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Supplementary Method 

An estimate of binding affinity of TATA-binding protein for 70 bp regions in front of 

transcription start sites of human genes 

The input data are the 70 bp DNA sequence {s-70…si…s-1}, where s0 is he transcription start site (TSS) 

and si  {a, c, g, t}). We use the linear approximation for the three-step molecular mechanism of the 

TATA-binding protein (TBP) binding to the 70 bp region of the human gene promoters (Ponomarenko 

et al., 2008; Delgadillo et al., 2009). This mechanism can be described as follows: (i) TBP slides along 

DNA ↔ (ii) TBP stops at a probable TBP-binding site ↔ TBP–DNA complex is fixed by DNA 

bending at a right angle, i.e., 

–ln(KD) = 10.9 – 0.2 {ln(KSLIDE) + ln(KSTOP) + ln(KBEND)},     (1) 

where 10.9 (ln units) is nonspecific TBP–DNA affinity (10–5 M); ln(KSTOP) is calculated using 

Bucher’s matrix, Wi,s(i) is weight of nucleotide s(i) at the ith position of the TBP-binding site (Bucher, 

1990):  

𝒍𝒏(𝑲𝑺𝑻𝑶𝑷) = 𝐦𝐚𝐱
(+),(−) 𝑫𝑵𝑨 𝒄𝒉𝒂𝒊𝒏𝒔

{∑ 𝒘𝒋;𝒔𝒊+𝒋

𝟏𝟑
𝒋=−𝟏 } ;      (2) 

ln(KSLIDE) is calculated using  the abundance [TA] of dinucleotide TA and μ-value of the minor 

groove width of the DNA helix (Karas et al., 1996), namely: 

–ln(KSLIDE) = MEAN15bp {0.8[TA] + 3.4μ + 35.1};    (3) 

ln(KBEND) is calculated using the means for both DNA strands of the TBP-binding site at the maximal 

score value of Eq. (2), as follows: 

–ln(KBEND) = MEANTATA-box {0.9[TA, AA, TG, AG] + 2.5[TA, TC, TG] +14.4}.   (4) 

Using all the possible substitutions, sj→ξ, at each position j within the 26-bp DNA window scanning 

the 70 bp DNA under study, we estimated the standard deviation of the ln[KD] estimates (Eq. 1) as 

δ=[(Σ1≤i≤26Σξ {a,c,g,t}[ln(KD({si-13…ξ…si+12})/KD({si-13…1si+j…si+12})2])/(3*26)]1/2   (5) 
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Applying Eqs. (1–5) to both minor (min) and ancestral (wt) alleles of the DNA being studied, we 

calculated (–ln(KD
(min)) ± δ(min)) and (–ln(KD

(wt)) ± δ(wt)), respectively, and, after that, computed Fisher’s 

Z-score: 

Z = abs[ln(KD
(min)/KD

(wt))]/[δ2
(min)+δ2

(wt)]
1/2.     (6) 

Next, package R (Waardenberg et al., 2015) transforms this Z-score value into a p value, i.e., the 

probability of the hypothesis “H0: KD
(mut) ≠ KD

(wt)”. At this statistically significant level p > 0.95, we 

made the final decision: 

 

IF {INEQUALITY “–ln(KD
(min)) > –ln(KD

(wt))” is statistically significant}, 

THEN {DECISION is “the minor allele of the given gene is overexpressed relative to the ancestral one”}; 

ELSE [IF {INEQUALITY “–ln(KD
(min)) < –ln(KD

(wt))” is statistically significant}, 

THEN {DECISION is “the minor allele of this gene is underexpressed relative to the ancestral one”},] 

OTHERWISE {DECISION is “alteration of the expression of this gene is insignificant”}. 

 

This DECISION is the third line of textbox “Result” of our Web service SNP_TATA_Comparator 1 . 
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