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Nuclear receptors (NR) function as ligand-activated transcription factors. 
They are involved in regulation of reproduction, development, general 
metabolism and other processes. An inappropriate nuclear receptor signaling 
is a key pathological determinant in many diseases, such as cancer, obesity, 
diabetes, cardiovascular disorders. In this work we try to create a method of 
recognition nuclear receptors sites on DNA. 

 
Data Structure 

NR binding site often consists of two hexanucleotide half-sites. Distance between half-sites is 
variable and sometimes depends on a type of receptor that recognizes the site. Half-sites can be in 
different orientations to each other. The same half site is very similar for a large number of nuclear 
receptors. One site can be a target for different nuclear receptors. Therefore, it is very important to 
identify sites, to understand what nuclear receptor binds to each site. 

 
Recognition Method 

Since the site consists of 2 conservative domains, and a distance between them can vary, denote 

double-core model of recognition : kM 2121 ,,, ddmmM k =

1m 2

, where ,  are weight 
matrices [1] 6 bp. long; ,   are minimal and maximal space length respectively between half-
sites. Let  and are the weights of  and m  in positions i and j on the sequence 
respectively. 
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Fig.1. NR site consists of two domains. and a variable distance between them 

The site will be considered to be recognized, if the weight 
2
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=  is more than given 

cutoff and a distance between half-sites ],[ 21 ddd ∈ .  
The procedure of NR sites recognition is following: if a typical half-site was recognized on the 

sequence, we look for potential NR sites by using models  where K is a number of all 
models. In a case of some potential sites for one model  we take a site with maximal weight of 
recognition . If the model  is not recognized in this region, assume weight of recognition 

. Then this sites are classified according to the weights  by using decision tree method.  
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Training Method. 
The method of finding models : kM ),...,( 1 mSSS =  is a training set of NR site sequences. For 

each subset  of set S two collections of subsequences  and 
 are defined, , length of  = 6.  
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Applying classical procedure of Gibbs sampling [2] we find  and S  such as  are similar to 

each other, и  are similar to each other. Matrices  and  can be constructed by using  and 
 respectively. Than distances 
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 were calculated. Define 

an initial subset  named “core set”. Than we make a model and add a sequence from 
 to  for which the weight  of model  is maximal. Consequently, we get a model 

. We continue a procedure of adding until the weight  is bigger, then initially given cutoff 
C. (Fig. 2). 
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After the end of the procedure we get a model M that describes a set S. Hence we get different 
models for different classes of NR sites. TMM ,...,1

After that we use for all learning sets of sites  a procedure of searching described before. For 
every sequence s, where a typical site is recognized, we get a vector V  of model 
weights . And according to this set of vectors we build a decision tree by the method 
KART-style. As a criterion of choice we take a minimal mistake of cross-validation. The cross-
validation is maid after each step of building the tree. A part of learning set is cutting out and serve 
as control set. Then the procedure is repeated N times and a mistake of cross-validation  averages 
over all tests.  
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Data 

There are a number of NR binding sites, used for learning sets in the table. To create core sets 
there were taken 5-6 sites from each group, that are often used in research of this NR. 

 The sequences of sites were taken from TRANSFAC  database (3).  Some sites can bind to more 
than one type of NR, therefore a number of sites in groups is not the same as a amount of sites for 
all NRs. 
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Table 1. A number of NR binding sites, used for the analysis 
NR Number of sites Group Number of sites 
AR 30 
ER 45 
GR 59 

PR 27 

Group steroid 138 

T3R 17 
RAR 28 

Group 1 thyroid 48 

LXR 15 
VDR 26 
PXR 15 

FXR+RXR 10 
SF1 25 

Group 2 thyroid 65 

COUP 21 

PPAR+RXR 25 
HNF4 42 

Group 3 thyroid 61 

0.2
ER

 
 

Results. 
There was built double-core model for each factor from table 1, for 4 groups of factors (table 1) 

and for 10 different repeats. Resulting decision tree has 18 nodes and 19 leaves. Also it was made a 
program for recognition of NR sites. 

Predicted Class by Observed Class n's for Var1
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