnumber.  

 

1.12.5.1 Definition - p2_window (UCSC position window of the highest allele 2 

MATCH score) 

This is a link to the physical position best MATCH of the corresponding mat_id to allele 2 

in the UCSC genome browser. 

 

1.12.5.2 Definition - p1 (position offset of highest allele 1 MATCH score) 

This is the position offset of the leftmost border (along the plus strand of DNA) of the 

mat_id match relative to the position of the rsnumber (chromStart) for allele 1. If the best 

MATCH of allele 1 is located on the plus (+) strand, the first position of the matrix match 

(leftmost border) will be equal to the sum of the position of the rsnumber and the position 

offset (leftmost border = chromStart + p1) and the last position of the matrix match 

(rightmost border) will be X bp downstream of the leftmost border, where X is the length 

of the matrix (mat_len). If the best MATCH of allele1 is on the minus (-), the last position 
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of the matrix match (leftmost border) will be equal to the sum of the position of the 

rsnumber and the position offset (leftmost border = chromStart + p1) and the first 

position of the matrix match (rightmost border) will be X bp downstream of the leftmost 

border, where X is the length of the matrix (mat_len). 

 

1.12.5.3 Definition - p2 (position offset of highest allele 2 MATCH score) 

This is the position offset of the leftmost border (along the plus strand of DNA) of the 

mat_id match relative to the position of the rsnumber (chromStart) for allele 2. 

 

1.12.5.4 Definition - s1 (strand of highest allele 1 MATCH score) 

This is the strand of the best MATCH for the mat_id with allele 1 (plus strand = “+”, 

minus strand = “-”). 

 

1.12.5.5 Definition - s2 (strand of highest allele 2 MATCH score) 

This is the strand of the best MATCH for the mat_id with allele 2 (plus strand = “+”, 

minus strand = “-”). 

 

1.12.6 Example 19 - ‘Show the Position Details’ 

In this example, 12 results are returned. Notice that hit 7 (rsnumber rs6031444) has 

MATCH (m1 and m2) aligning with the “V$NFKB_Q6” matrix along 14 base pairs of 

chromosome 20, starting at base 42,249,149 and extending to base 42,249,162. For 

these alleles, the “V$NFKB_Q6” matrix matches on the minus strand (-) of the 

chromosome with its leftmost border of the match aligning to a position that is 3 base 

pairs offset to the left of the position (-3) of the rsnumber’s position (chromStart) relative 

to the plus strand. In other words, because rsnumber rs6031444 is at position 
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42,249,152 on chromosome 20, we know that the “V$NFKB_Q6” matrix should have its 

best match when aligned on the negative strand of the chromosome so that the first 

position of the matrix aligns with position 42,249,162, and the last position of the matrix 

aligns with position 42,249,149. If the “dm_track_V$NFKB_C.txt” file has been 

downloaded from the downloads page (Delta-MATCH > Downloads > UCSC Brower 

Tracks), and uploaded into the UCSC Genome Browser as a Custom Track, it is 

possible to view the result for rs6031444 in detail. The exact position of the aligned 

match can be found in the UCSC Genome Browser by clicking on the hyperlink of the 

p1_window or p2_window for each allele respectively (Figure 94 page 179). If your 

browser UCSC browser doesn’t show the specified rsnumber, be sure to check to make 

sure the “SNPs (126)” track is set to “pack” under the “Variation and Repeats Section”. 

For more details, please see the section called “Uploading Delta-MATCH Data as UCSC 

Browser Tracks” see (page 118). Rerunning this query using the log file will cause Error 

3 (Figure 207 page 410). 

 

Figure 93 Input Parameters for Example 19 

STEP 1 - (3) Transcription Factor Name = “NF-kappaB” 

STEP 2 - Minimum Potential Score (unchecked) 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (unchecked) 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked); rsnumbers = “rs1680789, rs6031444, 

rs2104240”; ‘rsnumber Window’ (unchecked) 

STEP 2 - Show the Position Details (checked) 
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Figure 94 UCSC Browser Example 19 (rs6031444) 

In this example, there are four Delta-MATCH hits for rs6031444, one for 

V$NFKAPPAB_01, V$NFKB_Q6, V$NFKAPPAB65_01, and V$NFKB_Q6_01.  

 

 

These highest MATCH scores align to the minus strand of chromosome 20 (reverse 

arrows). The polymorphic base aligns to the second to last matrix base position for 

matrix V$NFKAPPAB_01, and the fourth from last base position for matrix V$NFKB_Q6. 

The potential scores for these hits are high (rs6013444_P is very dark, and 

rs6031444_A1 and rs6031444_A2 are very opposite intensity). Allele 1 has higher 

sequence identity to each matrix than does allele 2 (is darker). It is more likely that NF-

kB would bind better to the DNA sequence spanning the rs6031444 major allele (allele 

1), than its minor allele (allele 2). Notice the hit for V$NFKAPPAB50_01 is on the 

forward strand. It appears that rs6031444 is located only 5 base pairs upstream of an 

alternative mRNA initiation site. It could be hypothesized mRNA expression of transcript 



 

 180 

AL132999 may be NFKB-dependent and correlated to the rs6031444 genotype. 

However, the dbSNP database suggests the rs6031444 minor allele has a very low 

population frequency, if it truly exists at all in the human population. 

 

Figure 95 UCSC Browser Example 19 (rs1680789) 

It is sometimes possible to find that the two alleles of a given rsnumber do not have their 

best respective MATCH score for a given transcription factor matrix aligning on the same 

strand or with the same offset position along the chromosome. This may commonly 

occur when the MATCH score (m1 and m2) are very different. For example when 

rs1680789 is matched against the “V$NFKB_Q6” matrix (hit 11), allele 1 matches on the 

plus strand (p1 = -9), and allele2 matches on the minus strand (p2 = -5). This effect may 

be more frequently seen when the polymorphism is a type of insertion or deletion 

 

 

In this example the highest MATCH score for rs1680789, with matrix V$NFKB_Q6 

aligned on opposite strands (rs1680789_A1 has forward arrows, rs1680789_A2 has 
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reverse arrows). The potential score for these hits is high (rs6013444_P is very dark, 

and rs6031444_A1 and rs6031444_A2 are very opposite intensity).  

 

Figure 96 UCSC Browser Example 19 (rs2104240) 

In this example the highest MATCH score for rs2104240, with matrixes 

V$NFKAPPAB_01, V$NFKB_C, V$NFKB_Q6, and V$NFKB_Q6_01 are shown. The 

intensity of the potential score track (rsnumber_P) for these hits are proportional to the 

difference in intensity between the MATCH score tracks (rsnumber_A1 and 

rsnumber_A). 
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1.12.7 Chromosome 

When the “Chromosome” checkbox is checked, the results will be filtered to include 

those from a single chromosome (1-22, X, Y). 

 

1.12.8 Position Range 

Users may require to only return results from a limited range of base pair positions. 

When the “Position Range” checkbox is checked, only those polymorphisms that are 

positioned within the specified lowest and highest chromosomal base position will be 

returned. 

 

1.12.9 Example 20 - Restricting By Chromosome and Position Range  

This example returns 12 rsnumbers positioned on chromosome 8 between base pair 

128,100,000 and 128,700,000 that have potential scores greater than or equal to 0.3 for 

any of the 384 “high” quality matrixes. The results are sorted by chromosomal position. 

 

Figure 97 Input Parameters for Example 20 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (checked) = “0.3” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sorted Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Chromosome (checked) = “8” 

STEP 2 - Show the Position Details (checked) 
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STEP 2 - Position Range (checked); lowest base =”128100000”; highest base = 

“128700000” 
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1.12.10 Strand  

When the ”Strand” checkbox is checked it is possible to limit results to those that where 

the highest MATCH scores align to the “plus” or “minus” strand of the DNA.  

 

1.12.11 Example 21 - Strand 

This is like Example 19 except only hits with a MATCH aligning to the plus strand of the 

genome (where s1 and/or s2 = “+”) are returned. Notice that the hit for rs1680789 with 

V$NFKB_Q6 is included because the match for allele1 is on the plus strand (s1 = “+”). 

There are 6 results found. Rerunning this query using the log file will cause Error 3 

(Figure 207 page 410). 

 

Figure 98 Input Parameters for Example 21 

Same as Example 19 plus: 

STEP 2 - Strand (checked) = “+” 
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1.12.12 Genomic Regions 

It is possible to restrict results to those polymorphisms that are located within specific 

genomic regions. Lists have been curated to identify all of the human polymorphisms 

(UCSC browser hg18.snp126.name) that are located within 9 genomic regions. The 

number of polymorphisms that have been identified in each of these regions is listed in 

parentheses next to the region name. During a query, a column for each of these 

regions is shown in the output results table stating if the rsnumber is located within that 

region (“yes”) or not (“-“). Users may select using the “or” (union) or the “and” 

(intersection) buttons. Using the “and” button tends to increase the run time considerably 

(6 - 10 minutes), as does combining many of these regions in a single query. 

 

1.12.12.1 Definition - up10k 

A list of polymorphisms positioned within 10,000 base pairs upstream of any refGene 

transcript.  

 

1.12.12.2 Definition - phastconsElements17way 

A list of polymorphisms positioned within 10,000 base pairs upstream of any refGene 

transcript. (in a region under track hg18.phastConsElements17way) 

 

1.12.12.3 Definition - utr5  

A list of polymorphisms positioned within any 5 prime untranslated region of a refGene 

transcript. 

 

1.12.12.4 Definition - coding  

A list of polymorphisms positioned within any coding region of a refGene transcript. 
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1.12.12.5 Definition - down10k 

A list of polymorphisms positioned within 10,000 base pairs downstream of any refGene 

transcript  

 

1.12.12.6 Definition - exons  

A list of polymorphisms positioned within any exons of any refGene transcript  

 

1.12.12.7 Definition - introns  

A list of polymorphisms positioned within any intron of any refGene transcript  

 

1.12.12.8 Definition - utr3  

A list of polymorphisms positioned within any 3 prime untranslated region of a refGene 

transcript. 

 

1.12.12.9 Definition - all  

A list of all polymorphisms in the above listed regions 

 

1.12.13 Example 22 - Genomic Regions 

This example identifies the first five Delta-MATCH hits for the transcription factor matrix 

V$NFKB_Q6, where the polymorphism is located with any a region 10,000 bases 

upstream of any refGene transcript, or located in a region of high conservation.  

 

Figure 99 Input Parameters for Example 22 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 
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STEP 2 - Minimum Potential Score (unchecked)  

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Genomic Regions (checked) = “up10k; phastconsElements17way”; or 

 

 

 

 

 

 

 

Figure 100 Example 22a (button set to ‘or’) 
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Figure 101 Example 22b (button set to ‘and’) 

 

 

1.12.14 Bonferonni Correction 

When the “Bonferonni Correction” checkbox is checked, the results are limited to 

those rsnumbers that have a “Bonferonni-adjusted rareness” value (bonferonni) less 

than or equal to the user-defined minimum. The Bonferonni-adjusted rareness is 

calculated by multiplying the rareness of the rsnumber by the total number all 

rsnumbers (hits) that passed the cumulative selection criteria. 

 

Equation 20 -  Bonferonni-adjusted rareness (bonferonni) 

bonferonni = rareness * (total number of results returned prior to adjustment) 

 

For example, if the “V$NFKB_Q6” mat_id is selected as a “Single Matrix” search, and 

only the “Matrix Details” and the “Bonferonni Correction” boxes are checked with the 

“Minimum Bonferonni-adjusted rareness” set to “0.005” (the default), only those 7 of the 

950 “V$NFKB_Q6” results are returned. This Bonferonni Correction may be useful when 

examining large genotyping dataset to determine which of a large list of polymorphisms 
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may have a very strong, although rare, potential to alter transcription factor binding after 

adjusting for multiple testing. Note that the “Matrix Details” box must also be checked to 

see the Bonferonni-adjusted frequency (Bonferonni) in the results table (Figure 103 

page 191). 
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1.12.15 Example 23 - Bonferonni 

This example will return 7 hits for the V$NFKB_Q6 matrix where the Bonferonni-adjusted 

rareness is less than or equal to 0.005. The output includes the columns specific to the 

Matrix Details checkbox, plus the addition of a bonferonni column (bonferonni). 

 

Figure 102 Input Parameters for Example 23 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (unchecked)  

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Show the Matrix Details (checked) 

STEP 2 - Bonferonni Correction (checked) = “0.005” 
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Figure 103 Bonferonni - Adjusted Rareness (bonferonni) 

 

 

1.12.16 Minimum Number of Delta-MATCH Hits 

When the “Minimum Number of Delta-MATCH Hits” checkbox is checked results may 

be limited to include those polymorphisms that have minimum total number of hits in the 

Delta-MATCH database. Theoretically, since there are 550 matrixes in the database, a 

single rsnumber could have up to 550 total numbers of hits. When the “Min Total 

Number of Delta-MATCH Hits” box is checked an additional column of results is returned 

showing how many hits each remaining rsnumber has in the database. 
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1.12.16.1 Definition - number_hits 

This is the total number of hits in the Delta-MATCH database for this rsnumber. 

Theoretical max number possible for this variable is 550 (one hit per matrix). 

 

1.12.17 Example 24 - Minimum Total Number of Delta-MATCH Hits 

In this example all hits for rs5743836 and rs6031444 and sorted by “chrom asc, position 

asc”. Polymorphism rs6031444 returns 8 hits, and rs5743836 returns 4 hits (Figure 24A). 

When this same query is rerun with the minimum number hits box checked and set to 5, 

only the 8 results for rs6031444 are returned because the total number of hits for 

rs5743836 in the Delta-MATCH database is only 4, and is less than the selected 

minimum (Figure 106 Example 24B Results Table, page 194). Rerunning this query 

using the log file will cause Error 3 (Figure 207 page 410). 

 

Figure 104 Input Parameters for Example 24 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (unchecked)  

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (unchecked) 

STEP 2 - Sorted Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked) = “rs5743836, rs6031444” 

 (example 24B adds the following parameter) 

STEP 2 - Minimum Total Number of Delta-MATCH Hits (checked) = “5” 
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Figure 105 Example 24A Results Table 

 

 

Figure 106 Example 24B Results Table 

 

 

1.12.18 Hugo Names 

When the “Hugo Names” checkbox is checked, each rsnumber is searched to see if it 

is associated (is located within or next to) a known transcript. If that transcript is 

annotated in the HUGO database, the HUGO name will be shown in the results table. It 

is sometimes convenient to view only those rsnumbers that associate with annotated 

HUGO names when perusing a results table looking for interesting candidate genes. 

Therefore, it is possible to limit the results table to only include those rsnumbers with a 

that are located within or near to an annotated HUGO name, by checking the internal 

check box (“Limit results to rsnumbers next to known HUGO_GENES”). 
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1.12.18.1 Definition - hugo_name 

This is the gene name abbreviation in the HUGO database (UCSC genome browser 

hg18.refGene.name2) that is associated with this corresponding rsnumber. A single 

rsnumber may associate with multiple HUGO names and if it is, they will be numerically 

listed.  

 

A complete list of the associations between the SNP to HUGO names can be 

downloaded in the file “SNP-Genes_HUGO.txt” (48.4 Mb) from the website (Delta-

MATCH > Downloads). Note that 2,890,665 rsnumber to HUGO name association 

exist. 

 

1.12.19 Example 25 - HUGO Names 

In this example, three rsnumbers are search against a single matrix. Because the Hugo 

Names checkbox is checked, an additional column (hugo_name) is found in the results 

table. Note that rsnumber rs2305917 is associated with four HUGO names (TBC1D17, 

AKT1S1, IL4I1, and NUP62), rs6031444 is associated with one HUGO name (JPH2), 

and rs8030978 is not associated with a HUGO name. If this example had been re-run 

with the internal (“Limit results to rsnumbers next to known HUGO genes”) box checked, 

only the results for rs2305917 and rs6031444 would have been returned. The 

hugo_name hyperlinks to the UCSC browser entry for the corresponding HUGO name. 

Rerunning this query using the log file will cause Error 3 (Figure 207 page 410). 

 

Figure 107 Input Parameters for Example 25 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (unchecked)  
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STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sorted Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked) = “rs6031444, rs8030978, rs2305917” 

STEP 2 - Hugo Names (checked); Limit results to rsnumbers next to known 

HUGO_GENES (unchecked) 
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Figure 108 Example 25 Results Table 

 

 

1.12.20 Reflink 

When the “Reflink” checkbox is checked, 7 additional columns are presented in the 

results table that describe other information about the HUGO genes associating with 

each rsnumber.  
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1.12.20.1 Definition - reflink_product 

This field further describes the HUGO name. (UCSC genome browser track 

hg18.refLink.product) 

 

1.12.20.2 Definition - reflink_mrnaAcc 

This field links to the NCBI Entrez Nucleotide entries and may include non-human 

entries. (UCSC genome browser track hg18.refLink.mrnaAcc) 

 

1.12.20.3 Definition - reflink_protAcc 

This field links to the NCBI Entrez Protein entries. (UCSC genome browser track 

hg18.refLink.protAcc) 

 

1.12.20.4 Definition - reflink_name 

This field links to the NCBI Entrez Gene entries. These reflink_names may be 

duplicated. (UCSC genome browser track hg18.refLink.name) 

 

1.12.20.5 Definition - reflink_prodName 

(UCSC genome browser track hg18.refLink.prodName) 

 

1.12.20.6 Definition - reflink_locusLinkId 

This field links to the NCBI Entrez Gene entries for homologous genes in other non-

human organisms. These reflink_locusLinkId may be duplicated. (UCSC genome 

browser track hg18.refLink.locusLinkId) 
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1.12.20.7 Definition - reflink_omimId 

This field links to the NCBI Entrez OMIM (Online Mendelian Inheritance in Man) 

database. These reflink_omimId may be duplicated. (UCSC genome browser track 

hg18.refLink.omimId) 

 

It is additionally possible to limit results to only include rsnumbers associated with 

particular text names by checking the additional internal “Limit results with text matching 

the hg18.reflink_product” box. If the submitted text (1,024 characters maximum) is not 

an exact match for a term in the associated product (hg18.refLink.product), the rsnumber 

will be excluded, and those rsnumbers with and exact match will be returned in the 

results table. 

1.12.21 Example 26 - Reflink 

This example will search for the top 5 hits for the V$NFKB_Q6 matrix that are associated 

with hugo name gene that has the word “kinase” in its HUGO name annotation 

(hg18,reflink_product), and also having a potential greater than or equal to 0.30. 

 

Figure 109 Input Parameters for Example 26 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.30” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Hugo Names (checked); Limit results to rsnumbers next to known HUGO-

GENES (unchecked) 

STEP 2 - Reflink (checked); Limit results with text matching the hg18.reflink_product 

(checked) = “kinase” 
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Figure 110 Example 26 Results Table 
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1.12.22 Distance from txStart or cdStart 

When the “Distance from txStart of cdStart” checkbox is checked, it is possible to view 

how far each rsnumber is from the transcriptional and coding start site for each of its 

associated hugo names. When checked, three additional columns appear in the results 

page. Multiple values for these varibles are enumerated. 

 

1.12.22.1 Definition - dist_from_ref (distance from reference) 

This is the distance in base pairs that this rsnumber is from the input reference base 

position. By default the input reference base position equals 1 (so by default; 

dist_from_ref = chromStart -1). 

 

1.12.22.2 Definition - dist_from_tx (distance from transcription start site) 

This is the distance in base pairs that the rsnumber is from the transcriptional site start 

for any associated HUGO name transcript. 
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1.12.22.3 Definition - dist_from_cds (distance from coding start site) 

This is the distance in base pairs that the rsnumber is from the coding site start for any 

associated HUGO name transcript. 

 

When the internal sub-checkboxes are checked, results will be restricted to only those 

rsnumbers that are positioned within the specified distances from an associated HUGO 

name transcriptional and/or coding start site. For those rsnumbers with multiple 

transcripts associated with it, an rsnumber must be positioned within the specified 

number of bases for at least one start site to pass the criteria.  

1.12.23 Example 27 - Distance From txStart or cdStart 

This example will try to return up to five hits for the V$NFKB_Q6 matrix that have 

potential scores greater than or equal to 0.8 for rsnumbers located within 2000 base 

pairs of both a known transcriptional, and a coding start site. Only 3 rsnumbers are 

returned. These rsnumbers associate with the HUGO names JPH2, BMF, and EIF4G2. 

 

Figure 111 Input Parameters for Example 27 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Hugo Names (checked); Limit results to rsnumbers next to known HUGO-

GENES (unchecked) 

STEP 2 - Distance From txStart or cdStart (checked); = (“1”, “2000”, “2000”) 
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Figure 112 Example 27 Results Table 
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1.12.24 Gene Ontology 

When the “Gene Ontology” checkbox is checked, two additional columns appear in the 

results table that detail any gene ontology names and accession numbers associated 

with a given HUGO name. If the internal checkbox (“Limit to text matching a ‘Gene 

Ontology’ term”) is checked, only those rsnumbers with go_names matching the 

submitted text will be returned. It is useful to have the Hugo Names checkbox checked 

when examining Gene Ontology results. Hyperlinks go to the associated AmiGO 

database entry (http://amigo.geneontology.org). 

 

1.12.24.1 Definition - go_names (gene ontology names) 

These text descriptions of all of the gene ontology names associated with the 

corresponding HUGO name. 

 

1.12.24.2 Definition - go_number (gene ontology number) 

These are accession numbers for the gene ontology names associated with the 

corresponding HUGO name. 

 

1.12.25 Example 28 - Gene Ontology 

This example returns all results for V$NFKB_Q6, with a potential greater than or equal to 

0.8 where the HUGO name for the rsnumber has a gene ontology term matching the text 

“transcription”. Results are found for three HUGO names (NR3C1, RXRG, and TEAD1). 
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Figure 113 Input Parameters for Example 28 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (checked) = “5” 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Hugo Names (checked); Limit results to rsnumbers next to known HUGO-

GENES (unchecked) 

STEP 2 - Gene Ontology (checked); Limit to text matching a Gene Ontology term 

(checked) = “transcription” 
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Figure 114 Example 28 Results Table 

 

 

1.12.26 Affymetrix 

When the Affymetrix checkbox is checked, it is possible to restrict results to those 

rsnumber that are present on an Affymetrix genotyping chip (SNPchip). It is possible to 

select from a number of chip platforms including the10k, 100k and 500k chips: 
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• 500k_all (492,555) 

• 250k_nsp (257,877) 

• 250k_sty (234,678) 

• 10k_all (11,383) 

• 10k_xba131 (10,009) 

• 10k_xba142 (11,316) 

• 100k_all (115,117) 

• 50k_hind240 (56,726) 

• 50k_xba240 (58,391) 

• all_affy_snps< (583,396) 

 

The number of Delta-MATCH SNPs on each platform is listed on each SNPchip is listed 

in within the parentheses. 

 

1.12.27 Example 29 - Affymetrix 

This example returns all results for V$NFKB_Q6, with a potential greater than or equal to 

0.8 where the rsnumber is present on the Affymetrix 500k SNPchip. Three rsnumbers 

are returned (rs3093317, rs6481864, rs6036746) 

 

Figure 115 Input Parameters for Example 29 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 
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STEP 2 - Affymetrix (checked) = “500k_all (492,555) 

 

 

 

 

 

 

1.12.28 Using the HapMap Database to Find Other rsnumbers in Strong 

Linkage Disequilibrium with Polymorphisms on an Affymetrix SNPchip 

 

Sometimes a high-throughput genotyping survey will identify a number of polymorphisms 

that associate with a particular phenotype (variable mRNA expression levels), but the 

markers themselves can’t be linked back to a biological affect using traditional 
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techniques of molecular biology (promoter reporter assays). In these cases, it may be 

useful to look for other polymorphisms in strong “linkage disequilibrium” with the 

associated ones. It is possible to use the HapMap database to do this. 

 

When the “Include SNPs in strong LD with those on the Affymetrix 500k SNP-chip” 

checkbox is checked, it is possible to search for results that are not present on the 

specified Affymetrix SNPchip, but are in strong “linkage disequilibrium” with those that 

are. In this way it is possible to identify markers that are not on the common genotyping 

platforms that may have a biological affect (an ability to create allele-specific 

transcription factor binding site).  

 

1.12.28.1 Definition - linkage disequilibrium (LD) 

This is a term that describes how much recombination has occurred between two 

markers positioned on the same chromosome. A pair of markers will have high linkage 

disequilibrium and be inherited together when the distance between them is small, when 

the time between the origination of the first and second marker was small, and when the 

time of the origination of the second marker is recent 

(http://www.hapmap.org/gbrowse_help.html). 

 

1.12.28.2 Definition - rsquare (r2 linkage disequilibrium value) 

This is a statistic that reflects the degree of linkage disequilibrium between two genetic 

markers [32]. 

 

1.12.28.3 Definition - dprime (D’ linkage disequilibrium value) 

This is a statistic that reflects the degree of linkage disequilibrium between two genetic 

markers [33]. 
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Thus far 12 pre-tabulated lists of polymorphisms have been created using three 

minimum rsquare cutoff values (1.0, 0.9, or 0.8) paired with one of four separate ethnic 

populations (CEU, YRI, JPT, and CHB). 

 

• CEU = Caucasian / European 

• YRI = Yoruba / African 

• JPT = Japanese 

• CHB = Chinese 

 

Figure 116 Population / Linkage Disequilibrium rsquare Pairs for the Affymetrix 

500k SNPchip 

This is a list of pre-tabulated LD lists. The number of polymorphisms found in each is 

found inside the parentheses. Notice that there are higher numbers of polymorphisms on 

the lists with lower rsquare cutoff values. Also notice that the African population has the 

lowest amount of linkage disequilibrium (smallest lists) when compared to the other 

HapMap populations. In effect, by checking the additional checkbox under the Affymetrix 

section it is possible to search the Delta-MATCH database for more than 2.8-fold the 

number of polymorphisms on the original 500k SNPchip (maximum fold increase is for 

CEU @ 0.8 = 1,396,609 / 492,555 = 2.84) 
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1.12.29 Example 30 - Affymetrix with Linkage Disequilibrium 

This example returns all results for V$NFKB_Q6, with a potential greater than or equal to 

0.8 for any rsnumber present on the Affymetrix 500k SNPchip, and for any rsnumber in 

strong linkage disequilibrium with any marker present on the Affymetrix 500k SNPchip. 

In addition to the three rsnumbers identified in Example 29, this example returns an 

additional 8. Note one additional column (name_affy) is shown in the results table for this 

example. 

 

1.12.29.1 Definition - name_affy 

This is a description of whether or not this rsnumber is “present” or “absent” from the 

Affymetrix 500k SNPchip. 

 

Figure 117 Input Parameters for Example 30 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (unchecked) 
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STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Affymetrix (checked) = “500k_all (492,555)”; Include SNPs in strong LD with 

those on the AFFY 500k SNP-CHIP (checked) = “CEU rsquare >= 1.0 (1,058,667)” 
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Figure 118 Example 30 Results Table 

 

 

1.12.30 Illumina 

When the Illumina checkbox is checked, it is possible to restrict results to those 

rsnumbers that are present on an Illumina genotyping SNPchips (ILMN_HumanHap550 

and ILMN_HumanHap300). The number of the polymorphisms on each SNPchip is 

noted in the parentheses. As with the Affymetrix box, it is possible to identify Delta-

MATCH hits for polymorphisms that are not present on the Illumina 550k chip, but in 

strong linkage disequilibrium with those markers that are present on the 550k chip by 

checking the “Include SNPs in strong LD with those on the ILMN_humanHap550 SNP-

CHIP” box. By checking the additional checkbox under the Illumina section it is possible 

to search the Delta-MATCH database for more than 2.9-fold the number of 

polymorphisms on the original 500k SNPchip (maximum fold increase is for CEU @ 0.8 

= 1,639,617 / 555,174 = 2.95) 
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Figure 119 Population / Linkage Disequilibrium rsquare Pairs for the Illumina 550k 

SNPchip 
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1.12.31 Example 31 - Illumina 

This example returns all results for V$NFKB_Q6, with a potential greater than or equal to 

0.8 where the rsnumber is present on the Illumina 550k SNPchip. Three rsnumbers are 

returned (rs3093317, rs10800098, rs6036746). (Note, only two of these three are the 

same as the three returned in the first Affymetrix example.) 

 

Figure 120 Input Parameters for Example 31 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Illumina (checked) = “ILMN_HumanHap550_SNPlist (555,174)”; Include 

SNPs in strong LD with those on the ILMN_HumanHap550 SNP-CHIP (unchecked)  
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1.12.32 Example 32 - Illumina with Linkage Disequilibrium 

This example returns all results for V$NFKB_Q6, with a potential greater than or equal to 

0.8 for any rsnumber present on the Illumina 550k SNPchip, and for any rsnumber in 

strong linkage disequilibrium with any marker present on the Illumina 550k SNPchip. In 

addition to the three rsnumbers identified in Example 31, this example returns an 

additional 8. Note one additional column (name_illumina) is shown in the results table for 

this example. 

 

1.12.32.1 Definition - name_illumina 

This is a description of whether or not this rsnumber is “present” or “absent” from the 

Illumina 550k SNPchip. 

 

Figure 121 Input Parameters for Example 32 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6” 

STEP 2 - Minimum Potential Score (checked) “0.8” 

STEP 2 - Top Most Significant Hits (unchecked) 



 

 217 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Illumina (checked) = “ILMN_HumanHap550_SNPlist (555,174)”; Include SNPs 

in strong LD with those on the ILMN_HumanHap550 SNP-CHIP (checked) = “CEU 

rsquare >= 1.0 (1,185,043)” 

 

 

 

 

 

 

1.12.33 Example 33 - Affymetrix and Illumina (all checkboxes checked) 

This example returns all results for V$NFKB_Q6, with a potential greater than or equal to 

0.8 for any rsnumber present on or in strong disequilibrium with markers on the 
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Affymetrix 500k and Illumina 550k SNPchip. Six rsnumbers are returned. The status of 

whether or not each polymorphism is “present” or “absent” on each SNPchip is noted 

(name_affy and name_illumina). 

 

Figure 122 Input Parameters for Example 33 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Affymetrix (checked) = “500k_all (492,555)”; Include SNPs in strong LD with 

those on the AFFY 500k SNP-CHIP (checked) = “CEU rsquare >= 1.0 (1,058,667)” 

STEP 2 - Illumina (checked) = “ILMN_HumanHap550_SNPlist (555,174)”; Include 

SNPs in strong LD with those on the ILMN_HumanHap550 SNP-CHIP (checked) = 

“CEU rsquare >= 1.0 (1,185,043)” 
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Figure 123 Example 33 Results Table 

 

 

1.12.34 HapMap 

Although it is possible to search the Delta-MATCH database for more than 2.8-fold and 

2.9-fold the number of markers present on the Affymetrix 500k and Illumina 550k 

SNPchip (respectively) by looking for markers that are strong linkage disequilibrium to 



 

 220 

those present on a given genotyping platform (examples 29 through 33), it is also very 

helpful to visualize the linkage relationship between markers in a results table. If you 

were to rerun examples 29 through 33 with the HapMap checkbox checked, there would 

be many additional columns returned in the results table that are derived from the 

HapMap database. These columns detail the  linkage disequilibrium statistics between 

pairs of markers. Furthermore, it is possible to restrict results to those with a minimum 

dprime, rsquare linkage disequilibrium statistic, and a minimum likelihood odds score 

(LOD) (see the http://www.hapmap.org website for the details). 

 

1.12.34.1 Definition - ld_name 

This is the name of a polymorphism in strong LD with the given rsnumber. There may 

be multiple ld_names for each rsnumber. Clicking the hyperlink will open the UCSC 

Genome Browser link for the ld_name. 

 

1.12.34.2 Definition - ld_name_affy 

This is a statement of whether the ld_name is “present” or “absent” on the Affymetrix 

500k SNPchip. 

 

1.12.34.3 Definition - ld_name_illumina 

This is a statement of whether the ld_name is “present” or “absent” on the Illumina 550k 

SNPchip. 

 

1.12.34.4 Definition - ld_lod 

This is the likelihood odds ratio statistic value for the LD between the rsnumber and 

ld_name. 
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1.12.34.5 Definition - ld_dprime 

This is the dprime statistic value for the LD between the rsnumber and ld_name. 

 

1.12.34.6 Definition - ld_rsquare 

This is the rsquare statistic value for the LD between the rsnumber and ld_name. 

 

1.12.34.7 Definition - ld_pos_dif 

This is the number of base pairs between the rsnumber and ld_name (hg17). 

 

1.12.34.8 Definition - ld_pos1_hg17 

This is the base position of the rsnumber in the human genome (hg17). 

 

1.12.34.9 Definition - ld_pos2_hg17 

This is the base position of the ld_name in the human genome (hg17). 

 

1.12.34.10 Definition - ld_fbin 

This is a binning value for this LD pair. 

 

Note: The actual search for markers in strong linkage disequilibrium with each rsnumber 

is done after all of the primary hits have been found. Therefore it is possible to use this 

HapMap function in conjunction with any one the previous examples. When no 

ld_names are found for a given rsnumber, the above 9 parameters are left blank. 
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1.12.35 Example 34 - Affymetrix with HapMap 

This example returns the same 11 results as from example 30. However, additional 

columns in the results table detail other polymorphisms in the HapMap database 

(ld_name) that are in strong linkage disequilibrium with the each rsnumber. The number 

of ld_names returned for each rsnumber can be controlled (only those ld_names with an 

associated ld_square, ld_square, and ld_lod greater than or equal to the input 

parameters will be returned). In this example, rs6036746 is in perfect linkage 

disequilibrium (ld_prime = 1.0; ld_square = 1.0) with 9 polymorphisms (rs6049622, 

rs6036747, rs6036748, rs6114672, 6049623, rs6049624, rs1474735, rs1474734, and 

rs2143508). It might be expected associations between each of these 9 polymorphisms 

and a given phenotype might be equivalent (because of the strong linkage disequilibrium 

between them). However, rs6036746 is the only one of these ten polymorphisms 

predicted by Delta-MATCH to have a high potential (potential = 0.9978) to create an 

allele-specific transcription factor binding site for matrix V$NFKB_Q6. 

 

Figure 124 Input Parameters for Example 34 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.80” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Affymetrix (checked) = “500k_all (492,555)”; Include SNPs in strong LD with 

those on the AFFY 500k SNP-CHIP (checked) = “CEU rsquare >= 1.0 (1,058,667)” 

STEP 2 - HapMap (checked); HapMap population = “CEU European”; ld_prime >= 

“1.00”; ld_square >= “0.8”; ld_lod >= “18”; View HapMap Details (checked) 
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Figure 125 Example 34 Results Table 
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1.12.36 Example 35 - Affymetrix with HapMap (with Minimum Total Number 

of Delta-MATCH Hits) 

This example uses the same parameters as example 34 plus the addition of checking 

“Minimum Total Number of Delta-MATCH Hits”. It returns all 11 of the hits found in 

examples 30 and 34. In the results table are two columns (number_hits and 

ld_number_hits) that show the “Total number of Delta-MATCH Hits for each rsnumber 

and ld_name respectively. In this example rs6036746 has four hits (number_hits = 4). 

Notice that rs1474734 (ld_name (8) for rs6036746) has 3 total hits in the Delta-MATCH 

database. If the “Minimum Total Number of Delta-MATCH Hits” had been set to a higher 

number (7), only four of the 11 rsnumbers would have been returned (where 

number_hits >= 7). 

 

Figure 126 Input Parameters for Example 35 

 (Same as Example 34 plus the following) 

STEP 2 - Minimum Total Number of Delta-MATCH Hits (checked) = “1” 
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Figure 127 Example 35 Results Table (partial) 

 

 

1.12.37 HIV-1 Candidate Genes 

It is possible to restrict results to include rsnumbers that have been investigate for their 

association to HIV-1 by checking the box for “HIV-1 Candidate Genes”. Data have been 

adapted from a whole genome association study of major determinants for host control 

of HIV-1 [34]. 
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1.12.38 Example 36 - HIV-1 Candidate Genes 

This example will return rsnumbers for the “high quality” NF-kappaB matrixes that have 

potential scores greater than or equal to 0.5, and have HIV-1 log P-values (-logp) that 

are greater than or equal to 1.0. Exactly 12 rsnumbers are returned. Using this checkbox 

will make the output include a column (-logp) that describes the association study P-

value significance. 

 

1.12.38.1 Definition - log P-value (-logp) 

This is the log-transformed p-value for the significance of this rsnumber from the 

genome-wide association study (Fellay et al.) [34]. 

 

Figure 128 Input Parameters for Example 36 

STEP 1 - (3) Transcription Factor Name = “NF-kappaB” 

STEP 2 - Minimum Potential Score (checked) = “0.3” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - HIV-1 Candidate Genes (checked); (-logp = “1.0”) 
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1.12.39 Copy Number Variation 

Some regions of the genome are known to be associated with copy number variation. It 

is possible to search the Delta-MATCH database for only rsnumbers that are positioned 

in regions of copy number variation as specified in the “Database of Genomic Variants” 

(http://projects.tcag.ca/variation/) [35, 36]. 

 

1.12.40 Example 37 - Copy Number Variation 

This example will search for all “V$NFKB_Q6” rsnumbers that have potential scores 

greater than or equal to 0.8 that are located in a region of copy number variation. Exactly 

14 results are returned. 
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Figure 129 Input Parameters for Example 37 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (checked) = “0.8” 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Copy Number Variation (checked) 

 

 

 

 

 

 

1.12.41 PReMod Modules 

When the “PReMod” checkbox is checked, it is possible to require that returned 

rsnumber hits are located within regulatory regions called PReMod Modules [24, 25]. If 
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no modules are found that fit the specified criteria, Error 9 will be returned (Figure 213 

page 413). Please view the “PReMod key” text file to learn identify the relationships 

between the “FACTOR”, “MODULE_MATRIX”, and “MAT_ID” names. There are 

currently 123,510 PReMod modules defined and mapped to the human genome SNP 

database (UCSC table hg17.snp125). 

 

1.12.42 Example 38 - PReMod Modules 

This search returns the list of Delta-MATCH predictions for polymorphisms that are 

located within regulatory regions called PReMod modules for all TFBS matrixes. Only 

polymorphisms located with PReMod modules tagged for both NF-kappaB (“M00769” = 

“V$NFKB_Q6”) and SMAD-3 (“M00701” = “V$SMAD3_Q6”) are considered. The 

report.html file (Figure 131 page 231) shows that 22 results are returned and located 

within 8 PReMod modules for 14 unique rsnumbers. 

 

Figure 130 Input Parameters for Example 38 

STEP 1 - (5) All Transcription Factor Matrix Names 

STEP 2 - Minimum Potential Score (unchecked) 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (unchecked) 

STEP 2 - Sorted Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - PReMod Modules (checked); input 5 terms max = “M00769, M00701”; “and”  
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Figure 131 Example 38 PReMod Modules Summary (report.html)  
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1.12.43 UCSC rsnumber Details 

When the “UCSC rsnumber Details” checkbox is checked, it is possible to restrict results 

to include other selection criteria that are specific human SNP database (hg18.snp126). 

The reference base for the UCSC browser (refUCSC) and NCBI database (refNCBI) for 

the two observed alleles (observed), and the strand of the rsnumber (strand) can be 

viewed. Note: the reference base at UCSC will be the reverse complement of one of the 

two observed alleles when the “strand” is “-“. It is possible require a certain minimum 

average heterozygosity (avHet), or limit results by “Validation” (validtype), “Function” 

(functype), “Location” (loctype), and “Molecular” (moltype) type [37, 38]. It is possible 

to us the “and” / “or” buttons below the selections to control if the results are the 

intersection or union of the selected criteria. The number of polymorphisms categorized 

by each parameter is listed in parentheses [by-2hit-2allele (1,692,687)].  

 

1.12.43.1 Warning - Using the “and” buttons will greatly increase computation 

time. 

 

1.12.43.2 Definition - reference base at the UCSC Browser (refUCSC) 

This is the reference base displayed on the “plus” strand of the human genome browser 

(hg18.snp126.refUCSC). 

 

1.12.43.3 Definition - reference base at NCBI (refNCBI) 

This is the reference base displayed on the “plus” strand of the human genome browser 

(hg18.snp126.refNCBI). 
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1.12.43.4 Definition - the observed alleles at this rsnumber (observed) 

These are the two alleles for this rsnumber (hg18.snp126.observed). 

 

1.12.43.5 Definition - rsnumber strand (strand) 

This is the strand (“+” or “-“) of the rsnumber (hg18.snp126.strand). 

 

1.12.43.6 Definition - Validation Types (validtype) 

This is the average heterozygosity of the rsnumber (hg18.snp126.valid). 

 

1.12.43.7 Definition - Function Types (functype) 

This is the average heterozygosity of the rsnumber (hg18.snp126.func). 

 

1.12.43.8 Definition - Locations Types (loctype) 

This is the average heterozygosity of the rsnumber (hg18.snp126.loctype). 

 

1.12.43.9 Definition - Molecular Types (moltype) 

This is the average heterozygosity of the rsnumber (hg18.snp126.moltype). 

 

1.12.43.10 Definition - Average Heterozygosity (avHet) 

This is the average heterozygosity of the rsnumber (hg18.snp126.avHet). 

 

1.12.43.11 Definition - Average Heterozygosity (avHetSE) 

This is the standard error of the average heterozygosity of the rsnumber 

(hg18.snp126.avHetSE). 
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1.12.44 Example 39 - UCSC rsnumber Details 

This example will search for “V$_NFKB_Q6” rsnumbers that have a minimum average 

heterozygosity (avHet) greater than or equal to 0.05, that have a “by-2hit-2allele” valid 

type (validtype), a “locus” function type (functype), an “exact” location type (loctype), and 

a “genomic” molecular type (moltype). Exactly 13 rsnumbers are returned. 

 

Figure 132 Input Parameters for Example 39 

STEP 1 - (1) Single Transcription Factor Matrix Name = “V$NFKB_Q6 (950)” 

STEP 2 - Minimum Potential Score (unchecked) 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - UCSC rsnumber Details (checked); “Select Minimum Average Heterozygosity 

Cutoff = “0.05” (checked); “Select ‘Validation’ Types” (checked/by-2hit-2allele/or); 

“Select ‘Function Types’” (checked/locus/or); Select ‘Location Types’” 

(checked/exact/or); “Select ‘Molecular Types’” (checked/genomic/or) 
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Figure 133 Example 39 Results Table (partial) 
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1.12.45 Example 40 - NF-kB (rs5743836, rs6031444, rs28431981) 

This example will search for all NF-kB hits for the three specified rsnumbers. Ten hits 

are returned; rs28431981 has four, rs6031444 has four and rs5743836 has three. These 

results are detailed in the following section (page 239).  

 

Figure 134 Input Parameters for Example 40 

STEP 1 - (3) Transcription Factor Name = “NF-kappaB”STEP 2 - Minimum Potential 

Score (unchecked) 

STEP 2 - Top Most Significant Hits (unchecked) 

STEP 2 - Matrix Quality (checked) = “high” 

STEP 2 - Sort Results Table (checked) = “chrom asc, position asc (a)” 

STEP 2 - Search By rsnumbers (checked); rsnumbers = “rs5743836, rs6031444, 

rs28431981”; rsnumber Window (unchecked) 
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1.13 Predicting Modulators of NF-kB-dependent Transcription 

Six different NF-kB TFBS matrixes can be searched with Delta-MATCH (Table 40 page 

404). The distribution of the 4.5 million potential scores for the NF-kB TFBS matrixes is 

shown (Table 41 page 404). Exactly 950 SNPs were identified with at least one allelic 

MATCH score greater than or equal to the FP threshold score of 0.955 when matched 

against the V$NFKB_Q6 TFBS matrix (Example 6 page 148). 

 

Specifically, three SNPs with strong potential scores for NF-kB are noteworthy 

[junctophillin 2 (JPH2) rs6031444 G>T, Toll-like receptor 9 (TLR9) rs5743836 T>C, and 

kynurenine 3-monooxygenase (KMO) rs28431981 A>G] (Example 40). 

 

Figure 135 JPH2 rs6031444, TLR9 rs5733836, and KMO rs28431981 

NF-kB is Predicted to bind specifically to the JPH2 rs6031444 G>T major allele, the 

TLR9 rs5743836 T>C and KMO rs28431981 A>G minor alleles. This is the output file for 

Example 40. 

 

 

1.13.1 Junctophillin 2 (JPH2) rs6031444 G>T 

Only 7 polymorphisms out of 4,547,844 ranked as high as JPH2 rs6031444 when 

matched against the V$NFKB_Q6 TFBS matrix (potential =1.0). JPH2 has multiple 

transcriptional start sites and transcriptional isoforms of different lengths (Figure 137 

page 242). One of these isoforms is expressed highly in the right ventricle of heart 
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muscle, is an essential component of the junctional complexes between the plasma 

membrane and the endoplasmic/sarcoplasmic reticulum, and participates in Ca2+ 

homeostasis in myocytes [39, 40]. JPH2 is downregulated in hypertrophic and dilated 

cardiomyopathies, and JPH2-deficient mice die during embryogenesis [40, 41]. It may be 

an important finding that rs6031444 is located only 5 bp upstream from one of the 

transcriptional start sites, isoforms (AL132999) (Figure 136 page 241). It is plausible that 

in the heart, a tissue where NF-kB is highly expressed, the rs6031444 G allele (m1 = 

1.0) may be more likely than the T allele (m2 = 0.8895) to recruit NF-kB and drive the 

expression of the shorter JPH2 isoform. Although the frequency this polymorphism in the 

general human population is unknown, I hypothesize rs6031444 should be considered 

an important candidate SNP for cardiomyopathies and heart arrhythmias. 
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Figure 136 JPH2 rs6031444 G>T in the UCSF Browser (zoom in) 

The Position of the rs6031444 allele-specific NF-kB binding site defined by the 

V$NFKB_Q6 TFBS matrix is 5 bases adjacent to the Juctophillin 2 (JPH2) alternative 

transcriptional initiation site. Please review Example 19 to learn more about how to 

interpret the Delta-MATCH UCSC Custom Browser Tracks (A1 A2, P). 
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Figure 137 JPH2 rs6031444 G>T in the UCSF Browser (zoom out) 
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1.13.2 Toll-like receptor 9 (TLR9) rs5743836 T>C 

The TLR9 rs5743836 minor C allele (m2 = 0.974) is predicted to better recruit NF-kB 

than the major T allele (m1 = 0.853). Only 333 other SNPs in the database ranked 

greater than or equal to the TLR9 rs5743836 potential score (potential >= 0.4133) for the 

V$NFKB_Q6 TFBS matrix (Figure 138 page 244). I investigated this polymorphism for 

association with HIV-1 viremia levels by genotyping rs5743836 in an HIV-positive cohort 

(see AIM 2, TLR9 - Toll-Like Receptor 9 page 293). Although the TLR9 rs5743836 C 

allele by itself did not significantly associate with elevated viremia in the White-

Americans, TLR9 haplotype 1 (rs352140 G, rs352139 A, rs5743836 T, rs187084 T) did 

associate significantly with elevated viremia in the white HIV-1-infected population. It 

remains to be determined if the association between the TLR9 haplotype 1 with viremia 

is NF-kB-dependent. 
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Figure 138 TLR9 rs5743836 T>C May Create An Allele-specific NF-kB Binding Site 

 

 

Figure 139 TLR9 rs5743836 T>C in the UCSF Browser  
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1.13.3 Kynurenine 3-monooxygenase (KMO) rs28431981 A>G 

Delta-MATCH predicted that KMO rs28431981 A>G may bind NF-kB in an allele-specific 

manner to modulate the efficiency of catalyzing the hydroxylation of L-kynurenine to form 

L-3-hydroxykynurenine. Only 333 other SNPs in the database ranked greater than or 

equal to the KMO rs28431981 potential score (potential >= 0.984) for the V$NFKB_Q6 

TFBS matrix. Loss-of-function mutation screens in yeast identified KMO as a suppressor 

of huntingtin protein (Htt) toxicity, and rs28431981 may be considered a candidate SNP 

associated with Huntington disease [42, 43].  

 

It is noteworthy that rs28431981 is located in KMO exon at the place of a non-

synonymous substitution (Arg30Gly). However, after genotyping 240 individuals with 

RFLP and Taqman assays in sample population of Turks, I have failed to identify the 

higher scoring minor allele. I conclude the rs28431981 polymorphism is very rare, if it 

exists at all in the Turkish population. It is possible the higher scoring G allele (m2 = 

0.9844) may not truly exist in humans and may be a sequencing artifact. Even so, there 

are plans to genotype this and other Delta-MATCH predicted candidate SNPs in a 

Huntington disease cohort through collaboration with Paul Muchowski and Daniel 

Zwilling in the Gladstone Institute of Neurological Disease (GIND). 
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Figure 140 KMO) rs28431981 A>G in the UCSF Browser 

 

 

1.13.4 Validating the Delta-MATCH NF-kB Predictions 

The molecular validation of the Delta-MATCH predictions has begun with the 

collaboration of Alex Zambon (GICD). Preliminary studies with electrophoretic mobility 

shift assays (EMSA) showed that radiolabeled double-stranded oligos corresponding to 

the TLR9 and JPH2 alleles bind to nuclear extract isolated from mouse heart muscle (a 

tissue rich in NF-kB). The strength of binding correlated with the predicted MATCH 

score, and the difference in binding between a pair of alleles correlated with the Delta-
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MATCH potential score (Figure 141). Future EMSA and luciferase reporter assays may 

validate other important NF-kB Delta-MATCH predictions. 

 

Figure 141 EMSA for JPH2 rs6031444 G>T and TLR9 rs5743836 T>C. 

 

 

Nuclear extract rich in NF-kB and SRF was isolated from mouse heart tissue and 

incubated with p-32 radiolabeled double-stranded-oligos specific for the JPH2 and TLR9 

major (A1) and minor alleles (A2) (Lanes 1-4). The allelic MATCH scores for TLR9 (m1 = 

0.853, m2 = 0.974 and JPH2 (m1 = 1.0, m2 = 0.89) were retrieved from the database. 

Delta-MATCH calculated TLR9 rs5743836 T>C and JPH2 rs6031444 G>T had potential 

scores equal to 0.4133 1.0, respectively. A single stronger band is present with the JPH2 

major G allele (A1), and a partial band is present (with smear) with the TLR9 minor C 
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allele (A2) oligos (inside the black rectangle). These bands were absent when competed 

with 10x unlabelled oligo (Lanes 5-9). A single band is seen for oligo specific for SRF at 

a position different from the NF-kB band (Lane 5). Note: this gel is considered 

preliminary data and was produced by Alex Zambon (GICD). 

 

1.14 Validating Other Delta-MATCH Predictions. 

Delta-MATCH has been used to produce lists of candidate SNPs and gene targets 

involved with various biological pathways and disease phenotypes. These predictions 

may be validated through classical genetic investigation with various collaborators. 

Delta-MATCH predictions have been used to investigate a diversity of disease 

phenotypes, including aortic valve calcification (Vishal Nigam, GICD), multiple sclerosis 

(Sergio Baranzini and Jorge Oksengerg, UCSF Multiple Sclerosis Center), 

cardiomyopathy (Alex Zambon, GICD), cardiovascular disease and dyslipidemia (Ugur 

Hodoglugil, GICD), non-insulin-dependent diabetes mellitus (Sinan Tanyolac, UCSF 

Diabetes Center), tryptophan metabolism and Huntington disease (Paul Muchowski and 

Daniel Zwilling, GIND), and gliomagenesis (Alex Pico, GICD, Ru-Fang Yeh, CBMB, and 

Margaret Wrensch, UCSF Dept. of Neurological Surgery). 
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1.15 Using Delta-MATCH To Identify Species-Specific Transcription Factor 

Binding Sites Though Comparative Genomics 

 

1.15.1 Background 

Delta-MATCH can be used to identify species-specific transcription factor binding sites 

by comparing MATCH scores between humans and chimpanzees. Sequence were 

aligned across the human accelerated regions (HARs) defined by Katie Pollard in 2006 

[44, 45]. 

 

1.15.2 Method 

Exactly 126 HARs were investigated with Delta-MATCH to identify human- and 

chimpanzee-specific transcription factor binding sites. By aligning these genomes at 

each of these HAR regions, it was found that 696 base positions differed between 

human and chimpanzee [44, 45]. Each relative polymorphism was submitted through the 

Delta-MATCH algorithm using the delta_match.py script. Results for the 

human/chimpanzee comparison were curated, prioritized, and organized into a separate 

Delta-MATCH-HAR database. Exactly 264 HARs had a human or chimpanzee allele 

with a MATCH score greater than or equal to a TFBS matrix FP threshold score, and 64 

of these had potential scores greater than or equal to 0.25. The subset of 11 “nerve 

system specific” results are detailed (Figure 142 page250). 
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Figure 142 Human-specific and Chimpanzee-specific Delta-MATCH Predictions 

 

There were 11 ‘nerve system specific’ Delta-MATCH predictions. Hyperlinks embedded 

in the Delta-MATCH-HAR resultant pages exist and link to the position of the HAR sites 

in the human and chimpanzee genomes. 

 

1.15.3 Results (HAR152/PAX6) 

Delta-MATCH predicted PAX6, a transcription factor expressed in the brain will bind to 

the 3’ UTR of Neurogenin-2 (NEUROG2) in chimps with modest affinity, but not in 

humans (
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Figure 143 page 252). NEUROG2 is expressed on the reverse strand of chromosome 4 

in humans. Three bases differ between the human and chimpanzee at the HAR152 

locus, however all three chimpanzee alleles are generally conserved across other 

vertebrates (Figure page 252). The MATCH scores for the chimpanzee and human 

alleles for the V$PAX6_01 TFBS matrix were 0.8888 and 0.7568, respectively (FP 

threshold = 0.776). The potential score for this PAX6 binding site was 0.5036. These 

results suggest there may be a moderately strong PAX6 TFBS in HAR152 in most 

vertebrates but this site may have been uniquely lost in humans.  
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Figure 143 Location of HAR152 predicts the human allele will recruit PAX6. 

 

 

Figure 144 Neurogenin-2 in UCSC Browser 
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1.15.4 Discussion 

This prediction is interesting for a couple of reasons. Firstly, Neurogenin 2 is expressed 

in distinct progenitor populations in the central and peripheral nervous systems during 

mouse neurogenesis, and is essential for the determination of some precursor sensory 

neurons [46, 47]. And secondly, and perhaps more importantly, the Guillemot lab has 

proven that Neurogenin 2 is both responsive to and a regulator of PAX6 [48]. To 

summarize, the interaction between PAX6 and Neurogenin 2 is well documented. Delta-

MATCH predicts PAX6 will bind Neurogenin 2 with higher affinity in the chimpanzee and 

other non-human vertebrates, than in humans. Because PAX6 is known to act a 

repressor of transcription, it may be that PAX6 has a repressive role in regulating 

Neurogenin 2 in the chimp, but not in humans where the binding affinity is predicted to 

be less. 

 

This then begs the question, have novel changes in the human Neurogenin 2 sequence 

removed a PAX6 binding site, thus altering Neurogenin 2 gene expression in humans 

relative to chimpanzees? And could this have contributed to differences in brain 

morphology, function and intelligence between these species? This hypothesis is now 

under investigation through collaboration with the Pollard lab at UC Davis, and with the 

Guillemot lab at the National institute for Medical Research in the United Kingdom. 
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1.16 Conclusions for AIM 1 

My conclusions for AIM 1 and Delta-MATCH are:  

 

Firstly, 4.5 million human SNPs have been matched against 550 transcription factor 

binding site matrixes, and these results may be investigated online at 

http://deltamatch.org. 

 

Secondly, Delta-MATCH is extensible and can be used to identify species-specific 

transcription factor binding sites. Because all of the selectable criteria and orthogonal 

data in Delta-MATCH are truly independent from each other, it is possible to add new 

data resources to the tool as they are developed. For example, in the future, it may be 

possible to add a data set describing the methylation state of a chromosome, and then 

use it as a selectable criterion during a query. 

 

Thirdly, this resource was built on the premise of finding allele-specific transcription 

factor binding sites, by creating a differential score reflecting how well two polymorphic 

alleles pattern match to a 2-dimensional matrix. It may be reasonable to consider 

substituting the library of definitions to include other known genomic sequence motifs, 

such as those for microRNA binding sites, or splicing junction sites, and then to calculate 

a differential score that may identify SNPs that may modulate these other molecular 

mechanisms. 
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Chapter 2: A Genetic Survey of Genetic Modulators of HIV-1 Viremia 

 

1.17 Background 

The human immunodeficiency virus (HIV-1) is and RNA retrovirus that infects CD4+ 

target cells coexpressing the coreceptors CCR5 and/or CXCR4. These are primarily 

thymus-derived lymphocytes (T-cells), but include other cells as well. HIV causes AIDS, 

the acquired immunodeficiency syndrome. 

 

The HIV/AIDS epidemic has cost an enormous amount in both lives and dollars. It is 

estimated there are 40 million people infected with HIV worldwide and estimated there 

were 2.9 million HIV/AIDS related deaths, and 4.3 million new infections in 2006 alone. 

More than 22 billion dollars will be spent combating the epidemic this year. In January of 

2008 during the state of the union address, President Bush suggested investing an 

addition 30 billion dollars over the next 5 years to combat this disease. 

 

Immediately following HIV exposure during “acute” infection, there is a spike in viral 

replication, that is controlled to a baseline level during chronic infection by a functioning 

immune system. Over time, however, as the CD4+ T-cells are depleted, the immune 

system weakens allowing the virus to escape, and to replicate as the host progresses to 

an eventual HIV/AIDS-related death. 

 

Interestingly, the level of viremia at baseline may vary from person to person. It is 

important to recognize that a lower level of HIV viremia at baseline is predictive of a 

longer survival time, even after the CD4+ lymphocyte count is considered (Figure 145 

page 258) [49]. In fact, a small percentage (< 1 %) of HIV-1-infected individuals can 
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control viremia at or under levels of detection without highly active antiretroviral 

treatment (HAART). These individuals are called HIV controllers [50]. It is the purpose of 

AIM 2, to identify the biological reasons for this. 

 

It is important to consider how variant alleles in CCR5, TLR9, IRF5, and APOE may 

associate with HIV-1 viremia. TLR9 and IRF5 are components of the innate immune 

system, and have the job of recognizing foreign invasion, and signaling the appropriate 

inflammatory response. Viral and bacterial pathogen-associated molecular patterns 

(PAMPs), such as lipopolysaccharides (LPS) and unmethylated-deoxyoligonucleotides 

(CpGs), are recognized by toll-like receptors (TLR4 and TLR9, respectively). TLR9 is 

highly expressed in plasmacytoid dendritic cells in the blood, and when stimulated during 

viral and bacterial infections, transduces a signal through IRF5, resulting in the the 

nuclear translocation of NF-kappaB, and in the upregulation of interferon- and cytokine-

dependant inflammation (Type 1 IFN, TNF) (Figure 151 page 297, and Figure 152 page 

297). Evidence suggests that NF-kB-dependent inflammation may contribute to the 

progression of HIV/AIDS as it does with other autoimmune/autoinflammatory diseases. 

Polymorphic variants that markedly elevate inflammatory signaling may increase the risk 

of developing autoinflammatory diseases and HIV-1 progression [18, 51-54]. 

 

Unfortunately, it has been shown that HIV may use the activation of NF-kB, and 

inflammation, to enhance its own gene expression, and replication (Figure 146 page 

258) [53]. In the context of HIV, chronic inflammation may be a risk factor for disease 

progression. I hypothesized that if strong signaling responses through TLR9 and IRF5 

may mediate HIV replication through an NF-kB-dependent mechanism, genetic variants 

within the TLR9 and IRF5 locus may associate with HIV viremia levels and disease 

progression. Additionally, because CCR5 is a coreceptor with a known allelic association 
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with HIV infection, it too should be investigated. Furthermore, if a general and chronic 

inflammation is associated with multiple different disease phenotypes, the APOE epsilon 

4 (ε4) isoform may also associate with the level of HIV viremia during chronic infection. 

 

It will be my conclusion that genetic variation in Toll-like Receptor 9, and Interferon 

Responsive Factor 5, associates with the level of HIV viremia at baseline. It will also be 

my conclusion that HIV-infected individuals should avoid high levels of chronic 

inflammation. 

 



 

 258 

Figure 145 A Lower Baseline Level of HIV Viremia Is Predictive of Longer Survival 

 

 

Figure 146 NF-kB May Enhance HIV Retroviral Gene Expression and Replication 
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1.18 Methods Genetic Survey 

1.18.1 CVL Classification (viremia level) 

A cohort of over 1000 Blood and DNA samples was collected from HIV-infected, and 

non-infected individuals. Samples were contributed by clinicians from San Francisco, 

Boston, Tennessee, Brazil, Uganda, and Turkey (Table 5 page 261)4. These participants 

provided informed consent, were self-described as ‘African-American’ (afam),’White-

American’ (white), or ‘Hispanic/Latino-American’ (hislat), and were predominantly male. 

Genomic DNA was isolated from the thawed blood samples using the Qiagen QIAamp 

DNA Blood Mini Kit protocol (2003). Participants were categorized according to levels of 

HIV-1 viremia (CVL status), averaged over multiple time points, according to a 

phenotypic scheme (version 07/27/05) developed by Steve Deeks and Jeff Martin 

(Figure 147 page 262)5.  

 

Individuals with viremia levels greater than 10,000 copies of HIV-1 RNA per mL of 

plasma were classified as noncontrollers (group 4 = CVL-4). Individuals who had not 

received HAART over the previous 12 months while maintaining viremia levels less than 

10,000 copies of HIV-1 RNA were classified as controllers. The controllers were further 

subdivided using lower threshold levels of viremia. Individuals with levels less than 

10,000 copies but greater than 2,000 copies were defined as group 3 (CVL-3), 

individuals with levels less than 2,000 copies but higher than the level of detection (e.g., 

> 75 copies/mL by bDNA v.3 or > 50 by PCR ultra-sensitive v1.5) were defined as group 

                                                
4 Note: Samples were collected to enrich for the presence of “elite controllers” 
5 Note: all of the HIV cohort samples were classified by Steve Deeks and Jeff Martin. 
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2 (CVL-2), and individuals with undetectable levels of viremia were defined as group 1 

(CVL-1) and were termed ‘elite controllers’.  
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Table 5 Cohorts Genotyped for CCR5, TLR9, IRF5 and APOE Polymorphisms. 
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Figure 147 HIV-1 CVL Classification Scheme 
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1.18.2 Study Design (a genotype and haplotype analysis of 11 polymorphisms) 

I used Taqman allele discrimination and RFLP assays to genotype the HIV-1-infected 

and uninfected control groups for one polymorphism in CCR5 (rs333), four in TLR9 

(rs352140, rs352139, rs5743836, rs187084), four in IRF5 (rs2004640, rs2070197, 

rs10954213, rs2280714), and two in APOE (rs429358, rs7412). Restriction fragment 

length polymorphism electrophoresis (RFLP) and Taqman allele discrimination assays 

were developed (Table 6 page 265, Table 7 page 266) [12, 17-19, 55]. Primers for 

sequencing and genotyping these loci were deigned and ordered (Table 7 page 266). 

After genotyping these eleven polymorphisms (Figures pages 290, 298, 314 and 333), 

their frequencies were compared using HAPLOVIEW v. 3.32 software [56] to identify 

polymorphic alleles and haplotypes that were significantly associated with HIV-1 viremia 

levels  

 

Three statistical comparisons were formulated as part of a case and control study design 

(Figure 148 page 264). Groups 1, 2 and 3 were considered the “cases”, and were 

comprised with individuals having the ‘lowest’ levels of virus. Group 4 was considered 

the “controls” and was comprised with individuals having the ‘highest’ levels of virus. It is 

the purpose of this survey to identify the genes and genetic variations that may be 

enriched the group 1 (the elite controllers) when compared to the noncontrollers, group 

4. Statistical Test 1 compared the frequency of genotypes and haplotypes in group 4 

with the combined groups 1,2, and 3. Statistical Test 2 compared group 4 to groups 1 

and 2. Statistical Test 3 compared group 4 with only the elite controllers, group 1. (test1 

= CVL-1/2/3 vs. CVL-4; test2 = CVL-1/2 vs. CVL-4; test3 = CVL-1 vs. CVL-4).  
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Although I was most interested in identify genetic markers that have different 

frequencies in groups 1 and 4, I created these three tests so that I could increase the 

sample size of my to increase the power of my statistical comparisons. 

 

Figure 148 Statistical Tests (chi-squared) 

The number of white and afam individuals in each viremia group are shown. 
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Table 6 Genotyping Conditions (TLR9, CCR5, IRF5, APOE) 

 

 

 

number 1 2 3 4 5

Gene CCR5 TLR9 TLR9 TLR9 TLR9

rs rs333 rs352140 rs352139 rs5743836 rs187084

position hg18.snp126 chr03 463889950 chr03 52231736 chr03 52233411 chr03 52235821 chr03 52236070

name ccr5_indel32 tlr9_2848_G>A tlr9_1174_G>A tlr9_p1237_T>C tlr9_p1486_T>C

taqman genotype kit C_2301954_20 C_2301953_10 C_2301952_10

PCR condition CCR5 TG5840 TG6040 TG5840 TG5840

p1 CCR5_01 tlr9_06 tlr9_10 tlr9_14 tlr9_01

p2 CCR5_02 tlr9_07 tlr9_11 tlr9_02 tlr9_02

amplicon 241 681 105 307 648

enzyme BstUI AvaII ScrFI MseI

buffer 2 4 4 2

temp 60 37 37 37

BSA no no no yes

1 241 365, 316 75, 30 186,75,38,8 332, 153, 83, 80

2 241, 209 681, 365, 316 105, 75, 30 186, 138, 75, 48, 38, 8 332, 233, 153, 83, 80

3 209 681 105 138, 75, 48, 38, 8 332, 233, 83

loading gel xylene cyanol bromphenol blue xylene cyanol xylene cyanol xylene cyanol

agarose gel 3% 2% 3% 3% 3%

number 6 7 8 9 10 11

Gene IRF5 IRF5 IRF5 IRF5 APOE APOE

rs rs2004640 rs2070197 rs10954213 rs2280714 rs429358 rs7412

position hg18.snp126 chr07 128365536 chr07 128376235 chr07 128376662 chr07 128381961 chr19 50103780 chr19 50103918

name irf5a_T>G irf5d_T>C irf5c_A>G irf5b_T>C apoe_Cys112Arg apoe_Arg158Cys

taqman genotype kit C__9491614_10 C__2691236_10 C_2691243_1_ C__3084793_20 C___904973_10
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Table 7 PCR Conditions for Genotyping (RFLP) 

 

 

 

TG5840 temp C time

1 95 10 min

2 94 45 sec

3 58 45 sec

4 72 45 sec

5 repeat 39x to step 2

6 end

TG6040 temp C time

1 95 10 min

2 94 45 sec

3 60 45 sec

4 72 45 sec

5 repeat 39x to step 2

6 end

CCR5 temp C time

1 94 3 min

2 94 75 s

3 58 60 s

4 72 60 s

5 repeat 34x to step 2

6 end
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Table 8 PCR Primer Sequences 

 

1 name order seqence Direction

2 ccr5_01 TCAAAAAGAAGGTCTTCATTACACC F

3 ccr5_02 AGCCCAGAAGAGAAAATAAACAATC R

4 tlr9_01 GCCATGATACCACCCAGAGT F

5 tlr9_02 TCAAAGCCACAGTCCACAGA R

6 tlr9_03 GTGGATGGAGGGAATGAATG F

7 tlr9_05 ACTCTGGGTGGTATCATGGC R

8 tlr9_06 AGATGGAGGGGAGAAGGTCT F

9 tlr9_07 AAGGCCAGGTAATTGTCACG R

10 tlr9_08 CCCTGTTGAGAGGGTGACAT F

11 tlr9_10 AGGGCTGTGTGAGTGGCCGGCCCCCAGGTC R

12 tlr9_11 CTTCTGCAGGTAGGGCTTGGAGAGAGG F

13 tlr9_12 CACACACCTGGCCTCTAGGA F

14 tlr9_13 CTTCCCAGGATATCCCCTTC R

15 tlr9_14 CATAGACCAGGCAAAGGAGC F

16 tlr9_21 ACCTTTGGCCACAAGAAGTG F

17 tlr9_22 CACAGTGTGGCAAAAACGAC R

18 tlr9_23 TCCCATGGCCTTTTGTAGTC F

19 tlr9_24 ACCTGGGAGCCAATGTTTC R

20 tlr9_25 GCTACTGAGTGGGCACTGCT F

21 tlr9_26 CCTGCTTGCAGTTGACTGTG R

22 tlr9_28 AGGCACCATCTCCAGAGTTC R

23 tlr9_29 TGTGGAGGAGGAGGTCTTGT F

24 tlr9_30 ACAACCCGTCACTGTTGCTT R

25 tlr9_31 CCAGACCCTCTGGAGAAGC F

26 tlr9_32 TTCAGGCAGGTGTGAGAGTC R

27 tlr9_33 TCTGACCCATAAGGCAAAGG F

28 tlr9_34 CAGGTGGGCAAAGTCAGAAT R

29 tlr9_35 AACTGCAACTGGCTGTTCCT F

30 tlr9_36 CTCACTCAGGTCCAGCACTC R

31 tlr9_37 TCACTTCCCCCAGCTACATC F

32 tlr9_38 TCGTGGTAGAGGTCCAGCTT R

33 tlr9_39 TTCACCTTGGATCTGTCACG F

34 tlr9_40 TAGTATTTGCAGGGCACTCG R

35 tlr9_41 ATGTCAGCTGCAACAGCATC F

36 tlr9_42 GTCAGGGCTCAGGATCACC R

37 tlr9_43 CTGGCAAAACCCTCTTTGAG F

38 tlr9_44 GTAGGCGAGGGAGACAGACA R

39 tlr9_45 CTGGATGTGGTCTTGGTCCT F

40 tlr9_46 CTGAGACCAGCCTAGGCAAC R

41 tlr9_47 ATGGGGACGGTGGGCTGTGGG F

42 tlr9_48 GGGGCTCCTAGAGGCCAGGTG R

43 tlr9_49 CCTGAGGCAGGAGAATGCCC F

44 tlr9_50 CCCCTAGAGGGAACTGTTCA R

45 tlr9_51 TTAAACGCGTACTTGTGCTTGGCCCTGAGA F

46 tlr9_52 CAAGAAGCTTTCCTCCACATTCCCAGAGCC R

47 tlr9_53 GAGACGGAGTTTCGCTCTTGT F

48 tlr9_54 GGGCTTCGGCTCTGAAGTCTTC R

49 tlr9_55 CCTGAGCAAGGTGGCAGCTGGC R

50 tlr9_56 GGAGGTCTTGTTTCCGGAAGA F

51 tlr9_57 TGGTGAACTGCAACTGGCTGTTC F

52 tlr9_58 AGGGCGACCCCCTTGAGTCTG F

53 tlr9_59 ATGGGTTTCTGCCGCAGCGCCCTG F

54 tlr9_60 ATGGCAGCACCCCGTGGCAATG F

55 tlr9_61 ATGCTCTACTCCAGCTGCAAGAG F

56 tlr9_62 TTCGGCCGTGGGTCCCTGGC R

57 tlr9_63 TLR9_63_p1237_T F

58 tlr9_64 TLR9_64_p1237_C F

59 tlr9_65 TLR9_65_p1237_T R

60 tlr9_66 TLR9_66_p1237_C R
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1.18.3 Results (genotype data) 

The genotype counts, genotype frequencies, allele frequencies, number of samples per 

cohort, and chi-square permuted p-value significances (10,000 permutations) for these 

polymorphisms are shown (Tables pages 268 - 288). These tables describe significant 

allele associations with HIV-1 viremia levels after sub-stratification by ethnicity. 

Haplotypes for TLR9, IRF5, and APOE were constructed and similarly associated with 

HIV-1 viremia levels. Significant haplotype associations are described in Tables (pages 

305, 306, 307 (TLR9); pages 325, 326, 327 (IRF5); and pages 336, 337, 338 (APOE). 

Significances (p ≤ 0.05) are highlighted in pink and trends (0.05 < p ≤ 0.10) highlighted in 

light blue. 
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Table 9 Genotype Counts Test1 
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TEST1 CVL 4 AF_AM CONTOL 1 86 3 30 30 46 25 80 23 31 55 67

AF_AM CONTOL 2 0 44 41 39 33 32 2 40 37 23 12

AF_AM CONTOL 3 0 39 15 17 6 24 0 18 14 4 3

CVL 1/2/3 AF_AM CASE 1 80 11 32 36 44 8 74 16 20 46 58

AF_AM CASE 2 5 36 35 37 29 38 2 41 43 27 17

AF_AM CASE 3 0 38 18 12 12 27 0 19 13 3 0

p 0.025 NS NS NS NS 0.025 NS NS NS NS NS

3x2 chi 5.211 9.057

TEST1 CVL 4 WHITE CONTOL 1 154 56 54 148 80 43 142 65 79 136 148

WHITE CONTOL 2 48 99 100 49 88 97 50 101 95 52 41

WHITE CONTOL 3 0 46 48 5 33 53 1 23 18 5 4

CVL 1/2/3 WHITE CASE 1 70 38 40 59 26 27 75 38 45 62 83

WHITE CASE 2 26 46 46 32 49 46 14 44 40 27 10

WHITE CASE 3 0 12 9 4 21 18 2 10 7 3 0

p NS 0.05 0.01 NS NS NS NS NS NS NS 0.05

3x2 chi 6.433 11.71 7.027

TEST1 CVL 4 HIS_LAT CONTOL 1 28 11 13 23 14 8 27 9 9 24 29

HIS_LAT CONTOL 2 5 14 13 10 10 14 3 16 17 9 4

HIS_LAT CONTOL 3 0 8 7 0 9 11 3 7 7 0 0

CVL 1/2/3 HIS_LAT CASE 1 15 3 3 16 7 5 15 7 8 13 15

HIS_LAT CASE 2 3 9 9 2 9 8 2 8 7 2 2

HIS_LAT CASE 3 0 6 6 0 2 4 0 2 2 2 1

p NS NS NS NS NS NS NS NS NS NS NS

3x2 chi
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Table 10 Genotype Counts Test2 
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TEST2 CVL 4 AF_AM CONTOL 1 86 3 30 30 46 25 80 23 31 55 67

AF_AM CONTOL 2 0 44 41 39 33 32 2 40 37 23 12

AF_AM CONTOL 3 0 39 15 17 6 24 0 18 14 4 3

CVL 1/2 AF_AM CASE 1 65 11 26 30 35 7 61 14 16 37 48

AF_AM CASE 2 4 27 28 29 24 32 2 32 36 24 14

AF_AM CASE 3 0 31 15 10 10 22 0 17 11 2 0

p 0.025 0.025 NS NS NS 0.025 NS NS NS NS NS

3x2 chi 5.118 7.785 7.545

TEST2 CVL 4 WHITE CONTOL 1 154 56 54 148 80 43 142 65 79 136 148

WHITE CONTOL 2 48 99 100 49 88 97 50 101 95 52 41

WHITE CONTOL 3 0 46 48 5 33 53 1 23 18 5 4

CVL 1/2 WHITE CASE 1 59 29 30 47 25 21 61 29 34 48 69

WHITE CASE 2 19 39 39 26 38 38 11 37 35 24 6

WHITE CASE 3 0 10 8 4 15 15 2 9 6 3 0

p NS NS 0.025 NS NS NS NS NS NS NS 0.025

3x2 chi 7.751 8.14

TEST2 CVL 4 HIS_LAT CONTOL 1 28 11 13 23 14 8 27 9 9 24 29

HIS_LAT CONTOL 2 5 14 13 10 10 14 3 16 17 9 4

HIS_LAT CONTOL 3 0 8 7 0 9 11 3 7 7 0 0

CVL 1/2 HIS_LAT CASE 1 15 3 3 16 7 5 15 7 8 13 15

HIS_LAT CASE 2 3 9 9 2 9 8 2 8 7 2 2

HIS_LAT CASE 3 0 6 6 0 2 4 0 2 2 2 1

p NS NS NS NS NS NS NS NS NS NS NS

3x2 chi
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Table 11 Genotype Counts Test3 
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TEST3 CVL 4 AF_AM CONTOL 1 86 3 30 30 46 25 80 23 31 55 67

AF_AM CONTOL 2 0 44 41 39 33 32 2 40 37 23 12

AF_AM CONTOL 3 0 39 15 17 6 24 0 18 14 4 3

CVL 1 AF_AM CASE 1 39 7 13 19 24 4 39 9 10 25 33

AF_AM CASE 2 3 14 18 18 14 24 2 24 26 15 8

AF_AM CASE 3 0 21 11 5 4 11 0 8 5 1 0

p 0.025 0.025 NS NS NS 0.025 NS NS NS NS NS

3x2 chi 6.29 8.383 7.383

TEST3 CVL 4 WHITE CONTOL 1 154 56 54 148 80 43 142 65 79 136 148

WHITE CONTOL 2 48 99 100 49 88 97 50 101 95 52 41

WHITE CONTOL 3 0 46 48 5 33 53 1 23 18 5 4

CVL 1 WHITE CASE 1 37 15 16 26 16 16 38 22 24 32 40

WHITE CASE 2 10 25 25 17 25 21 6 21 20 13 5

WHITE CASE 3 0 7 5 3 6 9 2 4 3 2 0

p NS NS NS NS NS NS NS NS NS NS NS

3x2 chi

TEST3 CVL 4 HIS_LAT CONTOL 1 28 11 13 23 14 8 27 9 9 24 29

HIS_LAT CONTOL 2 5 14 13 10 10 14 3 16 17 9 4

HIS_LAT CONTOL 3 0 8 7 0 9 11 3 7 7 0 0

CVL 1 HIS_LAT CASE 1 10 1 1 10 5 3 9 5 5 6 9

HIS_LAT CASE 2 1 6 6 1 5 5 1 4 4 2 2

HIS_LAT CASE 3 0 4 4 0 1 2 0 1 1 2 0

p NS NS NS NS NS NS NS NS NS 0.05 NS

3x2 chi 6.72
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Table 12 Genotype Counts of Other Non-HIV Positive Populations 
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TURK 1 64 20 23 62 23 23 23

TURK 2 3 38 34 13 34 34 34

TURK 3 1 20 21 2 11 11 11

SF_WHITE 1 119 52 54 116 55 113 61 67 55 55

SF_WHITE 2 36 68 69 38 73 35 76 71 73 73

SF_WHITE 3 3 37 35 4 30 3 14 13 30 30

SF_AF_AM 1 48 9 17 23 20 31 7 9 20 20

SF_AF_AM 2 1 15 19 19 21 1 18 18 21 21

SF_AF_AM 3 0 25 12 6 4 0 7 5 4 4

AFRICAN 1 23 106 121 167 167 167

AFRICAN 2 137 151 132 106 106 106

AFRICAN 3 144 48 51 29 29 29
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Table 13 Genotype Frequencies Test1 
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TEST1 CVL 4 AF_AM CONTOL 1 100.0 3.5 34.9 34.9 54.1 30.9 97.6 28.4 37.8 67.1 81.7

AF_AM CONTOL 2 0.0 51.2 47.7 45.3 38.8 39.5 2.4 49.4 45.1 28.0 14.6

AF_AM CONTOL 3 0.0 45.3 17.4 19.8 7.1 29.6 0.0 22.2 17.1 4.9 3.7

CVL 1/2/3 AF_AM CASE 1 94.1 12.9 37.6 42.4 51.8 11.0 97.4 21.1 26.3 60.5 77.3

AF_AM CASE 2 5.9 42.4 41.2 43.5 34.1 52.1 2.6 53.9 56.6 35.5 22.7

AF_AM CASE 3 0.0 44.7 21.2 14.1 14.1 37.0 0.0 25.0 17.1 3.9 0.0

TEST1 CVL 4 WHITE CONTOL 1 76.2 27.9 26.7 73.3 39.8 22.3 73.6 34.4 41.1 70.5 76.7

WHITE CONTOL 2 23.8 49.3 49.5 24.3 43.8 50.3 25.9 53.4 49.5 26.9 21.2

WHITE CONTOL 3 0.0 22.9 23.8 2.5 16.4 27.5 0.5 12.2 9.4 2.6 2.1

CVL 1/2/3 WHITE CASE 1 72.9 39.6 42.1 62.1 27.1 29.7 82.4 41.3 48.9 67.4 89.2

WHITE CASE 2 27.1 47.9 48.4 33.7 51.0 50.5 15.4 47.8 43.5 29.3 10.8

WHITE CASE 3 0.0 12.5 9.5 4.2 21.9 19.8 2.2 10.9 7.6 3.3 0.0

TEST1 CVL 4 HIS_LAT CONTOL 1 84.8 33.3 39.4 69.7 42.4 24.2 81.8 28.1 27.3 72.7 87.9

HIS_LAT CONTOL 2 15.2 42.4 39.4 30.3 30.3 42.4 9.1 50.0 51.5 27.3 12.1

HIS_LAT CONTOL 3 0.0 24.2 21.2 0.0 27.3 33.3 9.1 21.9 21.2 0.0 0.0

CVL 1/2/3 HIS_LAT CASE 1 83.3 16.7 16.7 88.9 38.9 29.4 88.2 41.2 47.1 76.5 83.3

HIS_LAT CASE 2 16.7 50.0 50.0 11.1 50.0 47.1 11.8 47.1 41.2 11.8 11.1

HIS_LAT CASE 3 0.0 33.3 33.3 0.0 11.1 23.5 0.0 11.8 11.8 11.8 5.6
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Table 14 Genotype Frequencies Test2 
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TEST2 CVL 4 AF_AM CONTOL 1 100.0 3.5 34.9 34.9 54.1 30.9 97.6 28.4 37.8 67.1 81.7

AF_AM CONTOL 2 0.0 51.2 47.7 45.3 38.8 39.5 2.4 49.4 45.1 28.0 14.6

AF_AM CONTOL 3 0.0 45.3 17.4 19.8 7.1 29.6 0.0 22.2 17.1 4.9 3.7

CVL 1/2 AF_AM CASE 1 94.2 15.9 37.7 43.5 50.7 11.5 96.8 22.2 25.4 58.7 77.4

AF_AM CASE 2 5.8 39.1 40.6 42.0 34.8 52.5 3.2 50.8 57.1 38.1 22.6

AF_AM CASE 3 0.0 44.9 21.7 14.5 14.5 36.1 0.0 27.0 17.5 3.2 0.0

TEST2 CVL 4 WHITE CONTOL 1 76.2 27.9 26.7 73.3 39.8 22.3 73.6 34.4 41.1 70.5 76.7

WHITE CONTOL 2 23.8 49.3 49.5 24.3 43.8 50.3 25.9 53.4 49.5 26.9 21.2

WHITE CONTOL 3 0.0 22.9 23.8 2.5 16.4 27.5 0.5 12.2 9.4 2.6 2.1

CVL 1/2 WHITE CASE 1 75.6 37.2 39.0 61.0 32.1 28.4 82.4 38.7 45.3 64.0 92.0

WHITE CASE 2 24.4 50.0 50.6 33.8 48.7 51.4 14.9 49.3 46.7 32.0 8.0

WHITE CASE 3 0.0 12.8 10.4 5.2 19.2 20.3 2.7 12.0 8.0 4.0 0.0

TEST2 CVL 4 HIS_LAT CONTOL 1 84.8 33.3 39.4 69.7 42.4 24.2 81.8 28.1 27.3 72.7 87.9

HIS_LAT CONTOL 2 15.2 42.4 39.4 30.3 30.3 42.4 9.1 50.0 51.5 27.3 12.1

HIS_LAT CONTOL 3 0.0 24.2 21.2 0.0 27.3 33.3 9.1 21.9 21.2 0.0 0.0

CVL 1/2 HIS_LAT CASE 1 83.3 16.7 16.7 88.9 38.9 29.4 88.2 41.2 47.1 76.5 83.3

HIS_LAT CASE 2 16.7 50.0 50.0 11.1 50.0 47.1 11.8 47.1 41.2 11.8 11.1

HIS_LAT CASE 3 0.0 33.3 33.3 0.0 11.1 23.5 0.0 11.8 11.8 11.8 5.6
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Table 15 Genotype Frequencies Test3 
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TEST3 CVL 4 AF_AM CONTOL 1 100.0 3.5 34.9 34.9 54.1 30.9 97.6 28.4 37.8 67.1 81.7

AF_AM CONTOL 2 0.0 51.2 47.7 45.3 38.8 39.5 2.4 49.4 45.1 28.0 14.6

AF_AM CONTOL 3 0.0 45.3 17.4 19.8 7.1 29.6 0.0 22.2 17.1 4.9 3.7

CVL 1 AF_AM CASE 1 92.9 16.7 31.0 45.2 57.1 10.3 95.1 22.0 24.4 61.0 80.5

AF_AM CASE 2 7.1 33.3 42.9 42.9 33.3 61.5 4.9 58.5 63.4 36.6 19.5

AF_AM CASE 3 0.0 50.0 26.2 11.9 9.5 28.2 0.0 19.5 12.2 2.4 0.0

TEST3 CVL 4 WHITE CONTOL 1 76.2 27.9 26.7 73.3 39.8 22.3 73.6 34.4 41.1 70.5 76.7

WHITE CONTOL 2 23.8 49.3 49.5 24.3 43.8 50.3 25.9 53.4 49.5 26.9 21.2

WHITE CONTOL 3 0.0 22.9 23.8 2.5 16.4 27.5 0.5 12.2 9.4 2.6 2.1

CVL 1 WHITE CASE 1 78.7 31.9 34.8 56.5 34.0 34.8 82.6 46.8 51.1 68.1 88.9

WHITE CASE 2 21.3 53.2 54.3 37.0 53.2 45.7 13.0 44.7 42.6 27.7 11.1

WHITE CASE 3 0.0 14.9 10.9 6.5 12.8 19.6 4.3 8.5 6.4 4.3 0.0

TEST3 CVL 4 HIS_LAT CONTOL 1 84.8 33.3 39.4 69.7 42.4 24.2 81.8 28.1 27.3 72.7 87.9

HIS_LAT CONTOL 2 15.2 42.4 39.4 30.3 30.3 42.4 9.1 50.0 51.5 27.3 12.1

HIS_LAT CONTOL 3 0.0 24.2 21.2 0.0 27.3 33.3 9.1 21.9 21.2 0.0 0.0

CVL 1 HIS_LAT CASE 1 90.9 9.1 9.1 90.9 45.5 30.0 90.0 50.0 50.0 60.0 81.8

HIS_LAT CASE 2 9.1 54.5 54.5 9.1 45.5 50.0 10.0 40.0 40.0 20.0 18.2

HIS_LAT CASE 3 0.0 36.4 36.4 0.0 9.1 20.0 0.0 10.0 10.0 20.0 0.0
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Table 16 Genotype Frequencies of Other Non-HIV Positive Populations 
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TURK 1 94.1 25.6 29.5 80.5 33.8 33.8 33.8

TURK 2 4.4 48.7 43.6 16.9 50.0 50.0 50.0

TURK 3 1.5 25.6 26.9 2.6 16.2 16.2 16.2

SF_WHITE 1 75.3 33.1 34.2 73.4 34.8 74.8 40.4 44.4 34.8 34.8

SF_WHITE 2 22.8 43.3 43.7 24.1 46.2 23.2 50.3 47.0 46.2 46.2

SF_WHITE 3 1.9 23.6 22.2 2.5 19.0 2.0 9.3 8.6 19.0 19.0

SF_AF_AM 1 98.0 18.4 35.4 47.9 44.4 96.9 21.9 28.1 44.4 44.4

SF_AF_AM 2 2.0 30.6 39.6 39.6 46.7 3.1 56.3 56.3 46.7 46.7

SF_AF_AM 3 0.0 51.0 25.0 12.5 8.9 0.0 21.9 15.6 8.9 8.9

AFRICAN 1 7.6 34.8 39.8 55.3 55.3 55.3

AFRICAN 2 45.1 49.5 43.4 35.1 35.1 35.1

AFRICAN 3 47.4 15.7 16.8 9.6 9.6 9.6
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Table 17 Allele Frequencies Test1 
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TEST1 CVL 4 AF_AM CONTOL MAJOR 100.0 29.1 58.7 57.6 73.5 50.6 98.8 53.1 60.4 81.1 89.0

AF_AM CONTOL

AF_AM CONTOL MINOR 0.0 70.9 41.3 42.4 26.5 49.4 1.2 46.9 39.6 18.9 11.0

CVL 1/2/3 AF_AM CASE MAJOR 97.1 34.1 58.2 64.1 68.8 37.0 98.7 48.0 54.6 78.3 88.7

AF_AM CASE

AF_AM CASE MINOR 2.9 65.9 41.8 35.9 31.2 63.0 1.3 52.0 45.4 21.7 11.3

p 0.025 NS NS NS NS 0.025 NS NS NS NS NS

%dif 100.0 -7.1 1.2 -15.5 15.1 21.6 7.3 9.7 12.7 12.9 3.2

TEST1 CVL 4 WHITE CONTOL MAJOR 88.1 52.5 51.5 85.4 61.7 47.4 86.5 61.1 65.9 83.9 87.3

WHITE CONTOL

WHITE CONTOL MINOR 11.9 47.5 48.5 14.6 38.3 52.6 13.5 38.9 34.1 16.1 12.7

CVL 1/2/3 WHITE CASE MAJOR 86.5 63.5 66.3 78.9 52.6 54.9 90.1 65.2 70.7 82.1 94.6

WHITE CASE

WHITE CASE MINOR 13.5 36.5 33.7 21.1 47.4 45.1 9.9 34.8 29.3 17.9 5.4

p NS 0.05 0.01 NS NS NS NS NS NS NS 0.05

%dif 12.3 -23.3 -30.6 30.6 19.2 -14.3 -26.6 -10.6 -14.0 10.4 -57.6

TEST1 CVL 4 HIS_LAT CONTOL MAJOR 92.4 54.5 59.1 84.8 57.6 45.5 86.4 53.1 53.0 86.4 93.9

HIS_LAT CONTOL

HIS_LAT CONTOL MINOR 7.6 45.5 40.9 15.2 42.4 54.5 13.6 46.9 47.0 13.6 6.1

CVL 1/2/3 HIS_LAT CASE MAJOR 91.7 41.7 41.7 94.4 63.9 52.9 94.1 64.7 67.6 82.4 88.9

HIS_LAT CASE

HIS_LAT CASE MINOR 8.3 58.3 58.3 5.6 36.1 47.1 5.9 35.3 32.4 17.6 11.1

p NS NS NS NS NS NS NS NS NS NS NS

%dif 9.1 22.1 29.9 -63.3 -14.9 -13.7 -56.9 -24.7 -31.1 22.7 45.5
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Table 18 Allele Frequencies Test2 
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TEST2 CVL 4 AF_AM CONTOL MAJOR 100.0 29.1 58.7 57.6 73.5 50.6 98.8 53.1 60.4 81.1 89.0

AF_AM CONTOL

AF_AM CONTOL MINOR 0.0 70.9 41.3 42.4 26.5 49.4 1.2 46.9 39.6 18.9 11.0

CVL 1/2 AF_AM CASE MAJOR 97.1 35.5 58.0 64.5 68.1 37.7 98.4 47.6 54.0 77.8 88.7

AF_AM CASE

AF_AM CASE MINOR 2.9 64.5 42.0 35.5 31.9 62.3 1.6 52.4 46.0 22.2 11.3

p 0.025 0.025 NS NS NS 0.025 NS NS NS NS NS

%dif 100.0 -9.1 1.8 -16.3 17.0 20.7 23.2 10.4 13.9 14.9 2.8

TEST2 CVL 4 WHITE CONTOL MAJOR 88.1 52.5 51.5 85.4 61.7 47.4 86.5 61.1 65.9 83.9 87.3

WHITE CONTOL

WHITE CONTOL MINOR 11.9 47.5 48.5 14.6 38.3 52.6 13.5 38.9 34.1 16.1 12.7

CVL 1/2 WHITE CASE MAJOR 87.8 62.2 64.3 77.9 56.4 54.1 89.9 63.3 68.7 80.0 96.0

WHITE CASE

WHITE CASE MINOR 12.2 37.8 35.7 22.1 43.6 45.9 10.1 36.7 31.3 20.0 4.0

p NS NS 0.025 NS NS NS NS NS NS NS 0.025

%dif 2.4 -20.4 -26.4 33.9 12.1 -12.6 -24.8 -5.7 -8.2 19.7 -68.5

TEST2 CVL 4 HIS_LAT CONTOL MAJOR 92.4 54.5 59.1 84.8 57.6 45.5 86.4 53.1 53.0 86.4 93.9

HIS_LAT CONTOL

HIS_LAT CONTOL MINOR 7.6 45.5 40.9 15.2 42.4 54.5 13.6 46.9 47.0 13.6 6.1

CVL 1/2 HIS_LAT CASE MAJOR 91.7 41.7 41.7 94.4 63.9 52.9 94.1 64.7 67.6 82.4 88.9

HIS_LAT CASE

HIS_LAT CASE MINOR 8.3 58.3 58.3 5.6 36.1 47.1 5.9 35.3 32.4 17.6 11.1

p NS NS NS NS NS NS NS NS NS NS NS

%dif 9.1 22.1 29.9 -63.3 -14.9 -13.7 -56.9 -24.7 -31.1 22.7 45.5
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Table 19 Allele Frequencies Test3 
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TEST3 CVL 4 AF_AM CONTOL MAJOR 100.0 29.1 58.7 57.6 73.5 50.6 98.8 53.1 60.4 81.1 89.0

AF_AM CONTOL

AF_AM CONTOL MINOR 0.0 70.9 41.3 42.4 26.5 49.4 1.2 46.9 39.6 18.9 11.0

CVL 1 AF_AM CASE MAJOR 96.4 33.3 52.4 66.7 73.8 41.0 97.6 51.2 56.1 79.3 90.2

AF_AM CASE

AF_AM CASE MINOR 3.6 66.7 47.6 33.3 26.2 59.0 2.4 48.8 43.9 20.7 9.8

p 0.025 0.025 NS NS NS 0.025 NS NS NS NS NS

%dif 100.0 -6.0 13.3 -21.5 -1.1 16.3 50.0 3.8 9.7 8.8 -11.1

TEST3 CVL 4 WHITE CONTOL MAJOR 88.1 52.5 51.5 85.4 61.7 47.4 86.5 61.1 65.9 83.9 87.3

WHITE CONTOL

WHITE CONTOL MINOR 11.9 47.5 48.5 14.6 38.3 52.6 13.5 38.9 34.1 16.1 12.7

CVL 1 WHITE CASE MAJOR 89.4 58.5 62.0 75.0 60.6 57.6 89.1 69.1 72.3 81.9 94.4

WHITE CASE

WHITE CASE MINOR 10.6 41.5 38.0 25.0 39.4 42.4 10.9 30.9 27.7 18.1 5.6

p NS NS NS NS NS NS NS NS NS NS NS

%dif -10.5 -12.7 -21.6 41.6 2.7 -19.4 -19.3 -20.7 -18.9 11.2 -56.2

TEST3 CVL 4 HIS_LAT CONTOL MAJOR 92.4 54.5 59.1 84.8 57.6 45.5 86.4 53.1 53.0 86.4 93.9

HIS_LAT CONTOL

HIS_LAT CONTOL MINOR 7.6 45.5 40.9 15.2 42.4 54.5 13.6 46.9 47.0 13.6 6.1

CVL 1 HIS_LAT CASE MAJOR 95.5 36.4 36.4 95.5 68.2 55.0 95.0 70.0 70.0 70.0 90.9

HIS_LAT CASE

HIS_LAT CASE MINOR 4.5 63.6 63.6 4.5 31.8 45.0 5.0 30.0 30.0 30.0 9.1

p NS NS NS NS NS NS NS NS NS 0.05 NS

%dif -40.0 28.6 35.7 -70.0 -25.0 -17.5 -63.3 -36.0 -36.1 54.5 33.3
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Table 20 Allele Frequencies of Other Non-HIV Positive Populations 
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TURK MAJOR 96.3 50.0 51.3 89.0 58.8 58.8 58.8

TURK

TURK MINOR 3.7 50.0 48.7 11.0 41.2 41.2 41.2

SF_WHITE MAJOR 86.7 54.8 56.0 85.4 57.9 86.4 65.6 67.9 57.9 57.9

SF_WHITE

SF_WHITE MINOR 13.3 45.2 44.0 14.6 42.1 13.6 34.4 32.1 42.1 42.1

SF_AF_AM MAJOR 99.0 33.7 55.2 67.7 67.8 98.4 50.0 56.3 67.8 67.8

SF_AF_AM

SF_AF_AM MINOR 1.0 66.3 44.8 32.3 32.2 1.6 50.0 43.8 32.2 32.2

AFRICAN MAJOR #### 30.1 59.5 61.5 72.8 72.8 72.8

AFRICAN

AFRICAN MINOR #### 69.9 40.5 38.5 27.2 27.2 27.2
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Table 21 Number of Samples Per Cohort Test1 

 

 

 

C
C
R
5
_
d
e
l
_
3
2

2
8
4
8
_
A
>
G
_
h
i
v
0
3
a

1
1
7
4
_
G
>
A
_
h
i
v
0
3
a

p
1
2
3
7
_
T
>
C
_
h
i
v
0
3
a

p
1
4
8
6
_
T
>
C
_
h
i
v
0
3
a

I
R
F
5
a
_
T
>
G

I
R
F
5
d
_
T
>
C

I
R
F
5
c
_
A
>
G

I
R
F
5
b
_
T
>
C

a
p
o
e
_
T
>
C
_
C
y
s
1
1
2
A
r
g
_
s
n
p
2

a
p
o
e
_
C
>
T
_
A
r
g
1
5
8
C
y
s
_
s
n
p
1
c

r
s
3
3
3

r
s
3
5
2
1
4
0

r
s
3
5
2
1
3
9

r
s
5
7
4
3
8
3
6

r
s
1
8
7
0
8
4

r
s
2
0
0
4
6
4
0

r
s
2
0
7
0
1
9
7

r
s
1
0
9
5
4
2
1
3

r
s
2
2
8
0
7
1
4

r
s
4
2
9
3
5
8

r
s
7
4
1
2

AD

TEST1 CVL 4 AF_AM CONTOL COUNT 86 86 86 86 85 81 82 81 82 82 82

AF_AM CONTOL

AF_AM CONTOL

CVL 1/2/3 AF_AM CASE COUNT 85 85 85 85 85 73 76 76 76 76 75

AF_AM CASE

AF_AM CASE

TEST1 CVL 4 WHITE CONTOL COUNT 202 201 202 202 201 193 193 189 192 193 193

WHITE CONTOL

WHITE CONTOL

CVL 1/2/3 WHITE CASE COUNT 96 96 95 95 96 91 91 92 92 92 93

WHITE CASE

WHITE CASE

TEST1 CVL 4 HIS_LAT CONTOL COUNT 33 33 33 33 33 33 33 32 33 33 33

HIS_LAT CONTOL

HIS_LAT CONTOL

CVL 1/2/3 HIS_LAT CASE COUNT 18 18 18 18 18 17 17 17 17 17 18

HIS_LAT CASE

HIS_LAT CASE
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Table 22 Number of Samples Per Cohort Test2 
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TEST2 CVL 4 AF_AM CONTOL COUNT 86 86 86 86 85 81 82 81 82 82 82

AF_AM CONTOL

AF_AM CONTOL

CVL 1/2 AF_AM CASE COUNT 69 69 69 69 69 61 63 63 63 63 62

AF_AM CASE

AF_AM CASE

TEST2 CVL 4 WHITE CONTOL COUNT 202 201 202 202 201 193 193 189 192 193 193

WHITE CONTOL

WHITE CONTOL

CVL 1/2 WHITE CASE COUNT 78 78 77 77 78 74 74 75 75 75 75

WHITE CASE

WHITE CASE

TEST2 CVL 4 HIS_LAT CONTOL COUNT 33 33 33 33 33 33 33 32 33 33 33

HIS_LAT CONTOL

HIS_LAT CONTOL

CVL 1/2 HIS_LAT CASE COUNT 18 18 18 18 18 17 17 17 17 17 18

HIS_LAT CASE

HIS_LAT CASE
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Table 23 Number of Samples Per Cohort Test3 
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TEST3 CVL 4 AF_AM CONTOL COUNT 86 86 86 86 85 81 82 81 82 82 82

AF_AM CONTOL

AF_AM CONTOL

CVL 1 AF_AM CASE COUNT 42 42 42 42 42 39 41 41 41 41 41

AF_AM CASE

AF_AM CASE

TEST3 CVL 4 WHITE CONTOL COUNT 202 201 202 202 201 193 193 189 192 193 193

WHITE CONTOL

WHITE CONTOL

CVL 1 WHITE CASE COUNT 47 47 46 46 47 46 46 47 47 47 45

WHITE CASE

WHITE CASE

TEST3 CVL 4 HIS_LAT CONTOL COUNT 33 33 33 33 33 33 33 32 33 33 33

HIS_LAT CONTOL

HIS_LAT CONTOL

CVL 1 HIS_LAT CASE COUNT 11 11 11 11 11 10 10 10 10 10 11

HIS_LAT CASE

HIS_LAT CASE
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Table 24 Number of Samples Per Cohort of Other Non-HIV Positive Populations 
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TURK COUNT 68 78 78 77 68 68 68

TURK

TURK

SF_WHITE COUNT 158 157 158 158 158 151 151 151 158 158

SF_WHITE

SF_WHITE

SF_AF_AM COUNT 49 49 48 48 45 32 32 32 45 45

SF_AF_AM

SF_AF_AM

AFRICAN COUNT 0 304 305 304 302 302 302

AFRICAN

AFRICAN
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Table 25 Haploview Chi-Square Permuted-p Values Test1 
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TEST1 CVL 4 AF_AM CONTOL MAJOR 172 50 101 99 125 82 162 86 99 133 146

AF_AM CONTOL

AF_AM CONTOL MINOR 0 122 71 73 45 80 2 76 65 31 18

CVL 1/2/3 AF_AM CASE MAJOR 165 58 99 109 117 54 150 73 83 119 133

AF_AM CASE

AF_AM CASE MINOR 5 112 71 61 53 92 2 79 69 33 17

p 0.0235 0.3153 0.9274 0.2141 0.3381 0.0162 0.9390 0.3701 0.3005 0.5349 0.9199

2x2 chi 5.1340 1.0080 0.0080 1.5440 0.9180 5.7860 0.0006 0.8030 1.0720 0.3850 0.0100

perm-p 0.0261 0.9401 1.0000 0.8535 0.9598 0.0710 1.0000 1.0000 0.8685 0.8420 0.9921

TEST1 CVL 4 WHITE CONTOL MAJOR 356 211 208 345 248 183 334 231 253 324 337

WHITE CONTOL

WHITE CONTOL MINOR 48 191 196 59 154 203 52 147 131 62 49

CVL 1/2/3 WHITE CASE MAJOR 166 122 126 150 101 100 164 120 130 151 176

WHITE CASE

WHITE CASE MINOR 26 70 64 40 91 82 18 64 54 33 10

p 0.5674 0.0111 0.0007 0.0492 0.0354 0.0937 0.2256 0.3455 0.2566 0.5749 0.0070

2x2 chi 0.3300 6.4460 11.5480 3.8690 4.4280 2.8090 1.4680 0.8900 1.2870 0.3150 7.2660

perm-p 0.5674 0.0357 0.0026 0.2320 0.1125 0.3992 0.7164 0.8821 0.7753 0.8463 0.0216

TEST1 CVL 4 HIS_LAT CONTOL MAJOR 61 36 39 56 38 30 57 34 35 57 62

HIS_LAT CONTOL

HIS_LAT CONTOL MINOR 5 30 27 10 28 36 9 30 31 9 4

CVL 1/2/3 HIS_LAT CASE MAJOR 33 15 15 34 23 18 32 22 23 28 32

HIS_LAT CASE

HIS_LAT CASE MINOR 3 21 21 2 13 16 2 12 11 6 4

p 0.8919 0.2138 0.0920 0.1506 0.5343 0.4778 0.2404 0.2701 0.1606 0.5947 0.3646

2x2 chi 0.0180 1.5450 2.8390 2.0660 0.3860 0.5040 1.3780 1.2160 1.9680 0.2830 0.8220

perm-p 1.0000 0.7971 0.4287 0.5570 1.0000 0.9970 0.7955 0.8617 0.6659 0.9074 0.7487
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Table 26 Haploview Chi-Square Permuted-p Values Test2 
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TEST2 CVL 4 AF_AM CONTOL MAJOR 172 50 101 99 125 82 162 86 99 133 146

AF_AM CONTOL

AF_AM CONTOL MINOR 0 122 71 73 45 80 2 76 65 31 18

CVL 1/2 AF_AM CASE MAJOR 134 49 80 89 94 46 124 60 68 98 110

AF_AM CASE

AF_AM CASE MINOR 4 89 58 49 44 76 2 66 58 28 14

p 0.0246 0.2270 0.8941 0.2142 0.2973 0.0304 0.7901 0.3572 0.2745 0.4864 0.9329

2x2 chi 5.0510 1.4600 0.0180 1.5430 1.0860 4.6870 0.0710 0.8480 1.1940 0.4850 0.0070

perm-p 0.0379 0.8176 1.0000 0.7884 0.9282 0.1766 1.0000 0.9481 0.8949 0.7990 1.0000

TEST2 CVL 4 WHITE CONTOL MAJOR 356 211 208 345 248 183 334 231 253 324 337

WHITE CONTOL

WHITE CONTOL MINOR 48 191 196 59 154 203 52 147 131 62 49

CVL 1/2 WHITE CASE MAJOR 137 97 99 120 88 80 133 95 103 120 144

WHITE CASE

WHITE CASE MINOR 19 59 55 34 68 68 15 55 47 30 6

p 0.9223 0.0388 0.0066 0.0342 0.2527 0.1692 0.2975 0.6356 0.5400 0.2777 0.0029

2x2 chi 0.0100 4.2690 7.3820 4.4840 1.3080 1.8900 1.0850 0.2250 0.3750 1.1780 8.8680

perm-p 1.0000 0.1804 0.0213 0.1679 0.6902 0.6716 0.8746 0.9982 0.9855 0.5381 0.0103

TEST2 CVL 4 HIS_LAT CONTOL MAJOR 61 36 39 56 38 30 57 34 35 57 62

HIS_LAT CONTOL

HIS_LAT CONTOL MINOR 5 30 27 10 28 36 9 30 31 9 4

CVL 1/2 HIS_LAT CASE MAJOR 33 15 15 34 23 18 32 22 23 28 32

HIS_LAT CASE

HIS_LAT CASE MINOR 3 21 21 2 13 16 2 12 11 6 4

p 0.8918 0.2138 0.0920 0.1506 0.5343 0.4778 0.2404 0.2701 0.1606 0.5947 0.3646

2x2 chi 0.0180 1.5450 2.8390 2.0660 0.3860 0.5040 1.3780 1.2160 1.9680 0.2830 0.8220

perm-p 1.0000 0.7988 0.4265 0.5565 1.0000 0.9970 0.7955 0.8617 0.6659 0.9134 0.7498
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Table 27 Haploview Chi-Square Permuted-p Values Test3 
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TEST3 CVL 4 AF_AM CONTOL MAJOR 172 50 101 99 125 82 162 86 99 133 146

AF_AM CONTOL

AF_AM CONTOL MINOR 0 122 71 73 45 80 2 76 65 31 18

CVL 1 AF_AM CASE MAJOR 81 28 44 56 62 32 80 42 46 65 74

AF_AM CASE

AF_AM CASE MINOR 3 56 40 28 22 46 2 40 36 17 8

p 0.0127 0.4865 0.3365 0.1615 0.9620 0.1634 0.4759 0.7827 0.5212 0.7329 0.7693

2x2 chi 6.2160 0.4840 0.9240 1.9600 0.0020 1.9420 0.5080 0.0760 0.4120 0.1160 0.0860

perm-p 0.0361 0.9950 0.9392 0.6970 1.0000 0.6755 0.9862 1.0000 1.0000 0.9580 0.9780

TEST3 CVL 4 WHITE CONTOL MAJOR 356 211 208 345 248 183 334 231 253 324 337

WHITE CONTOL

WHITE CONTOL MINOR 48 191 196 59 154 203 52 147 131 62 49

CVL 1 WHITE CASE MAJOR 84 55 57 69 57 53 82 65 68 77 85

WHITE CASE

WHITE CASE MINOR 10 39 35 23 37 39 10 29 26 17 5

p 0.7351 0.2918 0.0692 0.0154 0.8502 0.0787 0.5044 0.1493 0.2323 0.6535 0.0424

2x2 chi 0.1140 1.1110 3.3020 5.8690 0.0360 3.0920 0.4460 2.0800 1.4270 0.2250 4.1180

perm-p 0.8471 0.7922 0.3655 0.0814 1.0000 0.3749 0.9920 0.5721 0.7490 0.9177 0.1050

TEST3 CVL 4 HIS_LAT CONTOL MAJOR 61 36 39 56 38 30 57 34 35 57 62

HIS_LAT CONTOL

HIS_LAT CONTOL MINOR 5 30 27 10 28 36 9 30 31 9 4

CVL 1 HIS_LAT CASE MAJOR 21 8 8 21 15 11 19 14 14 14 20

HIS_LAT CASE

HIS_LAT CASE MINOR 1 14 14 1 7 9 1 6 6 6 2

p 0.6253 0.1396 0.0642 0.1927 0.3787 0.4540 0.2912 0.1832 0.1793 0.0911 0.6523

2x2 chi 0.2380 2.1820 3.4250 1.6970 0.7750 0.5610 1.1140 1.7720 1.8030 2.8540 0.2380

perm-p 1.0000 0.6049 0.3092 0.7088 0.8487 1.0000 0.8797 0.6707 0.6438 0.1864 1.0000
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Table 28 Haploview Chi-Square Permuted-p Values of Other Non-HIV Positive 

Populations 
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TURK MAJOR 131 78 80 137 80 80 80

TURK

TURK MINOR 5 78 76 17 56 56 56

SF_WHITE MAJOR 274 172 177 270 183 261 198 205 183 183

SF_WHITE

SF_WHITE MINOR 42 142 139 46 133 41 104 97 133 133

SF_AF_AM MAJOR 97 33 53 65 61 63 32 36 61 61

SF_AF_AM

SF_AF_AM MINOR 1 65 43 31 29 1 32 28 29 29

AFRICAN MAJOR 0 183 363 374 440 440 440

AFRICAN

AFRICAN MINOR 0 425 247 234 164 164 164
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1.19  CCR5 - Chemokine Receptor 5 

1.19.1 CCR5 Background 

Chemokine Receptor 5 (CCR5) is transcribed on the forward strand of chromosome 3 

and has a 32 base pair insertion/deletion polymorphism called del32 in its third exon that 

is easily genotyped by PCR amplification, electrophoresis (Figure 150 page 291). This 

polymorphism was genotyped for three reasons. Firstly, it is known that CCR5 is a 

known HIV coreceptor and its expression helps the virus to infect target cells [21]. 

Secondly, it is known the del32 allele is associated with protection against both HIV and 

bacterial infection [22]. Thirdly, it is known that CCR5 is located within 6 megabases 

along the same chromosome as TLR9. Because del32 has a known association with 

HIV infection and is on the same chromosome near TLR9, it was important to prove 

there is no linkage disequilibrium between the CCR5 and TLR9 loci, so as to control for 

the affects of the del32 allele before evaluating the TLR9 locus. 

 



 

 290 

Figure 149 CCR5 (rs333 ins32>del32) 
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Figure 150 Genotyping the CCR5 del32 (rs333) Polymorphism 
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1.19.2 CCR5 Results 

The afam controllers (CVL-1/2/3) had a significantly higher frequency of the CCR5 rs333 

del32 allele than the afam CVL-4 noncontrollers in all three tests (test1 permuted-p ≤ 

0.0261; test2 permuted-p ≤ 0.0379; test3 permuted-p ≤ 0.0361) (Tables pages 277 - 

280, 285 - 288). Individuals with two copies of the del32 allele are highly protected 

against HIV-1 infection, and as expected, no individuals were found to be homozygous 

for the CCR5 del32 allele in the HIV-1-infected group [21]. I have published a detailed 

summary of the frequency of the CCR5 del32 allele in the SCOPE cohort in a paper 

describing the enrichment of dual/mixed/X4-tropic viruses among HIV-1-infected 

individuals treated with Highly Active Antiretroviral Therapy (HAART) [57]. No 

associations for the del32 were found in the white and hislat populations. 
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1.20  TLR9 - Toll-Like Receptor 9 

1.20.1 TLR9 Background 

Toll-like Receptor 9 (TLR9) is a protein receptor that is highly expressed on the surface 

of the endoplasmic reticulum of plasmacytoid dendritic cells and macrophages, and is 

recruited to the early endosome and a tubular lysosomal compartment upon stimulation 

with it’s agonist, unmethylated CpG oligonucleotide [58]. As part of the innate immune 

response, TLR9 functions to recognize foreign invasion by recognizing the CpG 

pathogen associated molecular pattern (PAMP) that his common to many bacterial and 

viral genomes. Strong signaling through TLR9 in dendritic cells leads to the transcription 

of NF-kB-dependent inflammatory cytokines (Type 1 IFN, TNF) (Figure 151 page 297, 

and Figure 152 page 297). Interestingly, mice deficient in TLR9 (TLR9-/- knockouts) are 

resistant to lethal doses of CpG agonists [59, 60].  

 

TLR9 has different transcriptional isoforms (Figure 154 page 299). TLR9A translates a 

1,032 residue protein translated from a transcript that splices a single methionine (exon 

1) to exon 2. The TLR9B isoform is 57 amino acids shorter than TLR9A and has been 

associated with weaker TLR9 signaling than the TLR9A. 

 

TLR9 polymorphisms have been associated with a number of disease phenotypes. Four 

common tagging-SNPs [rs352140 (2848 A>G or 1635 A>G), rs352139 (1174 G>A), 

rs5743836 (p1237 T>C), rs187084 (p1486 T>C)] have been identified that define the 

common TLR9 haplotypes in an association study that failed to correlate these genetic 

variants with an asthma phenotype (Figure 155 page 6) [55]. It was further shown the 

frequency of three of these SNPs were ethnicity-specific (white, afam, and hislat).  
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1.20.1.1 Confirmed Associations 

These same four TLR9 polymorphisms have been investigated for their association with 

the rate of CD4+ T-cell loss in a cohort of HIV-infected 12,000 Swiss [20]. TLR9 

rs352139 A>G and rs352140 G>A were each associated with HIV/AIDS rapid 

progression (P ≤ 0.0008). In a very recent study 1237 T>C was associated with 

increased risk of asthma in a cohort of Tunisian children [61], associated with 

susceptibility to pulmonary aspergillosis [62], and associate with increased risk of atopic 

eczema (AE) in two panels of families as well as in a cohort of unrelated adults [63]. 

 

1.20.1.2 Failed Associations 

However, many studies have failed to show association of TLR9 to disease phenotypes. 

TLR9 1237 T>C could not be associated with multiple sclerosis in a Portuguese 

population [64], or with predisposition to severe malaria in African children [65], or with 

Crohn’s disease in a New Zealand Caucasian cohort [66]. In two other studies, TLR9 

polymorphisms could not be associated with systemic lupus erythematosus in a cohort 

of family trios [67], or in a case-control study of Caucasian women [68]. Furthermore, 

SNPs in TLR9 could not be associated with Behçet’s disease in Japanese patients [69].  

 

1.20.2 TLR9 Method 

To explore the possibility that polymorphisms in TLR9 might associate with HIV/AIDS 

viremia levels, four common TLR9 SNPs identified by Lazarus [55] were genotyped 237 

in the HIV-infected cohort. In a preliminary survey, 237 individuals were genotyped using 

RFLP assays (Figure 155 page 300). In order to be sure that other common or rare 

SNPs weren’t overlooked in this study, a the TLR9 locus was resequenced on both the 
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forward and reverse strand at the TLR9 locus across 8,000 bases. From the genotypes 

of the 237 unrelated individuals, the frequencies of the most common haplotypes of 

TLR9 were calculated using Haploview software. Eleven individuals representing all of 

the major haplotypes were identified and resequenced. It was hypothesized other 

potentially rare SNPs may be identified by sequencing DNA samples from individuals 

representing all of the major haplotypes. In total 12 amplicons were resequenced 

spanning the 5,000 base pair gene TLR9 transcript and the 3,000 base pair promoter 

region (Figure 157 page 301). A total of 10 polymorphisms were identified at the TLR9 

locus (Figure 156 page 300, Table 29 page 302). However, after genotyping these it was 

found that the four tagging-SNPs identified by Lazarus were sufficient to identify the 

major TLR9 haplotypes in the HIV cohort. 
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Figure 151 Dendritic cells respond through TLR3/7/8/9 [70] 

Dendritic cells may be stimulated through TLR3, TLR7, TLR8 and TLR9. Stimulation of 

TLR9 by unmethylated CpG oligonucleotides is mediated by both and IRF5-dependent 

and IRF5-independent pathways which both result in the increased production of 

proinflammatory cytokines. 
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Figure 152 Toll-like Receptor Signaling [54] 

Toll-like Receptor signaling ism IRF5 leading to increases of NF-kB and the production 

Type 1 IFN and TNF. 
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Figure 153 TLR9 (rs352140 G>A, rs352139G>A, rs5743836 T>C, rs187084 T>C) 
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Figure 154 TLR9A/B/C Transcripts Have Variable Signaling Activity 

Three TLR9 transcripts can be found in the NCBI database (TLR9A, TLR9B AND 

TLR9C). The TLR9A transcript is the reference transcript. The TLR9B transcript initiates 

translation at a secondary methionine resulting in a protein isoform that is 57 amino 

acids shorter that the TLR9A isoform. The TLR9C isoform may be hypothetical. 
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Figure 155 RFLP Agarose Gel Photos for Four TLR9 SNPs 

 

 

Figure 156 Sequencing Chromatograms of Four TLR9 SNPs 
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Figure 157 Resequencing the TLR9 Locus (8,000 bp) 
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Table 29 PCR Conditions (TLR9 extended) 
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1.20.3 TLR9 Results 

White controllers (CVL-1/2/3) had significantly higher frequencies of the  TLR9 rs352140 

A>G allele (permuted-p ≤ 0.0357) and the TLR9 rs352139 G>A alleles (permuted-p ≤ 

0.0026) than the white noncontrollers (CLV-4) (test1) [(Tables pages 277 - 280, 285 - 

288) (Figure 158 page 300)]. These polymorphisms correlated with a significantly lower 

frequency of TLR9 haplotype 1 in the white controllers versus the noncontrollers during 

test1 (permuted-p ≤ 0.0082) (Figure 159 page 308). This association was reduced to a 

trend during test2 (permuted-p ≤ 0.0521) and was lost during test3 as the number of 

noncontrollers was reduced (CVL-1/2/3 n = 96, CVL-1/2 n = 78, CVL-1 n = 47) (Tables 

pages 305, 306, and 307). Although it did not reach statistical significance, there was a 

trend of enrichment of TLR9 haplotype 4 in the afam noncontrollers (CVL-4) in test1 

(permuted-p ≤ 0.0938) and test2 (permuted-p ≤ 0.0757).  

 

The rsquare and dprime (Definitions page 209) linkage disequilibrium values across the 

TLR9 locus, and between the TLR9 and CCR5 loci were calculated (Figures pages 309 - 

311). No linkage disequilibrium was detected between the TLR9 and CCR5 loci. 

 

In White Americans, the frequency of the TLR9 rs5743836 1237 T>C allele was 

enriched in the lower HIV viremia (CVL-1/2/3) group when compared with the high 

viremia group (CVL-4). However, the association did not sustain significance using the 

Haploview chi-square permutation test (tables pages 285 - 287). It may be the case that 

study was underpowered to detect the association of rs5743836 because the numbers 

of individuals in the low viremia group was too small. It may be the case that if this study 

were replicated in a larger cohort the 1237 T>C may associate.  
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It should be noted in the whites, the rs5743836 T>C allele was in strong linkage 

disequilibrium with rs352139 G>A and rs352140 A>G (Figure 162 page 310), and that 

rs5743836 C allele is not on TLR9 haplotype 1 (Figure 159 page 308).  

 

It is plausible that TLR9 rs5743836 T>C may associate with risk of asthma [61], 

susceptibility to pulmonary aspergillosis [62], and with increased risk of atopic eczema 

[63] through an NF-kB-dependent mechanism. Delta-MATCH predicted the rs5743836 

T>C polymorphism has a strong potential to create an allele-specific NF-kB binding site 

(Figure 138 page 244). If the minor rs5743836 1237 C allele has a stronger predicted 

binding affinity to the NF-kB transcription factor, it is plausible the TLR9 expression 

levels for individuals homozygous for the major (T) and minor (C) alleles may differ.  

 

It was also predicted the TLR9A and TLR9B isoforms may differ in that the longer 

isoform may have a signal sequence in its N-terminus at position T28. If a signal 

sequence is required for proper TLR9 processing, it is possible that an isoform lacking 

the signal sequence may not function properly and associate with lower signaling 

efficiency. It would be interesting to investigate which TLR9 genotypes and haplotypes 

associate with TLR9A and TLR9B isoform production. 
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Table 30 TLR9 Haplotypes Test1 (CVL-1/2/3 vs CVL-4) 

 

 

test1 CVL4 vs CVL1/2/3 hap1 hap2 hap3 hap4 hap5 hap6 hap7 hap8

1 2 3 4 5 6 7 8

2848_G>A_hiv03a rs352140 G A A G G G A G

1174_G>A_hiv03a rs352139 A G G G G G G A

p1237_T>C_hiv03a rs5743836 T T C C T C T C

p1486_T>C_hiv03a rs187084 T C T T C C T C

afam control hap 67.9 26.3 20.4 35.0 1.4 14.6 3.3 3.0

control non-hap 104.1 145.7 151.6 137.0 170.6 157.4 168.7 169.0 86.0

case hap 68.9 30.5 24.8 18.1 3.2 17.1 2.7 1.0

case non-hap 101.1 139.5 145.2 151.9 166.8 152.9 167.3 169.0 85.0

ave freq 0.400 0.166 0.132 0.155 0.013 0.093 0.018 0.012 0.989

control freq 0.395 0.153 0.118 0.203 0.008 0.085 0.019 0.018 0.999

case freq 0.405 0.180 0.146 0.107 0.019 0.101 0.016 0.006 0.980

dif case-control 0.0100 0.0270 0.0280 -0.0960 0.0110 0.0160 -0.0030 -0.0120

p 0.8475 0.5067 0.4555 0.0135 0.3730 0.6237 0.8024 0.2337

2x2 chi 0.0370 0.4410 0.5570 6.1070 0.7940 0.2410 0.0630 0.9740

perm-p 1.0000 1.0000 1.0000 0.0938 0.9936 1.0000 1.0000 0.9431

white control hap 189.9 148.9 57.1

control non-hap 214.1 255.1 346.9 202.0

case hap 65.0 84.0 34.0

case non-hap 127.0 108.0 158.0 96.0

ave freq 0.428 0.391 0.153 0.972

control freq 0.470 0.369 0.141 0.980

case freq 0.339 0.437 0.177 0.953

dif control-case -0.1310 0.0680 0.0360 0.0000 0.0000 0.0000 0.0000 0.0000

p 0.0024 0.1077 0.2591

2x2 chi 9.1970 2.5880 1.2740

perm-p 0.0082 0.3581 0.7290

hislat control hap 27.0 27.0 7.0 2.0 1.0 2.0

control non-hap 39.0 39.0 59.0 64.0 65.0 64.0 33.0

case hap 21.0 13.0 2.0 0.0 0.0 0.0

case non-hap 15.0 23.0 34.0 36.0 36.0 36.0 18.0

ave freq 0.471 0.392 0.088 0.019 0.010 0.020 1.000

control freq 0.409 0.409 0.106 0.030 0.016 0.031 1.001

case freq 0.583 0.361 0.056 0.000 0.000 0.000 1.000

dif control-case 0.1740 -0.0480 -0.0500 -0.0300 0.0000 -0.0160 -0.0310 0.0000

p 0.0920 0.6380 0.3901 0.2947 0.4522 0.2884

2x2 chi 2.8390 0.2210 0.7390 1.0980 0.5650 1.1270

perm-p 0.4287 1.0000 0.9591 0.9060 0.9842 0.8653
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Table 31 TLR9 Haplotypes Test2 (CVL-1/2 vs CVL-4) 

 

 

test2 CVL4 vs CVL1/2 hap1 hap2 hap3 hap4 hap5 hap6 hap7 hap8

1 2 3 4 5 6 7 8

2848_G>A_hiv03a rs352140 G A A G G G A G

1174_G>A_hiv03a rs352139 A G G G G G G A

p1237_T>C_hiv03a rs5743836 T T C C T C T C

p1486_T>C_hiv03a rs187084 T C T T C C T C

afam control hap 67.9 26.3 20.4 35.0 1.4 14.6 3.3 3.0

control non-hap 104.1 145.7 151.6 137.0 170.6 157.4 168.7 169.0 86.0

case hap 55.9 25.6 21.4 13.6 3.2 13.0 2.0 1.0

case non-hap 82.1 112.4 116.6 124.4 134.8 125.0 136.0 137.0 69.0

ave freq 0.399 0.167 0.135 0.157 0.015 0.089 0.017 0.013 0.992

control freq 0.395 0.153 0.119 0.203 0.008 0.085 0.019 0.017 0.999

case freq 0.405 0.186 0.155 0.099 0.023 0.094 0.015 0.007 0.984

dif case-control 0.0100 0.0330 0.0360 -0.1040 0.0150 0.0090 -0.0040 -0.0100

p 0.8579 0.4391 0.3539 0.0116 0.2775 0.7698 0.7461 0.4313

2x2 chi 0.0320 0.5990 0.8590 6.7000 1.1790 0.0860 0.1050 0.6190

perm-p 1.0000 0.9992 0.9809 0.0757 0.9066 1.0000 1.0000 0.9984

white control hap 189.9 148.9 57.1

control non-hap 214.1 255.1 346.9 202.0

case hap 56.0 63.0 30.0

case non-hap 100.0 93.0 126.0 78.0

ave freq 0.439 0.378 0.155 0.972

control freq 0.470 0.369 0.141 0.980

case freq 0.359 0.404 0.192 0.955

dif control-case -0.1110 0.0350 0.0510 0.0000 0.0000 0.0000 0.0000 0.0000

p 0.0176 0.4417 0.1371

2x2 chi 5.6400 0.5920 2.2100

perm-p 0.0521 0.9311 0.5600

hislat control hap 27.0 27.0 7.0 2.0 1.0 2.0

control non-hap 39.0 39.0 59.0 64.0 65.0 64.0 33.0

case hap 21.0 13.0 2.0 0.0 0.0 0.0

case non-hap 15.0 23.0 34.0 36.0 36.0 36.0 18.0

ave freq 0.471 0.392 0.088 0.019 0.010 0.020 1.000

control freq 0.409 0.409 0.106 0.030 0.016 0.031 1.001

case freq 0.583 0.361 0.056 0.000 0.000 0.000 1.000

dif control-case 0.1740 -0.0480 -0.0500 -0.0300 0.0000 -0.0160 -0.0310 0.0000

p 0.0920 0.6380 0.3901 0.2947 0.4522 0.2884

2x2 chi 2.8390 0.2210 0.7390 1.0980 0.5650 1.1270

perm-p 0.4265 1.0000 0.9609 0.9066 0.9848 0.8671
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Table 32 TLR9 Haplotypes Test3 (CVL-1 vs CVL-4) 

 

 

test3 CVL4 vs CVL1 hap1 hap2 hap3 hap4 hap5 hap6 hap7 hap8

1 2 3 4 5 6 7 8

2848_G>A_hiv03a rs352140 G A A G G G A G

1174_G>A_hiv03a rs352139 A G G G G G G A

p1237_T>C_hiv03a rs5743836 T T C C T C T C

p1486_T>C_hiv03a rs187084 T C T T C C T C

afam control hap 68.0 26.5 20.2 35.2 14.6 3.3 3.0

control non-hap 104.0 145.5 151.8 136.8 157.4 168.7 169.0 86.0

case hap 39.0 13.9 13.2 7.7 6.0 0.9 1.0

case non-hap 45.0 70.1 70.8 76.3 78.0 83.1 83.0 42.0

ave freq 0.418 0.158 0.131 0.168 0.081 0.016 0.016 0.988

control freq 0.395 0.154 0.118 0.204 0.085 0.019 0.018 0.993

case freq 0.464 0.166 0.157 0.092 0.072 0.010 0.012 0.973

dif case-control 0.0690 0.0120 0.0390 -0.1120 0.0000 -0.0130 -0.0090 -0.0060

p 0.2940 0.8103 0.3756 0.0237 0.7210 0.6007 0.7398

2x2 chi 1.1010 0.0580 0.7850 5.1130 0.1280 0.2740 0.1100

perm-p 0.9181 1.0000 0.9697 0.1484 1.0000 0.9995 1.0000

white control hap 189.9 148.9 57.1

control non-hap 214.1 255.1 346.9 202.0

case hap 36.0 32.0 19.0

case non-hap 58.0 62.0 75.0 47.0

ave freq 0.454 0.363 0.153 0.970

control freq 0.470 0.369 0.141 0.980

case freq 0.383 0.340 0.202 0.925

dif control-case -0.0870 -0.0290 0.0610 0.0000 0.0000 0.0000 0.0000 0.0000

p 0.1266 0.6084 0.1425

2x2 chi 2.3340 0.2630 2.1510

perm-p 0.4647 1.0000 0.4846

hislat control hap 27.0 27.0 7.0 2.0 1.0 2.0

control non-hap 39.0 39.0 59.0 64.0 65.0 64.0 33.0

case hap 14.0 7.0 1.0 0.0 0.0 0.0

case non-hap 8.0 15.0 21.0 22.0 22.0 22.0 11.0

ave freq 0.466 0.386 0.091 0.022 0.012 0.023 1.000

control freq 0.409 0.409 0.106 0.030 0.016 0.031 1.001

case freq 0.636 0.318 0.045 0.000 0.000 0.000 0.999

dif control-case 0.2270 -0.0910 -0.0610 -0.0300 0.0000 -0.0160 -0.0310 0.0000

p 0.0642 0.4504 0.3918 0.4125 0.5555 0.4052

2x2 chi 3.4250 0.5700 0.7330 0.6720 0.3480 0.6930

perm-p 0.3092 1.0000 0.9216 0.9868 1.0000 0.9675
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Figure 158 TLR9 rs352139 G>A and rs352140 A>G Associated with Higher HIV 

Viremia in White Americans 

 

 

Figure 159 TLR9 Haplotype 1 Associated with Higher Viremia in White Americans 
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Figure 160 Linkage Disequilibrium (D’) for Four TLR9 SNPs and One CCR5 In/Del 

in African American Test1 

 

 

Figure 161 Linkage Disequilibrium (R-squared) for Four TLR9 SNPs and One CCR5 

In/Del in African American Test1 
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Figure 162 Linkage Disequilibrium (D’) for Four TLR9 SNPs and One CCR5 In/Del 

in White American Test1 

 

 

Figure 163 Linkage Disequilibrium (R-squared) for Four TLR9 SNPs and One CCR5 

In/Del in White American Test1 
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Figure 164 Linkage Disequilibrium (D’) for Four TLR9 SNPs and One CCR5 In/Del 

in His/Lat American Test1 

 

 

Figure 165 Linkage Disequilibrium (R-squared) for Four TLR9 SNPs and One CCR5 

In/Del in His/Lat American Test1 
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1.21 IRF5 - Interferon Regulatory Fragment 5 

1.21.1 IRF5 Background 

Interferon responsive factor 5 (IRF5) is a component of the innate immune response and 

is an important modulator of NF-kB-dependent interferon cytokine production (Figure 

186 page 322). A genomic scan identified the IRF5 locus is associate with variable gene 

expression [71]. At least 11 IRF5 mRNA transcriptional variants exist, and at least three 

different transcriptional start sites have been defined (exon1a, exon1b, exon1c) (Figures 

pages 316 - 320) [17, 72].  

 

Four important IRF5 tagging-SNPs have been identified [(rs2004640 T>G, rs2070197 

T>C, rs10954213 A>G, and rs2280714 T>C)] and many IRF5 polymorphism 

associations have been described. The rs2004640 T>G (T) allele is associated with high 

expression and increased production of transcripts starting at exon1b. The rs10954213 

A>G (A) allele produces an early polyadenylation site in the IRF5 3’UTR, and transcripts 

with this A allele are shorter, have a longer half-life, and produce 5-fold more protein 

than transcripts with the G allele [17-19]. The rs2280714 T>C (T) allele has also been 

associated with high expression levels of IRF5 and systemic lupus erythematosus (SLE) 

[17]. Two insertion/deletion (indel) polymorphisms have been described in IRF5 near 

exons 6 and 7 [19]. The longer 30-bp indel polymorphism removes a 10-amino acid 

PEST domain in the deleted form. A similar PEST domain in IκBα, an inhibitor of kappa 

light chain gene enhancer in B cells, is critical for its calpain-dependent degradation [73]. 

It has been suggested that the PEST domain in IRF5 may modulate protein stability, but 

this hypothesis has not been proven [17, 19]. 
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Recent publications have demonstrated that an IRF5 haplotype with rs2004640 T, 

rs10954213 A, and rs2280714 T is associated with an increased risk SLE in populations 

of European-Caucasians and Indo-Pakistanis as shown with a transmission 

disequilibrium test [18]. Furthermore, a haplotype with IRF5 rs2004640 T, rs2070197 C, 

and rs10954213 A (haplotype 1) is also associated with SLE, while haplotypes with the 

rs2070197 T allele (haplotypes 2 and 5) were associated with the 30-bp deletion and the 

absence of the PEST domain in the IRF5 protein [19]. Finally, the absence of the PEST 

domain in haplotype 5 is associated with protection against SLE.  

 

 

 

 



 

 314 

Figure 166 IRF5 (rs2004640 T>G, rs2070197 T>C, rs10954213 A>G, rs2280714 T>C) 
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Figure 167 IRF5 mRNA variant shown in the UCSC Genome Browser 
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Figure 168 IRF5 Sequencher alignment of 11 mRNA variants (part 1) 

 

 

Figure 169 IRF5 Sequencher alignment of 11 mRNA variants (part 3) 

 

 

Figure 170 IRF5 Sequencher alignment of 11 mRNA variants (part 3) 

 

 

Figure 171 Alignment of five human IRF5 transcripts with one mouse and one cow 

transcript. 
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Human transcripts show two indel polymorphisms (one 48 bp and one 30 bp) in the IRF5 

exon6. Alignment with the mouse (NP_036187) and cow (NP_001030542) show the 30 

bp indel coding for a PEST domain is absent other vertebrates, the 48 bp indel however, 

is present. 

 

Figure 172 IRF5 Sequencher alignment of mRNA variant 1 

 

Figure 173 IRF5 Sequencher alignment of mRNA variant 2 
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Figure 174 IRF5 Sequencher alignment of mRNA variant 3 

 

Figure 175 IRF5 Sequencher alignment of mRNA variant 4 

 

Figure 176 IRF5 Sequencher alignment of mRNA variant 5 
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Figure 177 IRF5 Sequencher alignment of mRNA variant 6 

 

Figure 178 IRF5 Sequencher alignment of mRNA variant 7 

 

Figure 179 IRF5 Sequencher alignment of mRNA variant 8 
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Figure 180 IRF5 Sequencher alignment of mRNA variant 9 

 

Figure 181 IRF5 Sequencher alignment of mRNA variant 10 

 

Figure 182 IRF5 Sequencher alignment of mRNA variant 11 
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Figure 183 Sequencher alignment legend 

 

 

Figure 184 Genotyping Four IRF5 SNPs with Taqman Assays-on-Demand 
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Figure 185 IRF5 Is a Critical Switch Regulating Inflammation and Autoimmunity 

and is Associated with Lupus 
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1.21.2  IRF5 Results 

The four common IRF5 polymorphisms were genotyped and the frequencies of the 

common IRF5 haplotypes were estimated (Figure 185 page 321). The rsquare and 

dprime (Definitions page ) linkage disequilibrium values across the IRF5 locus were 

calculated (Figures pages 329 - 331). 

 

IRF5 Haplotype 2 was significantly enriched in the white controllers during test1 

(permuted-p ≤ 0.0153) and test3 (permuted-p ≤ 0.0174), and a trend was seen in the 

white test2 (permuted-p ≤ 0.0544) (Tables pages 325, 326, and 327) (Figure 186 page 

328). None of the IRF5 SNPs showed a direct association with HIV viremia in the cohort. 

However, the IRF5 rs2004640 T>G allele showed a trend toward an association with 

higher viremia levels in the afam controllers in test1 (permuted-p ≤ 0.071) (Tables pages 

277 and 285). 

 

Using the four IRF5 tagging-SNPs, I identified five haplotypes in the white HIV-1-infected 

population (freq ≥ 0.01) (Tables pages 325 - 327). IRF5 haplotype 2 was associated with 

low level of viremia. Interestingly, all the SNP alleles in IRF5 haplotype 2 are present in 

the genomes of chimpanzees and other vertebrates, and published protein sequences 

for the cow and mouse are missing the PEST domain (Figure 171 page 316). I 

hypothesize that IRF5 haplotype 2 (with the 30-bp PEST domain deleted) is the 

ancestral IRF5 haplotype and that a recent polymorphism at rs2070197 (C allele) 

produced a variant transcript (haplotype 1). IRF5 haplotype 1 starts transcription at 

exon1b (rs2004640 T), undergoes early polyadenylation, and has a long mRNA half-life 

(rs10954213 A). It is highly expressed (rs2004640 T and rs2280714 T) and perhaps 

gained a novel PEST domain that changed the stability and life-span of the associated 
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IRF5 protein. A highly expressed, stable, and long-lived IRF5 transcript might associate 

with elevated sensitivity to TLR agonists and perhaps chronic inflammatory states during 

viral and bacterial infection. An inability to clear IRF5 levels after a punctuated NF-kB-

dependent inflammatory response might potentiate other autoimmune/autoinflammatory 

diseases and contribute to HIV-1 progression. In fact, the frequency of IRF5 haplotype 1 

was higher in white and hislat noncontrollers (CVL-4) than in the controllers, although 

this did not reach a level of significance (Tables pages 325 - 327). 

 

I proposed to investigate the IRF5 mRNA diversity in HIV-1-infected whites homozygous 

for IRF5 haplotype 1 or haplotype 2, with the goal of distinguishing how the presence (or 

absence) of the two IRF5 indel polymorphisms correlate with mRNA and protein stability 

and levels of HIV-1 viremia. IRF5 haplotypes 1 and 2 have been associated with high 

expression of IRF5 mRNA and with more stable IRF5 protein than proteins coded by 

haplotypes 1, 3 and 4 [18, 73]. However, it is unclear how the presence or absence of 

the PEST domain may associate with sensitivity to TLR agonists. Haplotype 1 or 2 may 

associate with an inability to produce strong NF-kB-dependent inflammatory responses 

and a generally lower inflammatory state. I further hypothesize that IRF5 haplotype 1 

and 2 may associate with different magnitudes of NF-kB-dependent inflammatory 

responses, and may be associated with an increased risk of diseases such as 

inflammatory bowel disease (IBD), multiple sclerosis (MS), and Alzheimer’s disease 

(AD), as well as HIV-related dementia. 
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Table 33 IRF5 Haplotypes Test1 (CVL-1/2/3 vs CVL-4) 

 

 

test1 CVL4 vs CVL1/2/3 hap1 hap2 hap3 hap4 hap5

1 2 3 4 5

IRF5a_T>G rs2004640 T T T G G

IRF5d_T>C rs2070197 C T T T T

IRF5c_A>Grs10954213 A A G G A

IRF5b_T>C rs2280714 T T T C T

afam control hap 2.0 70.3 7.4 60.7 14.5

control non-hap 162.0 93.7 156.6 103.3 149.5 82.0

case hap 2.0 49.2 4.0 67.6 21.7

case non-hap 150.0 102.8 148.0 84.4 130.3 76.0

ave freq 0.013 0.378 0.036 0.406 0.115 0.948

control freq 0.012 0.429 0.045 0.370 0.088 0.944

case freq 0.013 0.324 0.026 0.444 0.143 0.950

dif case-control 0.0010 -0.1050 -0.0185 0.0740 0.0550

p 0.9390 0.0544 0.3741 0.1771 0.1261

2x2 chi 0.0060 3.6990 0.7900 1.8220 2.3390

perm-p 1.0000 0.3259 1.0000 0.6340 0.5171

white control hap 52.0 107.2 23.8 125.6 68.3

control non-hap 334.0 278.8 362.2 260.4 317.7 193.0

case hap 18.3 73.8 9.6 53.8 27.8

case non-hap 165.7 110.2 174.4 130.2 156.2 92.0

ave freq 0.123 0.317 0.059 0.315 0.169 0.983

control freq 0.135 0.278 0.062 0.325 0.177 0.977

case freq 0.099 0.401 0.052 0.293 0.151 0.996

dif control-case -0.0360 0.1230 -0.0100 -0.0320 -0.0260 0.019

p 0.2297 0.0031 0.6429 0.4325 0.4355

2x2 chi 1.4430 8.7710 0.2150 0.6160 0.6080

perm-p 0.7244 0.0153 0.9961 0.9409 0.9422

hislat control hap 8.5 19.5 2.0 28.9 5.0

control non-hap 57.5 46.5 64.0 37.1 61.0 33.0

case hap 2.0 15.3 0.7 11.0 4.7

case non-hap 32.0 18.7 33.3 23.0 29.3 17.0

ave freq 0.105 0.348 0.027 0.399 0.096 0.975

control freq 0.128 0.296 0.031 0.438 0.075 0.968

case freq 0.059 0.451 0.020 0.323 0.137 0.990

dif control-case -0.0690 0.1550 -0.0110 -0.1150 0.0620

p 0.2838 0.1230 0.7473 0.2650 0.3206

2x2 chi 1.1490 2.3790 0.1040 1.2420 0.9870

perm-p 0.8628 0.5625 0.9994 0.8566 0.9018
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Table 34 IRF5 Haplotypes Test2 (CVL-1/2 vs CVL-4) 

 

 

test2 CVL4 vs CVL1/2 hap1 hap2 hap3 hap4 hap5

1 2 3 4 5

IRF5a_T>G rs2004640 T T T G G

IRF5d_T>C rs2070197 C T T T T

IRF5c_A>G rs10954213 A A G G A

IRF5b_T>C rs2280714 T T T C T

afam control hap 2.0 70.4 7.3 60.6 4.9

control non-hap 162.0 93.6 156.7 103.4 159.1 82.0

case hap 2.0 41.5 2.5 56.6 5.6

case non-hap 124.0 84.5 123.5 69.4 120.4 63.0

ave freq 0.014 0.386 0.033 0.404 0.106 0.943

control freq 0.012 0.429 0.044 0.370 0.088 0.943

case freq 0.016 0.329 0.019 0.449 0.131 0.944

dif case-control 0.0040 -0.1000 -0.0250 0.0790 0.0430

p 0.7901 0.0839 0.2455 0.1717 0.2430

2x2 chi 0.0710 2.9870 1.3480 1.8680 1.3630

perm-p 1.0000 0.4247 0.8084 0.6459 0.8039

white control hap 52.0 107.1 23.9 125.5 68.3

control non-hap 334.0 278.9 362.1 260.5 317.7 193.0

case hap 15.3 58.6 7.8 46.9 21.0

case non-hap 134.7 91.4 142.2 103.1 129.0 75.0

ave freq 0.126 0.309 0.059 0.322 0.167 0.983

control freq 0.135 0.278 0.062 0.325 0.177 0.977

case freq 0.102 0.391 0.052 0.312 0.140 0.997

dif control-case -0.0330 0.1130 -0.0100 -0.0130 -0.0370 0.020

p 0.3035 0.0109 0.6545 0.7748 0.2981

2x2 chi 1.0590 6.4790 0.2000 0.0820 1.0830

perm-p 0.8766 0.0544 0.9984 1.0000 0.8747

hislat control hap 8.5 19.5 2.0 28.9 5.0

control non-hap 57.5 46.5 64.0 37.1 61.0 33.0

case hap 2.0 15.3 0.7 11.0 4.7

case non-hap 32.0 18.7 33.3 23.0 29.3 17.0

ave freq 0.105 0.348 0.027 0.399 0.096 0.975

control freq 0.128 0.296 0.031 0.438 0.075 0.968

case freq 0.059 0.451 0.020 0.323 0.137 0.990

dif control-case -0.0690 0.1550 -0.0110 -0.1150 0.0620

p 0.2838 0.1230 0.7473 0.2650 0.3206

2x2 chi 1.1490 2.3790 0.1040 1.2420 0.9870

perm-p 0.8628 0.5625 0.9994 0.8566 0.9018
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Table 35 IRF5 Haplotypes Test3 (CVL-1 vs CVL-4) 

 

test3 CVL4 vs CVL1 hap1 hap2 hap3 hap4 hap5

1 2 3 4 5

IRF5a_T>G rs2004640 T T T G G

IRF5d_T>C rs2070197 C T T T T

IRF5c_A>G rs10954213 A A G G A

IRF5b_T>C rs2280714 T T T C T

afam control hap 2.0 70.4 7.5 60.7 14.4

control non-hap 162.0 93.6 156.5 103.3 149.6 82.0

case hap 2.0 29.6 1.5 35.7 10.4

case non-hap 80.0 52.4 80.5 46.3 71.6 41.0

ave freq 0.016 0.406 0.037 0.392 0.101 0.952

control freq 0.020 0.429 0.046 0.370 0.088 0.953

case freq 0.003 0.361 0.019 0.435 0.126 0.944

dif case-control -0.0170 -0.0680 -0.0270 0.0650 0.0380

p 0.4759 0.3059 0.2929 0.3226 0.3441

2x2 chi 0.5080 1.0480 1.1060 0.9780 0.8950

perm-p 0.9862 0.9130 0.9082 0.9232 0.9313

white control hap 52.0 107.2 23.8 125.5 68.3

control non-hap 334.0 278.8 362.2 260.5 317.7 193.0

case hap 10.3 41.3 3.1 25.9 13.4

case non-hap 83.7 52.7 90.9 68.1 80.6 47.0

ave freq 0.130 0.309 0.056 0.315 0.170 0.980

control freq 0.135 0.278 0.062 0.325 0.177 0.977

case freq 0.110 0.439 0.033 0.276 0.142 1.000

dif control-case -0.0250 0.1610 -0.0290 -0.0490 -0.0350 0.023

p 0.5144 0.0024 0.2779 0.3533 0.4206

2x2 chi 0.4250 9.1900 1.1780 0.8620 0.6490

perm-p 0.9920 0.0174 0.8503 0.9565 0.9691

hislat control hap 8.5 19.5 2.0 28.9 5.0

control non-hap 57.5 46.5 64.0 37.1 61.0 33.0

case hap 1.0 10.0 0.0 6.0 3.0

case non-hap 19.0 10.0 20.0 14.0 17.0 10.0

ave freq 0.110 0.342 0.024 0.406 0.093 0.975

control freq 0.129 0.295 0.031 0.438 0.076 0.969

case freq 0.050 0.500 0.000 0.300 0.150 1.000

dif control-case -0.0790 0.2050 -0.0310 -0.1380 0.0740

p 0.3247 0.0911 0.4346 0.2687 0.3166

2x2 chi 0.9700 2.8550 0.6100 1.2230 1.0030

perm-p 0.9076 0.4830 0.9703 0.8460 0.9031



 

 328 

Figure 186 IRF5 Haplotypes in White Americans 
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Figure 187 Linkage Disequilibrium (D’) for Four IRF5 SNPs in African American 

Test1 

 

 

Figure 188 Linkage Disequilibrium (R-squared) for Four IRF5 SNPs in African 

American Test1 
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Figure 189 Linkage Disequilibrium (D’) for Four IRF5 SNPs in White American 

Test1 

 

 

Figure 190 Linkage Disequilibrium (R-squared) for Four IRF5 SNPs in African 

American Test1 
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Figure 191 Linkage Disequilibrium (D’) for Four IRF5 SNPs in His/Lat American 

Test1 

 

 

Figure 192 Linkage Disequilibrium (R-squared) for Four IRF5 SNPs in His/Lat 

American Test1 
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1.22 APOE - Apolipoprotein E 

1.22.1 APOE Background 

Apolipoprotein E (APOE) is a major apoprotein of the chlylomicron and facilitates the 

clearance of chlylomicron and very low density lipoprotein remnants from the circulation 

back to the liver. There are three major isoforms of APOE protein, [ε2, ε3 , and ε4)] 

which can be visualized by isoelectric focusing [74] or predicted by genotyping two 

common (SNPs rs429358 T>C, rs7412 C>T) (Figure 194 page 334). APOE ε3 is 

considered the wild-type allele and is the most abundant. 

 

Strong associations between the APOE alleles and the pathologies of multiple disorders 

have been identified. The ε4 allele, for example, is associated with increased risk of 

cardiovascular disease (CVD), Alzheimer’s disease (AD), and HIV-related dementia [12-

14]. Transgenic mice expressing the human ε4 protein are used as a model of AD [15], 

and mice deficient in apoE have elevated lipid levels, and are used as a proinflammatory 

model for studying atherosclerosis [15, 16]. Furthermore, homozygosity of ε2 is 

associated with dysbetalipoproteinemia [75]. 

 

APOE has also been associated with HIV/AIDS-related pathologies. It has been shown 

APOE variants contribute to an unfavorable lipid profile and can lead to severe 

hyperlipidemia in HIV-infected individuals on antiretroviral therapy [76]. In a separate 

study it was shown the ε4 associated with HIV-associated dementia (HAD) in an aging 

cohort of Hawaiians after controlling for age and diabetes status [77]. In unpublished 

work from Trevor Burt (GIVI) has shown that the APOE epsilon 4 allele is associated 

with increased HIV-1 fusion. Because of these findings, it was reasonable to hypothesize 
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that ε4 may associate with HIV viremia levels in my cohort. So I set out to investigate by 

genotyping the rs429358 T>C and rs7412 C>T polymorphisms using taqman assays 

(Figure 194 page 334). 

 

Figure 193 APOE (rs429358 T>C, rs7412 C>T) 
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Figure 194 Genotyping APOE (E2, E3 and E4) 
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1.22.2 APOE Results 

The APOE rs7412 minor T allele was significantly enriched in the white non-controller 

group (CVL-4) during test1 (permuted-p ≤ 0.0216) and test2 (permuted-p ≤ 0.0103) 

(Tables pages 277 - 280, 285 - 288). The white noncontrollers were enriched in the 

rs7412 T allele and the APOE ε2 allele in during test1 (permuted-p ≤ 0.0216) and test2 

(permuted-p ≤ 0.0103) (Tables pages 336 - 338). This may be the first report of an 

association between the APOE ε2 allele and increased viremia in HIV-1-infected adults. 

No association was identified between ε4 and viremia. The rsquare and dprime 

(Definitions page 209) linkage disequilibrium values across the APOE locus were 

calculated (Figures pages 339 - 341). 
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Table 36 APOE Haplotypes Test1 (CVL-1/2/3 vs CVL-4) 

 

 

test1 CVL4 vs CVL1/2/3 hap1 hap2 hap3 hap4

E3 E4 E2

1 2 3 4

APOE_T>C rs429358 T C T C

APOE_C>T rs7412 C C T T

afam control hap 115.0 31.0 18.0

control non-hap 49.0 133.0 146.0 82.0

case hap 101.9 33.0 17.1

case non-hap 50.1 119.0 134.9 76.0

ave freq 0.686 0.203 0.111

control freq 0.701 0.189 0.110

case freq 0.670 0.217 0.113

dif case-control -0.0310 0.0280 0.0030 0.0000

p 0.5518 0.5349 0.9324

2x2 chi 0.3540 0.3850 0.0070

perm-p 0.8533 0.9921 0.8420

white control hap 275.0 62.0 49.0

control non-hap 111.0 324.0 337.0 193.0

case hap 142.6 33.4 10.0

case non-hap 43.4 152.6 176.0 93.0

ave freq 0.730 0.167 0.103

control freq 0.712 0.161 0.127

case freq 0.767 0.179 0.054

dif control-case 0.0550 0.0180 -0.0730 0.0000

p 0.1699 0.5721 0.0070

2x2 chi 1.8840 0.3190 7.2660

perm-p 0.3705 0.8334 0.0216

hislat control hap 53.0 9.0 4.0

control non-hap 13.0 57.0 62.0 33.0

case hap 25.7 6.3 4.0

case non-hap 10.3 29.7 32.0 18.0

ave freq 0.771 0.150 0.078

control freq 0.803 0.136 0.061

case freq 0.713 0.176 0.111

dif control-case -0.0900 0.0400 0.0500 0.0000

p 0.3017 0.5950 0.3646

2x2 chi 1.0670 0.2830 0.8220

perm-p 0.5862 0.9074 0.7487
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Table 37 APOE Haplotypes Test2 (CVL-1/2 vs CVL-4) 

 

 

test2 CVL4 vs CVL1/2 hap1 hap2 hap3 hap4

E3 E4 E2

1 2 3 4

APOE_T>C rs429358 T C T C

APOE_C>T rs7412 C C T T

afam control hap 115.0 31.0 18.0

control non-hap 49.0 133.0 146.0 82.0

case hap 83.9 28.0 14.1

case non-hap 42.1 98.0 111.9 63.0

ave freq 0.686 0.203 0.111

control freq 0.701 0.189 0.110

case freq 0.666 0.222 0.112

dif case-control -0.0350 0.0330 0.0020 0.0000

p 0.5167 0.4864 0.9473

2x2 chi 0.4200 0.4850 0.0040

perm-p 0.8299 0.7990 1.0000

white control hap 275.0 62.0 49.0

control non-hap 111.0 324.0 337.0 193.0

case hap 114.0 30.0 6.0

case non-hap 36.0 120.0 144.0 75.0

ave freq 0.726 0.172 0.103

control freq 0.712 0.161 0.127

case freq 0.760 0.200 0.040

dif control-case 0.0480 0.0390 -0.0870 0.0000

p 0.2678 0.2777 0.0029

2x2 chi 1.2280 1.1780 8.8680

perm-p 0.5050 0.5381 0.0103

hislat control hap 53.0 9.0 4.0

control non-hap 13.0 57.0 62.0 33.0

case hap 25.7 6.3 4.0

case non-hap 10.3 29.7 32.0 18.0

ave freq 0.771 0.150 0.078

control freq 0.803 0.136 0.061

case freq 0.713 0.176 0.111

dif control-case -0.0900 0.0400 0.0500 0.0000

p 0.3017 0.5950 0.3646

2x2 chi 1.0670 0.2830 0.8220

perm-p 0.5855 0.9134 0.7498
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Table 38 APOE Haplotypes Test3 (CVL-1 vs CVL-4) 

 

 

test3 CVL4 vs CVL1 hap1 hap2 hap3 hap4

E3 E4 E2

1 2 3 4

APOE_T>C rs429358 T C T C

APOE_C>T rs7412 C C T T

afam control hap 115.0 31.0 18.0

control non-hap 49.0 133.0 146.0 82.0

case hap 57.0 17.0 8.0

case non-hap 25.0 65.0 74.0 41.0

ave freq 0.699 0.195 0.106

control freq 0.701 0.189 0.110

case freq 0.695 0.207 0.098

dif case-control -0.0060 0.0180 -0.0120 0.0000

p 0.9217 0.7329 0.7693

2x2 chi 0.0100 0.1160 0.0860

perm-p 1.0000 0.9580 0.9780

white control hap 275.0 62.0 49.0

control non-hap 111.0 324.0 337.0 193.0

case hap 72.0 17.0 5.0

case non-hap 22.0 77.0 89.0 47.0

ave freq 0.723 0.165 0.113

control freq 0.712 0.161 0.127

case freq 0.766 0.181 0.053

dif control-case 0.0540 0.0200 -0.0740 0.0000

p 0.2985 0.6353 0.0424

2x2 chi 1.0810 0.2250 4.1180

perm-p 0.5691 0.9177 0.1050

hislat control hap 53.0 9.0 4.0

control non-hap 13.0 57.0 62.0 33.0

case hap 13.6 6.4 2.0

case non-hap 8.4 15.6 20.0 11.0

ave freq 0.757 0.175 0.068

control freq 0.803 0.136 0.061

case freq 0.619 0.290 0.091

dif control-case -0.1840 0.1540 0.0300 0.0000

p 0.0818 0.1008 0.6253

2x2 chi 3.0280 2.6930 0.2380

perm-p 0.1596 0.1956 1.0000
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Figure 195 Linkage Disequilibrium (D’) for Two APOE SNPs in African American 

Test1 

 

 

Figure 196 Linkage Disequilibrium (R-squared) for Two APOE SNPs in African 

American Test1 
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Figure 197 Linkage Disequilibrium (D’) for Two APOE SNPs in White American 

Test1 

 

 

Figure 198 Linkage Disequilibrium (R-squared) for Two APOE SNPs in White 

American Test1 
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Figure 199 Linkage Disequilibrium (D’) for Two APOE SNPs in His/Lat American 

Test1 

 

 

Figure 200 Linkage Disequilibrium (R-squared) for Two APOE SNPs in His/Lat 

American Test1 
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1.23 Conclusions for AIM 2 

As a general summary for AIM 2 I conclude, TLR9 and IRF5 variants associated with 

HIV viremia levels in White Americans. Additionally, individuals infected with HIV should 

try to avoid chronic inflammation, which means avoiding other viral and bacteria 

coinfections, traumas, and other behaviors that promote a chronic inflammatory state. 

Furthermore, the magnitude of TLR9- and IRF5-dependant inflammatory responses 

during the acute phase of HIV infection may partially determine the viremia level of 

chronic infection (CVL classification). 

 

1.23.1 CCR5 Conclusions 

Conclusion 1 

CCR5 was not in linkage disequilibrium with TLR9, therefore the CCR5 and TLR9 loci 

can be treated independently 

 

Conclusion 2 

The CCR5 del32 allele associated with lower HIV viremia in African-Americans. This 

finding is reasonable. Individuals with a single copy of the del32 allele are partially 

protected from HIV infection, and would be expected to have lower viremia levels. This 

finding is also interesting, because del32 is usually absent in African populations, so this 

may be considered evidence of admixture 

 

Conclusion 3 

CCR5 del32 homozygotes were not found in the HIV cohorts. This was expected 

because having a single copy of the del32 allele reduces the risk of HIV infection, and 
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having 2 copies makes individuals highly resistant to infection. It follows that someone 

highly resistant to infection would never have been infected in the first place, nor made it 

into our HIV-infected cohort. 

 

Conclusion 3 

The frequencies of the CCR5 genotype in the HIV-1 cohort were published (Chapter 3: 

Prevalence of CXCR4 tropism among antiretroviral-treated HIV-1-infected patients with 

detectable viremia, page 345) [57]. 

 

1.23.2 TLR9 Conclusions 

Conclusion 1 

The minor alleles for two polymorphisms (TLR9 rs352140 G>A, rs352139G>A), and 

TLR9 haplotype 1 associated with higher HIV viremia, in White Americans. These are 

same markers have been previously associated with higher rates of CD4 positive T-cell 

loss, in a polulation of 12,000 HIV-infected Swiss [20]. In Swiss adults, the TLR9 

rs352140 A>G (p ≤ 0.0005) and the TLR9 rs352139 G>A allele s (p ≤ 0.0007) were 

significantly more frequent in a group of ‘rapid progressors’ as classified by measuring 

the loss of CD4+ T cells over time [20]. Moreover, TLR9 haplotype 1 (rs5743836 T>C, 

rs352139 G>A, rs352140 A>G) was also more frequent in the rapid progressors than in 

the controls (p ≤ 0.001). I conclude, TLR9 haplotype 1 is associated with both a higher 

level of HIV viremia (present study) and a more rapid loss of CD4+ T cells (previous 

study) in HIV-infected individuals Caucasians. 
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Conclusion 2 

This is an independent validation of the association between TLR9 and an HIV/AIDS 

phenotype. 

 

1.23.3 IRF5 Conclusions 

Conclusion 1 

IRF5 haplotype 2 associated with lower HIV viremia in White Americans. 

 

Conclusion 2 

IRF5 haplotypes 1 and 2 may have different associations to HIV viremia levels. 

Additionally, these haplotypes differ by an insertion/deletion polymorphism in exon 6, an 

indel that may cause the mature IRF5 protein to have, or to lack a 10 amino acid PEST 

domain. 

 

Conclusion 3 

The magnitude of an IRF5-mediated innate immune response, and inflammation, may 

determine the survival time during HIV infection. 

 

1.23.4 APOE Conclusions 

Conclusion 1 

The APOE epsilon 2 allele (E2) associated with higher viremia in White Americans. 
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Chapter 3: Prevalence of CXCR4 tropism among antiretroviral-treated HIV-1-

infected patients with detectable viremia 
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Chapter 4: Apolipoprotein A-V: a potential modulator of plasma triglyceride levels 

in Turks 
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Chapter 5: An interaction between the TaqIB polymorphism of cholesterol ester 

transfer protein and smoking is associated with changes in plasma high-density 

lipoprotein cholesterol levels in Turks 
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Chapter 6: Common polymorphisms of ATP binding cassette transporter A1, 

including a functional promoter polymorphism, associated with plasma high 

density lipoprotein cholesterol levels in Turks 
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Chapter 7: Low HDL-C: lessons learned from the Turkish Heart Study 
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Thesis Discussion 

Subject to the recommendation of my Thesis Committee, I believe that AIMS 1 and 2 

have been completed.  

 

1.23.5 Future Technology 

I’d like to share some thoughts about what I’ve learned during my graduate program. It is 

evident the future of statistical genetics and genomics will continue to favor high 

throughput methods that can survey hundreds of thousands, to millions of markers 

simultaneously. Within the next three years we expect to have more than a 1,000 human 

genomes resequenced, and genotyping individual genomes will become a 

commonplace, pay-for-service. So obviously, as the number of data sets continues to 

grow, our ability to interpret these data will require novel computational methods. We 

need to ask ourselves the question: 

 

What tools will predict the biological mechanism for the tens of thousands of 

associations that will be found? 

 

I argue Delta-MATCH is a good example of a tool that can do this, at least for 

transcription factor binding. Interestingly, Delta-MATCH may be more relevant today 

than it was when I started the project. I think unlike many tools, the strength of Delta-

MATCH is that it is extensible, and might endure the test of time because it is relatively 

easy to integrate additional data to its core.  

 

Perhaps one of the most important things that I’ve learned during my graduate studies is 

how much time it takes to coordinate the collection of a large biological cohort, and how 
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quickly technologies become outdated. For example in just the course of the three years 

it took to collect these HIV samples, our lab progressed through using three separate 

genotyping platforms, HPLC, RFLP and TaqMan. Using these platforms I was only able 

to genotype dozens of SNPs, in a handful of candidate genes.  

 

1.23.6 Controlling for Ethnicity 

It should be emphasized a proper study design must require enough samples to have 

enough power to make a statistical conclusion. The study design of AIM 2 was initially 

flawed because although it appeared in the preliminary survey of TLR9 genotyping that 

the rs5743836 T>C minor (C) allele was enriched in the elite controllers (CVL-1), when 

compared to the noncontrollers (CVL-4), it was found that the elite controller group was 

enriched with a disproportionate amount of African-Americans. So an observation that 

appeared as a correlation to an HIV viremia phenotype was intrinsically confounded by 

an ethnicity-specific genotype frequency.  

 

This design flaw was hard to avoid because I had little control over how many of 

individuals of each ethnicity were recruited into each CVL classification group. Part of 

the problem was that I wasn’t provided, or didn’t demand the gender and ethnicity of 

many of the blood samples before they were genotyped. This had the benefit of keeping 

the samples in a randomized order and blinded me from having a handling bias, but was 

harmful in that it resulted in me genotyping a much larger number of samples than were 

statistically compared in the final analyses. This ultimately wasted a lot of time, effort and 

money. For example, although over one hundred HIV-infected individuals from Brazil 

were genotyped for TLR9 and CCR5, the samples could not be properly analyzed 

because of the inability to control for the high frequency of ethnic admixture that is 
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intrinsic to the Brazilian population. Moreover, an entire subset of hislat individuals were 

probably genotyped without sufficient power to detect a significant association because 

their total numbers were low. 

 

Why were there so many African-American controllers in this cohort? It could be 

because afam individuals have a genetic predisposition that protects them against viral 

replication similar to how the CCR5 del32 allele protects whites from HIV infection. Or, it 

may be that there were recruitment biases that targeted the afam population. What can 

be said is that when studying a genetic locus that is known to have strong ethnicity-

specific polymorphism frequencies, care should be taken to control for ethnicity as best 

as possible during sample collection. Perhaps in the future, as we better define sets of 

ancestry informative markers, it will be possible to control for ethnicity not just globally 

across the genome, but locally with a resolution at the level of the gene haplotype. It 

appears there are groups achieving this computational goal, and it will soon be possible 

to study the genetic differences in a case and control study design between groups of 

admixed populations. This would create the benefit of allowing statisticians to use all of 

the samples in a cohort regardless of ethnicity, ultimately providing the clinicians more 

power to detect an association per recruitment effort.  

 

1.23.7 Studying Rare Phenotypes 

Another major contribution to why this project was inherently difficult to conclude was 

because the phenotype of the case group was exceedingly rare. It is estimated that less 

than 1 % of the HIV-infected population can be categorized as true elite controllers. This 

means that in order to collect 47 white elite controllers in group 1, there may have been 

close to  4,700 HIV-infected people screened. Even if this rareness is underestimated, it 
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follows that studying any rare phenotype will require a massive clinical recruitment effort 

that may require the contribution of collaborators, which always requires a lot of time. 

 

If I were to restart the genotyping project again today with the DNA samples in hand, I 

would probably favor conducting a genome wide association study using an Affymetrix, 

or Illumina SNP chip. As is expected, this approach is being pursued by one of my 

collaborators (Bruce Walker), with many of the same biological samples that have been 

contributed to my cohort.  

 

1.23.8 Transitioning 

The database and freezer stock of biological samples from the HIV-1 investigation have 

been passed back to members of the McCune lab, and of my genotyping notebooks will 

be provided. The data for the genetic investigation of CCR5, TLR9, and IRF5, are being 

consolidated for publication, but the data for the survey of APOE will not be published. 

 

A manuscript announcing the Delta-MATCH database will soon be submitted. Once 

published, the Delta-MATCH website will be opened to the public, and its source code 

will be open sourced. Katie Pollard and Francois Guillemot are investigating the 

NEUROG2/PAX6 interaction in HAR152 in the United Kingdom. I hope in the future, the 

Delta-MATCH query tool will continue to be optimized so its derived list of candidate 

SNPs may be validated through collaborations using high-throughput genotyping 

technologies (Affymetrix, Illumina, etc.). 

 

I conclude, it will be the challenge of the future, to build hypothesis-generating tools like 

Delta-MATCH that integrate useful orthogonal data sets and can predict the biological 
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mechanism of human diseases, so that these predictions may be validated by the 

molecular biologists. 
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Appendices 

1.24 AIM 1 Extras (Delta-MATCH) 

 

Figure 201 The BIOBASE MATCH Program Version 10.2  
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 Figure 202 How to Calculate a MATCH Score [1] 
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Figure 203 MATCH Score Calculation [1] 
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Table 39 Delta-MATCH Tissue Types. 

 

Table 40 NF-kB TFBS Matrixes Used by Delta-MATCH 

 

 

Table 41 Distribution of Potential Scores (dif_z) for NF-kB TFBS Matrixes 

 

Tissue

1 Adipocyte Specific

2 Liver Specific

3 Immune Cell Specific

4 Lung Specific

5 Muscle Specific

6 Nerve Cell Specific

7 Pituitary Specific

8 Pancreatic Beta Cell Specific

9 Cell Cycle Specific

10 Glioma

TFBS matrix 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

V$NFKAPPAB50_01 4547844 0 0 0 0 0 0 0 0 0 0

V$NFKAPPAB65_01 4547677 167 167 167 167 167 167 167 167 167 167

V$NFKB_C 4547761 63 48 48 48 48 48 46 33 13 13

V$NFKAPPAB_01 4547339 505 505 361 361 220 212 212 153 153 153

V$NFKB_Q6_01 4523684 9753 8889 6115 4746 1843 776 597 352 323 0

V$NFKB_Q6 4546894 676 671 409 333 179 72 71 61 61 7

factor mat_id matrix_length FP

1  NF-kappaB V$NFKAPPAB50_01 10 1.000

2  NF-kappaB V$NFKAPPAB65_01 10 0.991

3  NF-kappaB V$NFKAPPAB_01 10 0.984

4  NF-kappaB V$NFKB_C 12 0.988

5  NF-kappaB V$NFKB_Q6 14 0.955

6  NF-kappaB V$NFKB_Q6_01 16 0.876
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Table 42 List of 351 Transcription Factors 

 

Table 43 List of 584 Matrix Names 

(see file “550_matrixes.txt” at the Delta-MATCH > Downloads web page) 

http://dingo.ucsf.edu/~dwilliamson/scripts/delta_match/acc_files/550_matrixes.txt 

 

 

1 ACAAT 76 C_EBP 151 HIF-1 226 NGFI-C 301 Staf

2 AFP1 77 D-Type 152 HLF 227 Nkx2-2 302 STAT

3 AhR 78 DBP 153 HMG 228 Nkx2-5 303 STAT1

4 AhR:Arnt 79 DEAF1 154 HMGIY 229 NKX25 304 STAT3

5 AHRHIF 80 DEC 155 Hmx3 230 NKX3A 305 STAT5A

6 AIRE 81 deltaEF1 156 HNF-1 231 NKX6-1 306 STAT5B

7 alpha-CP1 82 E12 157 HNF-3 232 Nkx6-2 307 STATx

8 Alx-4 83 E2 158 HNF-3alpha 233 Nrf-1 308 Stra13

9 aMEF-2 84 E2A 159 HNF-3beta 234 NRF-2 309 TAL1
10 AML 85 E2F 160 HNF-4 235 Nrf2 310 TATA

11 AML-1a 86 E2F-1 161 HNF-4alpha 236 NRSF 311 Tax/CREB

12 AML1 87 E2F-1:DP-1 162 HNF-4alpha1 237 Oct-1 312 TBP

13 AP-1 88 E2F-1:DP-2 163 HNF-6 238 OCT-x 313 TBX5

14 AP-2 89 E2F-4:DP-1 164 HNF1 239 Octamer 314 TCF-4

15 AP-2alpha 90 E2F-4:DP-2 165 HNF3 240 Olf-1 315 TCF11

16 AP-2alphaA 91 E47 166 HNF4 241 Osf2 316 TCF11:MafG

17 AP-2gamma 92 E4BP4 167 Hox-1.3 242 p300 317 TEF

18 AP-2rep 93 E4F1 168 HOXA3 243 p53 318 TEF-1

19 AP-3 94 EBF 169 HOXA4 244 Pax 319 Tel-2

20 AP-4 95 Ebox 170 HSF 245 Pax-1 320 TFE
21 APOLYA 96 EGR 171 HSF1 246 Pax-2 321 TFII-I

22 AR 97 Egr-1 172 HSF2 247 Pax-3 322 TFIIA

23 AREB6 98 Egr-2 173 HTF 248 Pax-4 323 TGIF

24 Arnt 99 Egr-3 174 ICSBP 249 Pax-5 324 Tst-1

25 ARP-1 100 ELF-1 175 Ik-1 250 Pax-6 325 TTF-1

26 ATATA 101 Elk-1 176 Ik-2 251 Pax-8 326 TTF1

27 ATF 102 En-1 177 Ik-3 252 Pax-9 327 UF1H3BETA

28 ATF-1 103 ER 178 IPF1 253 PAX6 328 USF
29 ATF3 104 ETF 179 IRF 254 PBX 329 USF2

30 ATF4 105 ETS 180 IRF-1 255 Pbx-1 330 v-ErbA

31 ATF6 106 Evi-1 181 IRF-2 256 PBX1 331 v-Jun

32 Bach1 107 FAC1 182 IRF-7 257 Pbx1b 332 v-Maf

33 Bach2 108 FOX 183 IRF1 258 PEA3 333 v-Myb

34 Barbie 109 FOXD3 184 ISRE 259 PEBP 334 VBP

35 Bel-1 110 FOXJ2 185 KROX 260 Pit-1 335 VDR

36 BLIMP1 111 FOXM1 186 LBP-1 261 PITX2 336 VDR,

37 Brachyury 112 FOXO1 187 LEF1 262 PLZF 337 Whn

38 BRCA1 113 FOXO3 188 LEF1TCF1 263 Poly 338 XBP-1

39 Brn-2 114 FOXO4 189 Lentiviral 264 POU1F1 339 XFD-1

40 c-Ets-1 115 FOXP1 190 LF-A1 265 POU3F2 340 XFD-2

41 c-Ets-1(p54) 116 FOXP3 191 Lhx3 266 POU6F1 341 XFD-3

42 c-Ets-2 117 Freac-2 192 Lmo2 267 PPAR 342 XPF-1

43 c-Maf 118 Freac-3 193 LRF 268 PPAR, 343 Xvent-1

44 c-Myb 119 Freac-4 194 LUN-1 269 PPARalpha:RXR-alpha 344 YY1
45 c-Myc:Max 120 Freac-7 195 LXR 270 PPARG 345 Zec

46 c-Rel 121 FXR 196 LXR, 271 PR 346 ZF5

47 C/EBP 122 FXR/RXR-alpha 197 Lyf-1 272 PTF1-beta 347 Zic1

48 C/EBPalpha 123 GABP 198 MAF 273 PU.1 348 Zic2

49 C/EBPbeta 124 GATA 199 Max 274 R 349 Zic3

50 C/EBPdelta 125 GATA-1 200 MAZ 275 Rb:E2F-1:DP-1 350 ZID

51 C/EBPgamma 126 GATA-2 201 MAZR 276 Retroviral 351 Zta

52 cap 127 GATA-3 202 MEF-2 277 RFX

53 Cart-1 128 GATA-4 203 MEF-3 278 RFX1

54 CBF 129 GATA-6 204 MEIS1 279 Roaz

55 CCAAT 130 GATA-X 205 MIF-1 280 RORalpha1

56 Cdc5 131 GC 206 MOVO-B 281 RORalpha2

57 CDP 132 GCM 207 MRF-2 282 RP58

58 CDX 133 GCNF 208 Msx-1 283 RREB-1

59 Cdx-2 134 GEN_INI 209 MTF-1 284 RSRFC4

60 CdxA 135 Gfi-1 210 Muscle 285 S8

61 CHOP:C/EBPalpha 136 GFI1 211 MYB 286 SEF-1

62 Churchill 137 GFI1B 212 Myc 287 SF-1

63 CHX10 138 GLI 213 MyoD 288 SMAD

64 CIZ 139 GR 214 myogenin 289 SMAD-3

65 Clox 140 GZF1 215 MZF1 290 SMAD-4
66 COMP1 141 Hand1:E47 216 N-Myc 291 SOX

67 COUP 142 HEB 217 Ncx 292 Sox-5

68 COUP-TF, 143 Helios 218 NERF1a 293 SOX-9

69 COUPTF 144 HEN1 219 neural-restr.-silencer-element 294 Sp1

70 CP2 145 HES1 220 NF-1 295 Sp3

71 CP2/LBP-1c/LSF 146 HFH-1 221 NF-AT 296 Spz1

72 CRE-BP1 147 HFH-3 222 NF-E2 297 SREBP

73 CREB 148 HFH-4 223 NF-kappaB 298 SREBP-1

74 CREBATF 149 HFH-8 224 NF-muE1 299 SRF

75 Crx 150 HIC1 225 NF-Y 300 SRY
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Table 44 Distribution of Polymorphisms in the human genome (hg18.snp126) 

 

 

Polmorphism Position Count

total in hg18.snp126 11647909

10kb_up 647311

10kb_down 648916

5’UTR 16376

3’UTR 84503

exons 212764

introns 3415853

conserved 397802

cpgislands 88432

regpotential 5356000

insertion/deletions 2204226

simplerepeats 571302

repeatmasker 5280806

microsattelite 46995

nonbinary 72334

mapped to 2 or more positions 305668
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Figure 204 Architectural Diagram for the Delta-MATCH Query Tool (DMQT) 

 

Delta-Match Architecture

webserver

cgi-bin

MySQL

web browser

Databases
local computer

internet

 

 

 



 

 408 

 

1.24.1 Delta-MATCH MYSQL Databases and Tables 

If you want to see the details of the embedded Delta-MATCH XML tags, download the 

following file: 

 DM_MYSQL_databases.pdf 

 

1.24.2 The Delta-MATCH XML DTD 

If you want to see the details of the embedded Delta-MATCH XML tags, download the 

following file: 

http://dingo.ucsf.edu/~dwilliamson/scripts/delta_match/dm_result.dtd 

 

1.24.3 List of Delta-MATCH Errors 

The Delta-MATCH Query Tool will return a number of error messages to the browser. 

Errors are returned in the order they are found. 

 

• Error 1 - no matrixes passed your selected criteria 

• Error 2 - more than 1,500 rsnumbers passed your selected criteria 

• Error 3 - no rsnumbers were found that passed your selected criteria 

• Error 4 - no rsnumbers were found in the select gene names 

• Error 5 - could not connect to database 

• Error 6 - more than 5 gene names were submitted 

• Error 7 - no gene names were found 

• Error 8 - rsnumber file was not uploaded properly 

• Error 9 - no premod modules were found 
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Figure 205 Delta-MATCH Error 1 - no matrixes passed your selected criteria 

This error states “no matrixes passed your combined selected criteria”. In example 4, 

there was an internal conflict between the matrix name selected in STEP 1 

(V$NFKB_Q6) and the “Matrix Quality” type (qual = “low”) because V$NFKB_Q6 is 

actually a “high quality” matrix. The quality of this matrix name (mat_id) can be verified 

by viewing the “550_matrixes.txt” file and noting the number “1” in the column “quality” 

next to the V$NFKB_Q6 mat_id. The warning suggests trying to adjust a number of 

parameters that will eliminate the conflict including changing or unchecking the matrix 

quality box, or changing the matrix length sub-selected under “Show Matrix Details” box.  

 

 

Figure 206 Delta-MATCH Error 2- more than 1,500 rsnumbers passed your 

selected criteria 

A maximum of 1,500 rsnumbers will be returned per query. If you receive have 

reached the 1,500 limit, you will receive a warning and may want to resubmit your query 

using a more stringent set of criteria. The matrix names (mat_id) are searched in 

alphabetical order. Therefore if you have receive a warning after submitting a search that 

included more than one matrix, it is likely your results do not include all of the important 
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Delta-MATCH predictions for every matrix submitted. You may also consider breaking 

your job down into smaller tasks. 

 

 

Figure 207 Delta-MATCH Error 3 - no rsnumbers were found that passed your 

selected criteria 

If no rsnumbers passed the cumulative selected criteria you will receive Error. Consider 

decreasing the stringency of the query and try again. Error 3 is returned in Example 6 

because there were no biologically relevant polymorphisms identified for the specified 

TFBS matrix [V$ACAAT_B (0)]. 
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Figure 208 Delta-MATCH Error 4- no rsnumbers were found in the select gene 

names 

Error 4 may be returned when no rsnumbers are found because either the gene names 

were not found, or if there were truly no polymorphisms found in the associated gene 

windows prior to testing any of the other input criteria. 

 

 

Figure 209 Delta-MATCH Error 5 - could not connect to database 

You may receive Error 5 if the webserver hosting the Delta-MATCH Query Tool is 

unable to connect to the computer hosting the Delta-MATCH MySQL database. This 

error might occur during a system update or power failure. Please be patient and try 

again. If the problem persists, please contact the author. 
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Figure 210 Delta-MATCH Error 6 - more than 5 gene names were submitted 

Error 6 will be returned to the browser more than the maximum allowable number of 

gene names have been submitted. This warning is not critical. 

 

 

Figure 211 Delta-MATCH Error 7 - no gene names were found 

There were no GENE NAMES matching the 'UCSC hg18 Table Name' 'Field Name' pair 

found. You may consider downloading the help file that is in the 'Search By Gene Name' 

section to see some example database table name / field name combinations that work. 
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Figure 212 Delta-MATCH Error 8 - rsnumber file was not uploaded properly 

 

Figure 213 Delta-MATCH Error 9 - no premod modules were found 
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Figure 214 Delta-MATCH Graphic Motif 

 

 

Figure 215 Delta-MATCH Resources (Graphics) 
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AIM 2 Extras (A Genetic Survey) 

 

Figure 216 Haploview Linkage Disequilibrium Legend 

(http://www.broad.mit.edu/mpg/haploview/haploview_doc.pdf excerpts, page 3) 

 

 

 

 

Figure 217 The DNA Degenerate Alphabet 
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1.25 Other Software by David W. Williamson 

 

1.25.1 What Color Eyes Would Your Children Have? (flash) 

Flash version (hosted at TheTech) 

http://museum.thetech.org/ugenetics/eyeCalc/eyecalculator.html 

 

1.25.2 What Color Eyes Would Your Children Have? (html) 

Simple html Version 

http://127.0.0.1/~david/scripts/Eye_Calculator_Radio/Eye_Calculator_Radio.html 

 

1.25.3 SNP Enzyme Finder 

http://127.0.0.1/~david/scripts/SNP_Enzyme_Finder/SNP_Enzyme_Finder.html 

 

1.25.4 Haplotype Mapper 

http://127.0.0.1/~david/scripts/Haplotype_Mapper/Haplotype_Mapper.html 

 



 

 417 

Figure 218 David W. Williamson’s Contact and Business Card 
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1.26 Ph.D. Thesis Defense (February 06, 2008) 

1.26.1 Seminar Announcement 
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Figure 219 Joseph “Mike” McCune, Bruce Conklin, David Williamson, Robert 

Mahley  

 

 

February 06, 2008 
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