COMPUTATIONAL GENOMICS BaBrnoBcKuUi XXypHan reHeTUKM 1 cenekumm. 2023;27(7):728-736

Original article DOI 10.18699/VJGB-23-85

Original Russian text https://vavilovj-icg.ru/

Human SNP TATAdb: a database of SNPs that statistically
significantly change the affinity of the TATA-binding protein
to human gene promoters: genome-wide analysis and use cases

S.V. Filonov! 2, N.L. Podkolodnyyl' 3@, O.A. Podkolodnayal, N.N. Tverdokhleb!, P.M. Ponomarenko?l,
D.A. Rasskazov!, A.G. Bogomolovl, M.P. Ponomarenko!

Tnstitute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

2 Novosibirsk State University, Novosibirsk, Russia

3 |nstitute of Computational Mathematics and Mathematical Geophysics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia
® pnl@bionet.nsc.ru

Abstract. It was previously shown that the expression levels of human genes positively correlate with TBP affinity
for the promoters of these genes. In turn, single nucleotide polymorphisms (SNPs) in human gene promoters can
affect TBP affinity for DNA and, as a consequence, gene expression. The Institute of Cytology and Genetics SB RAS
(ICG) has developed a method for predicting TBP affinity for gene promoters based on a three-step binding mecha-
nism: (1) TBP slides along DNA, (2) TBP stops at the binding site, and (3) the TBP-promoter complex is fixed due to
DNA helix bending. The method showed a high correlation of theoretical predictions with measured values during
repeated experimental testing by independent groups of researchers. This model served as a base for other ICG web
services, SNP_TATA_Z-tester and SNP_TATA_Comparator, which make a statistical assessment of the SNP-induced
change in the affinity of TBP binding to the human gene promoter and help predict changes in expression that may
be associated with a genetic predisposition to diseases or phenotypic features of the organism. In this work, we
integrated into a single database information about SNPs in human gene promoters obtained by automatic extrac-
tion from various heterogeneous data sources, as well as the estimates of TBP affinity for the promoter obtained
using the three-step binding model and predicting their effect on gene expression for wild-type promoters and
promoters with SNPs. We have shown that Human_SNP_TATAdb can be used for annotation and identification of
candidate SNP markers of diseases. The results of a genome-wide data analysis are presented, including the distri-
bution of genes with respect to the number of transcripts, the distribution of SNPs affecting TBP-DNA affinity with
respect to positions within promoters, as well as patterns linking TBP affinity for the promoter, the specificity of the
TBP binding site for the promoter and other characteristics of promoters. The results of the genome-wide analysis
showed that the affinity of TBP for the promoter and the specificity of its binding site are statistically related to other
characteristics of promoters important for the functional classification of promoters and the study of the features of
differential gene expression.
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AHHoOTaLusA. PaHee 6bIf0 NOKa3aHO, YTO YPOBEHb IKCMPECCMU FEHOB YenoBeKa NOSIOKUTENIbHO KoppenupyeT ¢ apduH-
HocTbto TBP K npomMoTopam 3Tux reHoB. B cBot ouepefb, ofHOHYKNeoTuaHble nonnmopdursmbl (SNP) B npomoTopax
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Human_SNP_TATAdb - 6a3a gaHHbIx 0 SNP,
n3meHsWnx cpoacteo TATA-cBA3bIBatoLero 6enka

reHoB YenoBeka MOryT BAuATb Ha apdrHHOCTb Benka TBP kK OHK u, Kak cnepcTeue, Ha aKkcnpeccuio reHos. B ULnI
CO PAH pa3pabotaH meTop npefckasaHua adPprHHocTM TBP K IpOMOTOpaM reHOB Ha OCHOBE TPEXLLAroBOro MexaHms-
Ma CBA3bIBaHUSA, BKNoYatollero ckonbxxeHne TBP no HK, octaHoBKy TBP B MmecTe cBA3bIBaHMA, GrKcaLmio Komniekca
TBP-npomoTop 3a cueT nsrmnba cnupanv AHK. MeToa nokasan BbICOKY KOppenALumMio TeOpeTUYeCcKUX NpeackasaHmi
C VI3MEPEHHbIMW 3HAYEHNAMW NPV MHOTOKPATHOW 3KCMeprMeHTaNbHOWN NPoBepKe He3aBUCMMbIMU rpymnnaMmn ncce-
pnosatenei. Ha ocHose 3tont mogenu B ULl CO PAH paHee 6binv pa3paboTtaHbl Be6-cepsucbl SNP_TATA_Z-tester n
SNP_TATA_Comparator, no3BonstoLwmne BblYNCIATb CTaTUCTUYECKYIO OLeHKY Bbi3BaHHOTO SNP n3meHeHna adpdrHHOCTU
cBA3bIBaHNA TBP ¢ npOMOTOPOM reHa YenioBeKa 1 NPOrHO3MpPOoBaTh U3MEHEHE SKCMPECCUI, KOTOpble MOTYT ObITb CBS-
3aHbl C reHeTMYEeCKOW NPeAPacnoNOXeHHOCTbIO K 3a601eBaHNAM U GeHOTUMMYECKUMM OCOOEHHOCTAMI OpraH/3ma.
B HacToALen paboTe npoBefeHa NHTErpaunsa B eAnHON 6ase aaHHbIX MHGOpMaLUy 06 O4HOHYKNEOTUAHBIX NOANMOP-
¢$u3mMax B NPOMOTOpPax reHOB YesloBeKa, NONyYeHHON NMyTemM aBTOMaTUUYECKON SKCTPaKLUMM U3 Pas3fINYHbIX reTeporeH-
HbIX MICTOYHUKOB [JaHHbIX, @ TaKXXe pe3yNbTaToB oueHKM adPprHHOCTM TBP K MpomMoTOpy C MCNONb30BaHNEM TpeXLIaro-
BOV MOAENV CBA3bIBAHNA 1 OLEHKM VX BIMAHNA Ha SKCMPECCUio reHOB AJ1A NPOMOTOPOB ANKOrO TUMa U NPOMOTOPOB C
OOHOHYKNEeoTUAHbIM NnonnmopduraMom. MokaszaHa BO3MOXKHOCTb M1CMob3oBaHNA 6a3bl AaHHbIX Human_SNP_TATAdb
ANA aHHOTaUMK 1 BblABNeHNA KaHanaaTHbix SNP-mapkepoB 3aboneBaHuii. MpeactaBneHbl pesynbTaTbl MOHOTEHOM-
HOrO aHann3a AaHHbIX, BKoYaa 0COBeHHOCTY pacnpeieneHnsa reHoB Nno Koan4yecTy TPaHCKPUMNTOB, pacnpefeneHme
SNP, Bnustowmx Ha adpduHHOCTb TBP K IHK no no3uumam BHyTpy NPOMOTOPOB, @ Tak»Ke 3aKOHOMEPHOCTU, CBA3bIBato-
wne mexgy coboit addprHHocTb TBP K npomoTopy, cneundunyHocTb cainta ceasbiBaHUA TBP ¢ npoMoTopom v apyrve
XapaKkTepUCTUKN MPOMOTOPOB. Pe3ynbTaTbl MOIHOrEHOMHOIO aHanm3a nokasanu, 4to apduHHocTb TBP K npomoTopy
1 cneyndrYHOCTb ero caita CBA3bIBaHNA CTAaTUCTMYECKMN CBA3aHbI C APYrMMY XapakTepuUCTUKamuy NpoMOTOPOB, BaX-
HbIMU AnA GYHKLMOHANbHOW KnaccudrKaLlmm NpoMOTOPOB 1 UCCNIeA0BaHNA 0CO6eHHOCTel fAuddepeHLanbHO SKC-
npeccun reHoB..

KnioueBble cnoBa: TATA-60KC; adpdUHHOCTL; TBP; 0HOHYKNEOTUAHbIV nonnmopdram; 6a3a AaHHbIX; NOJHOreHOMHbI
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Introduction

The development of methods for predicting the effect
of mutations on the level of gene expression for various
organisms is important for solving many problems in the field
of biotechnology, plant breeding, medicine, etc. Mutations
in the human genome can be associated with a variety of
physiological characteristics and diseases, and knowledge of
their presence and cause is certainly necessary for the actively
developing approach of personalized medicine.

The most common type of mutation in the human genome
is SNP (Single Nucleotide Polymorphism), which is a single
nucleotide difference in the DNA sequence. SNPs can be
localized in different functional regions of the genome,
which determines the nature of their influence. Mutations
in the coding regions of the gene are the most studied; they
directly affect the structure of the transcribed mRNA and,
consequently, the synthesized protein. However, genome-wide
association studies (GWAS) have shown that most SNPs that
are significantly associated with disease susceptibility are
located in non-coding regions (Hindorff et al., 2009; French
and Edwards, 2020; Chandra et al., 2021), and more than 90
% of them are located in regulatory elements (Maurano et
al.,2012). At the moment, one of the most studied regulatory
regions is the TATA box region in the promoter, the sequence
of which determines the affinity of the TBP protein (TATA
binding protein), which is a key transcription initiation factor.
Mutations in this region can affect the binding of the TBP
protein to the promoter and, consequently, gene expression
(Savinkova et al., 2007).

Previously, at the Institute of Cytology and Genetics
SB RAS, a method for predicting the affinity of TBP for
gene promoters based on a three-step binding mechanism

was developed (Ponomarenko et al., 2008). The method
showed a high correlation of theoretical predictions with
experimentally measured affinity values when tested multiple
times by independent groups of researchers (Delgadillo et
al., 2009; Savinkova et al., 2013; Oshchepkov et al., 2022).
Based on this model, the Institute of Cytology and Genetics
SB RAS developed the SNP TATA Z-tester web service
(Rasskazov et al., 2013), which allows one to calculate a
statistical assessment of the SNP-induced change in the
binding affinity of TBP for the human gene promoter and
predict changes in expression. Using this web service, we
previously identified candidate SNP markers for autoimmune
diseases (Ponomarenko et al., 2016a), behavioral disorders
(Chadaeva et al., 2016), chronopathologies (Ponomarenko et
al., 2016b) and other diseases.

In this work, we integrated into a database information
about SNPs in human gene promoters, obtained by automatic
extraction from various heterogeneous data sources, as well
as the results of assessing the affinity of TBP for the promoter
and the specificity of the TBP binding site using a three-step
binding model and assessing their effect on gene expression
for the reference genome promoters and promoters with SNPs.

The main use of the Human SNP_ TATAdb database is
the annotation of promoters and genes in order to identify
candidate SNP markers of diseases. Considering that quite a
lot of research that includes this kind of annotation has already
been carried out, we present one of the options as an example.

This article presents the results of a genome-wide data
analysis, including features of the distribution of genes by the
number of transcripts, the distribution of SNPs affecting the
affinity of TBP for DNA by positions within promoters. The
article also presents patterns connecting the affinity of TBP
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Fig. 1. Data flow diagram for initializing the Human_SNP_TATAdb database.

for the promoter, the specificity of the binding site of TBP for
the promoter, and other characteristics of promoters that are
important for the functional classification of promoters and
the study of features of differential gene expression.

Materials and methods

Below, we present a data flow diagram for data integration and

database initialization (Fig. 1). Further, all stages of work are

described in more detail. Data on genes and their attributes,
transcription starts and transcripts were obtained from the

Ensembl web service (Birney et al., 2004). To access the

services and databases used in the work, the Bioconductor

library of the R language was used, with the following
packages:

1. biomaRt! is a package that provides an interface to the
ENSEMBL collection of databases, allowing large volumes
of data to be retrieved in a unified way and used in data
analysis in Bioconductor.

2. BSgenome.Hsapiens. NCBI.GRCh38? is a package that
provides access to the Homo sapiens (Human) genome
sequence provided by NCBI (GRCh38.p13).

3. SNPlocs.Hsapiens.dbSNP155.GRCh383 is a dbSNP 155
access package including information on 949,021,448 SNPs
in chromosomes 1-22, X, Y and MT that was extracted
from RefSNP JSON files.

To identify the start of transcription, it is necessary to use
transcripts with high-quality annotation that includes this in-
formation and for which there is evidence of their biological
relevance. When annotating transcripts in Ensembl, special
tags identify the highest quality annotated transcripts. We
included in the database only those transcripts, the annota-
tion quality of which corresponds to the “GENCODE Basic”
label*. According to the specification, the Enseml GENCODE
Basic set contains at least one transcript for each gene in the

1 https://bioconductor.org/packages/release/bioc/html/biomaRt.html

2 https://bioconductor.org/packages/release/data/annotation/html/
BSgenome.Hsapiens.NCBI.GRCh38.html

3 https://bioconductor.org/packages/release/data/annotation/html/SNPlocs.
Hsapiens.dbSNP155.GRCh38.html

4 https://www.ensembl.org/info/genome/genebuild/transcript_quality_tags.
html
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GENCODE genetic set, regardless of biotype, i.e. each gene
is represented in the core GENCODE set. For protein-coding
genes, only full-length protein-coding transcripts are included
in the core GENCODE set.

For the specified transcription start coordinates, the coordi-
nates and nucleotide sequences of the corresponding promoter
are determined ([-90; —1] from the transcription start). We
obtained SNP data using the dbSNP database’ (Sherry et al.,
2001). For each promoter, SNPs located within [-90; —1]
from the start of transcription were identified. Minor promoter
sequence variants were created automatically by adding cor-
responding nucleotide substitutions from the dbSNP database
(issue 155) to the major sequence variants.

The Bucher weight matrix (Bucher, 1990) was used to
identify TATA-containing promoters.

The affinity of TBP for DNA was calculated using a three-
step binding model previously developed at the Institute
of Cytology and Genetics SB RAS (Ponomarenko et al.,
2008) and a multi-threaded high-performance version of the
SNP_TATA Z-tester program also implemented by us. This
program also allows you to evaluate the statistical significance
of changes in the affinity of the TBP protein for the promoter
due to point nucleotide substitutions (SNPs) in the promoter
using a z-test.

The affinity of TBP is described by the association constant
of'the TBP/DNA complex. However, at present, instead of the
association constant, the inverse measure is usually used — the
dissociation constant K. In this case, the affinity of TBP for
DNA, measured in nanomoles per liter (nM/L), will be equal
to A = 10%/Ky. The lower the Kd, the higher the affinity of
TBP for the promoter and the stronger the interaction of TBP
with the promoter.

The second option presented in the database is the logarith-
mic form of affinity o= 9*In(10) — In(Ky), which is convenient
for comparing TBP affinity to the promoter, since it has a
distribution close to normal. As o increases, the affinity of
TBP for the promoter and the strength of their interaction
increase.

5 https://www.ncbi.nlm.nih.gov/snp/
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We performed affinity calculations for reference DNA
sequences of all promoters and minor sequence variants of
these promoters with one single nucleotide polymorphism.
For each minor sequence, we assessed the deviation of TBP
affinity for the promoter from the affinity obtained for the
promoter DNA sequence from the reference genome. At the
same time, the level of statistical significance of these changes
was determined.

It was previously shown that the affinity of TBP for the
promoter is statistically significantly correlated with the level
of expression of the corresponding transcript (Mogno et al.,
2010). Therefore, with a statistically significant increase or
decrease in TBP affinity, an estimate of the corresponding
change in the level of transcript expression is indicated in
the database.

Based on the estimates of TBP protein-promoter affinity,
we introduced additional characteristics, such as TBP
protein-promoter binding site specificity, which are useful for
promoter classification and biological annotation of groups
of promoters or genes.

The specificity of the binding site of TBP for the gene
promoter corresponds to the maximum normalized affinity of
TBP for the gene promoter relative to the average affinity of
TBP for each position of the sliding window (Ponomarenko
et al., 2015), not including 10 positions closest to the start of
transcription (55 values in total). Specificity Z was calculated

as follows:
Olmax — O 1 55 _
Z= ma();a 5 Og = g z‘41 ((Xi - (1,) ’

where o is the assessment of the affinity of TBP to the pro-
moter at position i, a is the average value of a;, o, is the
unbiased estimate of standard deviation o, Z is the specificity
of the TBP protein binding site for the promoter.

Another important indicator describing the change in the
affinity of TBP for the promoter caused by SNP is the natural
logarithm of the K ratio for the reference (wt) and minor (mt)
alleles of the SNP in question, which is calculated as follows:

ksnp =1In (Kd, wt/Kd, mt)-

Positive or negative ks, values indicate that gene expression
for the minor allele is, respectively, higher or lower than
for the reference variant. This score was used to identify
candidate SNP markers that may be associated with genetic
susceptibility to diseases; in particular, we made predictions
that are consistent with clinical evidence of underexpression
of'this gene in patients with variable immunodeficiency, stroke
and preeclampsia (Ponomarenko et al., 2017).

Results and discussion

Database
The Human SNP TATAdb database has been developed,
its logical diagram is presented in Fig. 2. The database was
populated in accordance with the data integration and database
initialization scenario presented in Fig. 1.

The database is implemented on the basis of the MySQL
DBMS® version 8.0 and includes 6 main tables (chromosomes,
genes, transcripts, snps, promoters, promoters_has_snps),

6 https://www.mysql.com/
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10 uxiliary tables and dictionaries. The diagram of the de-
veloped database is shown in Fig. 2. Queries to the database
are carried out through SQL queries.

The chromosomes table includes the chromosome identi-
fier, length, number of nucleotides, and species of organism.

The genes table includes information about gene identifiers
in various databases, including ensembl, gene symbol name,
chromosome reference, chain, and gene biotype.

The transcripts table includes information about transcript
identifiers, transcript coordinates in the genome, transcript
biotype, and a link to the promoter and the gene.

The snps table includes the following information: SNP
identifiers, SNP positions in the genome, chromosome re-
ference and allele. Here and below, one SNP is taken to be an
unambiguous variant of a genome change. Polymorphisms that
have one rs identifier, but allow several nucleotide substitution
options, are counted by the number of such options.

It should be noted that the same nucleotide substitution
can occur in different gene promoters and differently change
the level of affinity of the TBP protein for these promoters,
and therefore two tables are defined in the database to de-
scribe the promoters, promoters and promoters_has_snps,
with a 1:N ratio (one promoter can influence several SNPs),
and the snps and promoters_has_snps tables are also related
by a 1:N relationship (one SNP can be included in several
promoters).

The first promoters table includes the following informa-
tion: promoter identifier, DNA sequence corresponding to the
region [-90; —1] from the start of transcription, coordinates
of the start and end of the promoter in the genome, affinity of
the TBP protein for the promoter with an error, link to the
gene.

The promoters_has_snps table includes information about
the promoter identifier, a link to SNP, coordinates of SNP
in the promoter and relative to the start of transcription, the
sequence of the wild-type promoter and the promoter with
SNP, the affinity of TBP for the promoter with an error, the
nature of changes in gene expression due to mutation in the
promoter, the significance level of the statistical test.

The source snp dbs table includes information about
data sources, database versions, links to databases, which
is necessary for automated updating of the Human SNP
TATAdb database.

Table relationship types define constraints that match
the provenance of the data and are therefore important for
maintaining the integrity of the database, as well as for
providing additional control over the data and reducing the
possibility of errors. In particular, each gene may have one
or more promoters, and each promoter may regulate the
expression of one or more transcripts.

As aresult, the database contains the following information:

* 62603 genes, of which 19314 encode proteins.

* 117414 transcripts, of which 63141 encode proteins.

* 5,305,816 SNP variants in gene promoters in the [-90; —1]
interval from the start of transcription, of which 3,199,285
are in the promoters of protein-coding genes.

* For 445,875 SNP variants in the promoter of a protein-
coding gene, we predicted that they statistically significantly
(p-value < 0.05) change the level of TBP affinity for this
promoter.
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Fig. 2. Scheme of the Human_SNP_TATAdb database.

Application options

for the Human_SNP_TATAdb database

The information presented in the database (affinity of the
TBP protein for the promoter, specificity of the binding site
of TBP for the promoter and assessment of changes in these
characteristics due to SNP) may be important for identification
of markers of genetic susceptibility to diseases, identification
and functional interpretation of classes of promoters similar

732

Human_SNP_TATAdb: a database of SNPs
that change the affinity of the TATA-binding protein

in the mechanism of regulation of the early stage transcription
initiation, etc.

The Human SNP TATAdb database can also help to an-
notate genes or a group of genes in terms of TBP affinity for
a promoter or TBP binding site specificity for a promoter.
To determine the characteristic of a gene associated with the
specific binding of TBP to gene promoters for the purpose of
GO analysis, you can use the average values of the affinity of
TBP for gene promoters or the affinity of TBP for the promoter
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corresponding to the only transcript for the gene, which is
determined by ENSEMBL experts as canonical and is speci-
fied in the database with the label “Ensembl Canonical’’, i.e.
it is generally the most conserved, the most expressed, has
the longest coding sequence, and is represented in other key
resources such as NCBI and UniProt. We mark its correspond-
ing promoter as canonical and use characteristics such as the
affinity of TBP for the canonical promoter and the specificity
of the TBP binding site for the canonical promoter to annotate
a gene or group of genes.

Correlation analysis showed that there is a strong linear
relationship between the affinity of TBP for the canonical
gene promoter and the average affinity of gene promoters
(R=0.88, d.f.=19308). Therefore, using any option will lead
to similar results. However, using TBP’s affinity for the ca-
nonical gene promoter appears to be biologically more reason-
able. Of course, a key use case for the Human SNP TATAdb
database is gene annotation and identification of candidate
SNP markers for disease susceptibility.

Considering that to date quite a lot of studies have already
been conducted in which this kind of annotation has been car-
ried out, we will present the work (Bogomolov et al., 2023)
as an example using the Human SNP TATAdb database for
annotation and identification of candidate SNP markers of
atherogenesis, atherosclerosis and atheroprotection.

We pre-selected 1068 human genes associated with these
diseases. Information about single nucleotide polymorphisms
in the promoters of these human genes, the results of assessing
the affinity of TBP for promoters and assessing their effect on
gene expression for wild-type promoters and promoters with
SNP was obtained from the Human SNP_ TATAdb database.
This information was supplemented by an annotation of se-
lected genes prepared by experts, and a database view was
generated, focused on the analysis of genes associated with
atherogenesis, atherosclerosis and atheroprotection, external
access to which is provided via the Web interface?.

Insilico analysis of all 5112 SNPs in their promoters identi-
fied 330 candidate SNP markers that statistically significantly
alter the affinity of TBP for these promoters.

Next, we compared the corresponding frequencies of
SNPs that increase and decrease the affinity of TBP for the
promoters of the same genes. This comparison was made to
analyze whether these genes are under the influence of natu-
ral selection or neutral drift. We found that natural selection
acts against underexpression of hub genes for atherogenesis,
atherosclerosis and atheroprotection and, through enhanced
atheroprotection, contributes to improved human health (Bo-
gomolov et al., 2023).

Examples of application

of the Human_SNP_TATAdb

database for genome-wide analysis

The developed database makes it possible to analyze genome-
wide statistics and the distribution of these indicators in various
groups of promoters, for example, TATA-containing promo-
ters. For genome-wide analysis, we used protein-coding genes
and transcripts selected by the values of the ‘gene biotype’
and ‘transcript_biotype’ fields equal to ‘protein_coding’.

7 https://www.ensembl.org/info/genome/genebuild/canonical.html
8 http://www.sysbio.ru/Human_SNP_TATAdb
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Alternative promoters and TBP/DNA affinity

It should be noted that one gene can have several transcripts,
the initiation of transcription of which occurs using different
promoters, for which the affinity of the TBP protein is
assessed. Figure 3 shows the distribution of protein-coding
genes by transcript number. The largest number of protein-
coding genes (29.77% of genes) have a single transcript and,
as a consequence, one promoter. 5% of protein-coding genes
have at least 9 protein-coding transcripts. Analysis of the
distribution of genes by the number of transcripts showed
that the average number of transcripts per gene is 3.27, and
the median is 2 transcripts per gene. The Mapk10 (mitogen-
activated protein kinase 10) gene has the maximum number
of protein-coding transcripts (87).

Our analysis showed that the distribution of the average
affinity of TBP for canonical promoters in groups of genes
divided by the number of transcripts is close to uniform.
Thus, there is no need to neutralize the effects due to different
numbers of transcripts per gene when analyzing data using
TBP affinity.

Distribution of SNPs that change gene

expression by promoter positions

The distribution of SNPs that statistically significantly change
gene expression at positions from the start of transcription
is clearly different from uniform (Fig. 4). In the region
[-35; —20], corresponding to the usual location of the TATA
box, the number of such SNPs is noticeably higher than in
other regions of the promoter. The number of SNPs that reduce
gene expression in the [-35; —20] region, corresponding to
the location of the TATA-box, is more than one and a half
higher than in other regions of the promoter. This may be
due to the fact that SNPs in this region tend to disrupt the
TATA box.

The number of SNPs that increase gene expression is higher
on the flanks of the most frequent TATA box locations. The
peaks are located at positions —24 and —32 from the start of
transcription. It should be noted that the distribution of all
SNPs across the promoter positions of protein-coding genes
is uniform. This suggests that an increase in the number of
SNPs that increase gene expression on the flanks of the TATA
box may have functional significance.

Affinity of TBP to TATA-containing

and TATA-free promoters of protein-coding genes

Analysis of the dependence of TBP/DNA affinity indicators,
measured on a logarithmic scale (o.= 9*In(10) — — In(Ky), for
TATA-containing and TATA-free promoters of protein-coding
genes (Fig. 5), showed that the group of TATA-containing
promoters exhibits higher TBP/DNA affinity, consistent with
stronger TBP-promoter affinity.

Functional SNPs affecting the affinity

of TBP for promoter DNA and the specificity

of the TBP protein binding site

We analyzed the dependence of the proportion of SNPs that
have a statistically significant effect on the affinity of TBP for
the DNA of the promoters of protein-coding genes on the
specificity of the TBP protein binding site (Fig. 6). It has been
shown that SNPs in promoters with low specificity of the
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Fig. 4. Distribution of the number of SNPs that increase (excess) and decrease (deficiency) the affinity of TBP for the DNA of the
promoters of protein-coding genes, depending on the position of the SNP relative to the start of transcription.

TBP binding site for the promoter, as a rule, lead to an increase
in gene expression, and in promoters with high specificity,
the proportion of SNPs that decrease expression is increased.
Analysis of the contingency table showed that low
specificity values of the TBP binding site to the promoter (spec
less than 2.5) are more often observed in promoters without a
TATA box (TATA-) (x> = 10385, p-value < 1.0e-228).

Conclusion

This work presents the Human SNP_TATAdb database, which
includes information on single nucleotide polymorphisms in
human gene promoters obtained by automatic extraction from
various heterogeneous data sources, the results of assessing
the affinity of TBP for the promoter using a three-step binding
model, and assessing their impact on gene expression for
wild-type promoters and promoters with a single nucleotide
polymorphism.

734

The affinity of the TBP protein for the promoter, the
specificity of the TBP binding site for the promoter, and
assessments of changes in these characteristics with single
nucleotide polymorphisms presented in the database may be
important for identification of candidate markers of genetic
susceptibility to diseases, identification and functional
interpretation of classes of promoters that are similar in the
mechanism of regulation of the early stage of transcription
initiation, etc.

The Human SNP_ TATAdb database can also be used to
annotate genes or groups of genes in terms of TBP-promoter
affinity or TBP-promoter binding site specificity.

The results of genome-wide analysis showed that the affinity
of TBP for the promoter and the specificity of its binding site are
statistically associated with other characteristics of promoters
that are important for the functional classification of promoters
and the study of differential gene expression patterns.
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The use of the Human SNP TATAdb database for gene
annotation and the identification of candidate SNP markers
of atherogenesis, atherosclerosis and atheroprotection is one
example, as a result of which new knowledge is emerging
about the effect of various single polymorphisms on
susceptibility to certain diseases.
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