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Abstract—A complex approach to recognition of transcription factor binding sites (TFBS) has been devel-
oped, based on four methods: (i) weight matrix, (ii) information content, (iii) multidimensional alignment, and
(iv) pairwise alignment with the most similar representative of known sites. It has been shown that none of the
methods considered is optimal for all kinds of sites, so in each case the appropriate way of recognition should
be chosen. The approach proposed allows one to minimize the errorsin TFBS recognition. The program avail-
able through the Internet (http://www.sgi.sscc.ru/mgs/programs/multalig/) has been created to search for the

potential TFBS in nucleotide sequences set by the user.
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INTRODUCTION

The development of methods recognizing tran-
scription factor binding sites (TFBS) is important for
computer annotation of genomic DNA. The widely
applied approaches to TFBS recognition include con-
sensus analysis [1-4], weight matrices [1], oligonu-
cleotide matrices [5], estimation of physicochemical
characteristics [6], information content [7, 8], neural
networks [9], various statistical methods [10], etc.
Despite the variety of approaches, one cannot regard
the problem of precise TFBS recognition as com-
pletely solved nowadays.

Thereason isthe large variety of context, physico-
chemical, and conformational TFBS features, DNA—
protein interactions between TFBS and transcription
factors; the specificity of TFBS context in different
kinds of regulatory regions (promoters, enhancers,
silencers, locus-controlling regions, etc.); the extent
of conservation of the context; and others.

At the same time, each of the approaches listed
above takes into account certain peculiarities of the
context or structural TFBS organization. A situationis
typical when one method provides good results with
one TFBS group and low accuracy of recognition with
the other. Therefore, promising methods should be
based on different modes of considering and revealing
significant features of the TFBS structural organiza-
tion and their context. To achieve this, it is necessary
to develop methods taking into account the features of
both TFBS and their neighboring DNA.

In the present work, we consider a complex
approach to TFBS recognition based on methods
known before and suggested by us: (i) weight matrix;
(ii) information content; (iii) multiple alignment; and
(iv) pairwise alignment with the most similar repre-
sentative of known TFBS. We assess the mean accu-
racy of recognition to choose the optimal method for
each kind of TFBS.

On the basis of experimental information on the
structural—functional organization of TFBS accumu-
lated in the TRRDatabase [11], we have developed
methods recognizing 25 TFBS deposited in TRRD.
For each TFBS set, four methods were created and
integrated into the MM Site program availabl e through
the Internet (http://www.sgi.sscc.ru/mgs/pro-
grams/multalig/) allowing one to search for potential
TFBS in unknown nucleotide sequences. The results
of the analysis of eukaryotic gene promoter regions
from TRRD have been demonstrated.

EXPERIMENTAL

Formation of the TFBS sets on the basis of the
information from TRRD. The TFBS nucleotide
sequences were extracted from the EMBL database on
the basis of the information on site location deposited
in TRRD [11] and intended for accumul ation of exper-
imental data on regions controlling eukaryotic gene
transcription. These datawere treated with the TRRD-
Pars program created by us. The TFBS sets were
formed out of 25 nucleotide sequences. The hames of
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the transcription factors under consideration are
shown in the table.

As negative selections, we used the random
sequences created as described bel ow.

Multidimensional multiple alignment of nucle-
otide sequences. Thefirst step of building methods of
the TFBS recognition is the multiple alignment tradi-
tionally based on a pairwise alignment of all nucle-
otide sequences comprising a set, then building asim-

Characteristics of four methods of TFBS recognition
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ilarity matrix, and on its basis, a similarity tree: step-
by-step alignment of sequences, whose order is deter-
mined by the tree [12-15]. Such an approach comes
from a suggestion that the considered group of nucle-
otide sequences has been originated from a common
ancestor as aresult of divergent evolution. The valid-
ity of this suggestion has been confirmed with the use
of numerous extended nucleotide and amino acid
sequences [12-15]. At the same time, the evol ution of
TFBS probably differs from that of extended

M1 M2 M3 M4

Factor El E2 El E2 El E2 El E2 Elml n M (Elmi n) E2mi n M (Ezmi n)
USF 5 1 0 24 0 11 0 15 0 [M2,M3 M4 1M1
CDP 33 27 33 27 0 42 0 4 0 |M3, M4 4 |M4
c-Fos/c-Jun 0 19 25 17 25 29 0 52 0 |M1,M4 17 |M2
c-Myc 25 6 0| 32 0 3 0| 21 0 [M2,M3, M4 3 [M3
CAN 0 13 0 18 0 8 0 8 0 (M1,M2,M3,M4| 8 |M3, M4
CliB1 0 12 0 12 0 11 0 11 0 |[M1,M2,M3,M4| 11 |M3, M4
C/EBPS 0 12 0 29 0 12 0 12 0 [M1,M2,M3, M4 | 12 |M1, M3, M4
E2F-1/DP-1 4 2 0 28 0 4 0 14 0 |M2,M3, M4 2 |M1
E2F 11 11 11 44 11 5 11 22 11 |M1,M2,M3,M4| 5 |M3
EAR-2 0 9 0 9 0 9 0 9 0 (M1, M2,M3,M4| 9 |M1, M2, M3, M4
EBP-1 0 8 0 7 0 7 0 7 0 |[M1, M2 M3 M4 7 |M2, M3, M4
ElIfl 0 2 0 19 0 2 0| 19 0 (M1,M2,M3,M4| 2 |M1, M3
GATA-3 27 11 0 68 0 1 0 54 0 |M2,M3, M4 1|{M3
HNF-3a 0 14 0 13 0 14 0 13 0 |M1,M2,M3,M4| 13 |M2, M4
ISGF3 17 18 17 46 17 13 17 16 17 |M1,M2,M3, M4 | 13 |M3
LAP 4 5 2 16 2 2 0 23 0 (M4 2 [M3
NF-kB(p65) | 0 | 4 | © 21 0| 2| o] 2 0 [M1,M2,M3, M4| 2 |M2 M3 M4
NF-Atp/c 31 15 15 73 8 4 8 64 8 M3, M4 4 |M3
p53 17 48 67 44 17 1 17 34 17 |M1, M3, M4 1|{M3
Ptx1 0 1 0 1 0 1 0 1 0 |[M1,M2,M3,M4| 1 M1, M2 M3 M4
STAT1 0 6 0 5 0 5 0 5 0 [M1,M2,M3,M4| 5 |M2, M3, M4
TCF-1a 0 22 0 22 0 22 0 22 0 |[M1,M2,M3,M4| 22 M1, M2, M3, M4
TTF1 27 7 0 78 0 9 9 55 0 [M2,M3 7 |M1
XHSF1 0 28 0 13 0 0 0 0 0 |[M1,M2,M3,M4| 0 |M3, M4
Mean error 13 15 11 30 4 13 3 21 2 7

Note: E1, first-type error in control (percentage).

E2, second-type error in control (percentage).
M1, weight matrix.
M2, information content.
M3, multidimensional alignment.
M4, alignment with the most similar representative.
Elyin, minimal first-type error for each TFBS type.
M(EL,,). method providing the minimal first-type error.
E2in, minimal second-type error for each TFBS kind.
M(E2,ir), method providing the minimal second-type error.
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sequences. any eukaryotic genome contains an enor-
mous amount of TFBS not connected by a common
evolutionary origin and located in the 5'- and 3'-termi-
nal gene regions.

Therefore, it seemed expedient to develop a
method of TFBS analysis independent from the sug-
gestions about their primary structure. This method
based on the multidimensional alignment of nucle-
otide sequences is described below.

The multidimensional alignment is a generaliza-
tion of a traditional two-dimensional alignment
[12—-15] that is performed in four steps.

(1) To dign sequences of lengths L, and L,, the two-
dimensional matrix Sisbuilt of size (L, + 1)(L, + 1). In
the case of local alignment, elements of the first col-
umn and first row of the matrix are represented by
Zeros.

(2) To determinetheinternal elements according to
(2), the maximum out of the three following valuesis
required: (i) the value of the upper element minus pen-
aty for deletion; (ii) the value of the left element
minus penalty for deletion; and (iii) the value of the
diagonal (upper left) element plus the value of nucle-
otide similarity:

0S(i-1,j-1) + (i, ])
(i, j) = maxS(i -1, j) —d (1)
55, j—1) —d.

Here d is a penalty for deletion and (i, j) is the value
of similarity between a nucleotide in position i of the
first sequence and a nucleotide in position j of the sec-
ond sequence.

(3) When the matrix Sis completed, in the case of
local alignment, the most weighted element Sm,, m,)
ischosen, where0<m, <L, and0<m, <L,.

(4) From the chosen element S(m,, m,), by recon-
struction of the course of alignment, the desired align-
ment is obtained [12-15].

By analogy with the two-dimensional alignment,
the multidimensional alignment is also performed in
four steps.

(1) To aign N sequences of length L, L,, ..., Ly,
the multidimensional matrix S of size (L, + 1)(L, +
1)...(Ly + D isbuilt. In the case of local alignment, all
elements|ocated at the matrix sides are represented by
Zeros.

(2) To fill the internal matrix positions, the maxi-
mum is determined out of 2N — 1 values of neighbor
elements (since the aligned sequences may contain 0
to N — 1 deletions) calculated as described for two-
dimensional alignment.

(3 In the case of local aignment, the most
weighted element Sm;, m,, ..., my) is chosen, where

POZDNYAKOQV et al.

0sm <L, 0sm <L, ..
(2):

., 0= my < Ly, according to

S(my, m,, ..., my)

= max (Hiy, iy, ..
il<Ll,i2<L2,...,iN<SLN

Li). @

(4) From the chosen element Sm;, m,, ...my), by
reconstruction of the course of alignment, the desired
alignment is obtained.

Our program of multidimensional multiple align-
ment MMSite asks for parameter n, the number of
sequences subjected to simultaneous alignment (1 <
n <N, where N isthe number of al sites). If n< N, then
alignment is done step-by-step by multidimensional
alignment of n out of N sequences. Thus, the MM Site
program can perform both multidimensional multiple
alignment mode and regular, two-dimensional mode.

The methods of TFBS recognition were built on
the basis of the multidimensional alignment.

Methods of TFBS recognition. Four methods
were used to recognize TFBS: (i) weight matrix;
(ii) information content; (iii) recognition by multidi-
mensional alignment; and (iv) recognition by compar-
ison with the most similar representative of known
TFBS. Methods (1) and (2) are well-known [16].
Methods (3) and (4) were first used by us. In method
(3), apotential TFBS is aligned with a set of aligned
real TFBS, whereasin method (4), apotential TFBSis
aligned with each real TFBS and the best alignment is
chosen.

The decision rule for al methods was determined
by one and the same mode. As an example, let us con-
sider a procedure for building the decision rule for
multidimensional alignment.

Let us designate a set of real TFBS containing N
sites as Q. After the excluding of one TFBS desig-
nated asR,,., aset Qy_, remains. R, wasaligned with
aset Qy_,, andthe R, weight W(R,;.) was determined
by formula (2). Thus, according to the procedure of
multidimensional multiple alignment, weight W(R;;,.)
reflects the similarity between a nucleotide sequence
R, and aset of TFBS.

The weight distribution W(R;,.) was obtained by
sequential excluding each R, out of aset Qy. In addi-
tion, the weight distribution W(R,,,;) was obtained for
random seguences. On this purpose, one R, was
sequentially chosen out of a set Q) to serve asabasis
for generating a random sequence R, which was
aligned with a set Qy_,- The weight of this alignment
determined by formula (2) was considered as weight
W(R..q)- Thus, according to the procedure of multidi-
mensional multiple alignment, weight W(R,,,) reflects
the similarity between a random sequence R,; and a
set of TFBS.
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Weight distribution W4

for random sequences

Weight distribution W,
=—[ for real sites

Weight value W chosen
to separate distributions
Wsite and Wno

N

Square S, estimation of the
first-type error

Square S,, estimation of the
second-type error

Fig. 1. Scheme of weight distributions for real sites (W,;,.) and random sequences (W,,4). Weight distributions were obtained as

described in the text.

The weight distributions W,,, and W,,, are sche-
matically shown in Fig. 1. The prearranged border
between these distributions cuts a part of W,;, on the
left (the square is designated as S;) and a part of W4
on theright (S,). These squares are estimations of the
first- and second-type errors, respectively. In the
methods developed by us, the border W, has been
determined so that the correlation coefficient CC(W)
characterizing the separation of two weight distribu-
tions (3) was maximal W, = argmax(CC(W)).

CC(W)

- (1-SMW)A-5W) -SWSW) _ 3)
[(1=S,(W) + S,(W))(1 - S,(W) + Sy (W))]
Here, S;(W) and S,(W) are estimations of the first-

and second-type errors, respectively, which depend on

where the border separating the real and random
TFBSisrunning (Fig. 1).

Let us consider now a nucleotide sequence X,
which isunder question whether it is of the TFBS type
represented by a set Q. To build the weight distribu-
tion Wy for the sequence X, each sequence was
excluded in turn from a set Qu, and sets Qy_, were
aligned with the sequence X. As before, the alignment
weight Wy was calculated according to (2). The mean
value W, ..., was determined for the weight distribu-
tion W,. The following decision rule is used to recog-
nize TFBS: if W, ... > W, then X is a potential site;
otherwise, X is not a site.

Such methods of the TFBS recognition as the
weight matrix and information content were built by
an analogous way. The matrix P of relative frequen-
cies of nucleotideswas built onthe basisof aset Qy _;.
Then the recognized sequence X was aligned with a
set Qy_ . By using thisalignment and the matrix P, the
X weight was found according to formulas (4) and (5)
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for the weight matrix and information content, respec-
tively:

= -3 In(P(a)). @
W = - P(a)In(P(a)). )

Here, L is the TFBS length, & is a nucleotide in
position i of the sequence X, and P(g) is an element
of the matrix P in position i for the nucleotide a;.

The method of TFBS recognition by alignment
with the most similar representative is asfollows. The
sequence X isaligned in turn with each site of aset Q,
and the alignment weight is estimated according to
(2). The highest weight serves a characteristic of the
similarity between X and the set Q. To obtain the deci-
sion rule, the distribution of these characteristics is
built for sets of random and recognized sequences by
the procedure described above (see building the deci-
sion rule for multidimensional alignment).

Method of search for potential TFBS. On the
basis of four methods of recognition, the MM Site pro-
gram has been devel oped to search for potential TFBS
in extended nucleotide sequences. The program inter-
face is shown in Fig. 2a. The user sets a nucleotide
seguence and the name of transcription factor, whose
binding sites are to be recognized, the second-type
error in the field “Threshold,” the direction of the
introduced sequence by turning on or off “Reverse
strand,” and the mode of result presentation, text or
graphic, by turning on or off “Graphic mode.” In
Fig. 2a, the search is set by two methods: the multidi-
mensional alignment (designated as multiple align-
ment) and the pairwise alignment with the most simi-
lar representative (pair alignment).
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(a)
/3 Example MultAlig program - Microsoft Internet Explorer [_[&]X]
J File Edit View Favortes Tools Help
& .2 .9 B Al@ @ 3 B & 33 @.=62 7 K
Back Forward Stop Refresh Home Search  Favortes  History Mail Size Print Edit Discuss RelGet  Messenger
JA_c_Idress I@ http: /A, sgi.ssce.u/mgs/programs/multalig/example. html :_I (3>I30 H Links‘
Enter sequence in plain format
@ from Screen (cut & paste)...
aacaagataagaccaaattgacgtc:atggtaaaaatt,gacgtcatggtaattacaccaagta]
cocttoaatcattggatggaatttoctgttgateccagy
C from File: | Browse... I
Icreb 3
Threshold ID.US " Reverse strand " Graphic mode (only for first selected or optimal method)
& methods
V multiple alignment
¥ pair alignment
I weight matrix
[ information content
C optimal method
Scan I Clear About

(3]
(b)

/a Site recognition - Microsoft Internet Explorer

[ | |5 Local intranet

J File Edit View Favorites Tools Help

Back Eorard Stop Refresh Home Search  Favortes  History Mail Size
J Address I@ http: # Avww. sai.ssce. iudcgi-bin/mas/common/startsite. pl
P-Level: 0.050000
Name Position Strand Site Method
creb Zaih + -cgtoa multiple alignment
creb 39 + acgtoa multiple alignment
creb =5 + acacca mailtiple alignment
creb 64 + ccttea multiple alignment
creb 39 + acgtca best pair alignment
creb 68 + caatca best pair alignment

Fig. 2. The Web site with the MM Site program: (a) interface and (b) an example of the search results. The user can set anucleotide
sequence, indicate the name of the transcription factor whose binding sites are required for asearch in the given sequence, and chose
any combination of four recognition methods or “Optimal method.” In the latter case, the program determines the most precise
method for the given TFBS. In “Threshold,” the user indicates the second-type error for the given TFBS.
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An example of the results presented in text modeis
shown in Fig. 2b. The first line indicates the signifi-
cance level (“Threshold” value). Then follows a brief
description of the columns produced by the program.
The first column shows the transcription factor name;
the second, positions of potential TFBS in the
inquired nucleotide sequence; the third, the direction
of search; the fourth, the sequence of potential TFBS
with possible deletion symbols “—" designating the
alignment of this region; and the fifth, the method
name.

RESULTS AND DISCUSSION
Recognition of TFBS Described in TRRD

The table shows the first- and second-type errors
for the methods created by us to recognize binding
sites for 25 transcription factors, which were obtained
for the control TFBS sets and the sets of random
sequences that were not present in training sets. The
first-type error E1 characterizes a part of unrecog-
nized sites from a control set of rea TFBS according
to (6):

Na
El= 3¢ (6)
Ns’te

Here ng,. isthe number of real TFBS recognized

as non-sites from a control set and N, is the number
of sitesin a control set.

The second-type error E2 characterizes a part of
random sequences recognized as TFBS from a control
set of random sequences according to (7):

+

n
E2 = (N
Nrnd

Here n;., isthe number of random sequences rec-
ognized as TFBS from a control set and N, is the
number of random sequences in a control set.

The table shows the first- and second-type errors
(E1 and E2) obtained for each TFBS recognized by
four methods under consideration.

Obviously, in most cases, different methods yield
different errors of TFBS recognition. For example, in
the case of TFBS USF, errors E1 and E2 are respec-
tively equal to 5 and 1% for the weight matrix method,
0 and 24% for the information content method, 0 and
11% for the multidimensional alignment, and 0 and
15% for the alignment with the most similar represen-
tative.

Methods with the least first- and second-type
errors, M(El,,;,,)) and M(E2,,,,.), aswell as their errors,
El,,, and E2 ., are shown for each TFBS in the last
four columns of the table. For example, in the case of
TFBS CDRP, the least first-type error is provided by
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methods M3 and M4 (multidimensional alignment
and alignment with the most similar representative),
while the least second-type error is provided by
method M4 (alignment with the most similar repre-
sentative).

Obviously, no method ensuring the least errors,
El,,, and E2.,, for all considered TFBS occurs
among these methods. Thus, method M3 (multidi-
mensional alignment) provides the minimal error E1
for USF, CDP, c-Myc, CAN, ClIIB1, and C/EBPR,
while in the case of c-Fos/c-Jun, the least first-type
error is provided by the weight matrix method.

The bottom line of the table shows mean errors El
and E2 for each method. The methods may be ranged
according to the increase of the mean first-type error
as follows: (i) alignment with the most similar repre-
sentative, 3%; (ii) multidimensional alignment, 4%;
(iii) information content, 11%; and (iv) weight matrix,
13%.

According to the increase of the mean second-type
error, the methods may be ranged as follows: (i) mul-
tidimensional alignment, 13%; (ii) weight matrix,
15%; (iii) alignment with the most similar representa-
tive, 21%; and (iv) information content, 30%.

One the basis of the results obtained, we can rec-
ommend the following strategy of TFBS recognition
in unknown nucleotide sequences.

(1) To search for a certain TFBS, the method
should be chosen providing the minimal first- or sec-
ond-typeerror (E1,,, or E2,;,) depending on aspecific
task. Thus, for long genomic sequences, methods pro-
viding the minimal second-type error E2,,,;, are prefer-
able to avoid prediction of the large amount of false
TFBS. On the other side, to obtain full information
about potential TFBS of a certain type in short
seguences, it is expedient to apply a method with the
minimal first-type error El,;, to avoid possible miss-
ing of real TFBS. Asfollows from the table, to search
for potential TFBS E2F-1/DP-1 with the minimal
first-type error, one should use multiple alignment or
alignment with the most similar representative (first-
type errors for these methods are equal to 0%),
whereas for a search with the minimal second-type
error, one should apply weight matrix method (E2,,;,
isequal to 2%).

(2) When it is necessary to recognize simulta-
neously TFBS of different types in one nucleotide
sequence with the minimal first-type error, it isrecom-
mended to use a combination of the methodsindicated
in column M(EL1,,,) of the table. Such an approach
provides the mean first-type error El,,;, of 2%, which
is substantially lower than E1,,,, for each method.

(3) In order to simultaneously recognize TFBS of
different types in one nucleotide sequence with the
minimal second-type error, one should apply a combi-
nation of the methods shown in the table column
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TFBS predicted by
multidimensional alignment

0.85
0.83
0.81

0.79:

0.77

. 075
-99 1

L ! ! ! |
-399 -299 -199 101 201

Fig. 3. Distribution of TFBS predicted by multidimensional alignment for eukaryotic gene promoter regions with positions—300 to
+200 from the transcription initiation point. The X axisindicatesthe promoter positions from the transcription initiation point (posi-
tion 1). TheY axis shows the frequency of TFBS calculated per promoter region. The set of promoter regions was created on the
basis of the information from TRRD and included 516 sequences.

TFBS deposited in TRRD

1k
0.8+
0.6
0.4+
0.2
L h—
-299 -199 -99 1 101 201

-399

Fig. 4. Distribution of real TFBS in eukaryotic gene promoter regions with positions—300 to +200 from the transcription initiation
point (on the basis of theinformation from TRRD). Axisdesignations asin Fig. 3. The set of promoter regions (516 sequences) was

created on the basis of the information from TRRD.

M(E2,,;,). Such an approach provides the mean sec-
ond-type error E2,,, of 7%, which is substantially
lower than E2,,;, for each method taking separately.

Distribution of Potential TFBS along Promoters

Using the developed methods of TFBS recogni-
tion, we studied gene promoters (—300 to +200 from
the initiation transcription point) deposited in the
TRRD database. In total, 516 promoters were ana-
lyzed, in which 25 types of TFBS were recognized by
multidimensional alignment. The data obtained are
shown in Fig. 3. The distribution of real TFBSin pro-
moter regionsis represented in Fig. 4.

As follows from Figs. 3 and 4, the distribution of
potential TFBS predicted by multidimensional align-
ment and that of real TFBS deposited in TRRD are
specifically similar to each other in the region —300 to
—1 and substantialy differ in the region +1 to +200
from the initiation transcription point. The similarity
of these distributions upstream the initiation transcrip-

tion point testifies to the accuracy of the methods
developed by uswith regard to the prediction of anno-
tated TFBS, aswell asto the fact that a substantial part
of real TFBS in gene promotersis already experimen-
tally revealed.

At the same time, the number of predicted poten-
tial TFBS downstream the initiation transcription
point is substantially greater than that of the experi-
mentally revealed TFBS deposited in TRRD. This
may suggest that the regulatory gene regions down-
stream the initiation transcription points are insuffi-
ciently studied. Therefore, according to the results of
computer analysis, the study of these regions is of
great interest since they may contain many new TFBS.

CONCLUSIONS

One of the current problems is the fast accumula-
tion of new experimental data on the TFBS primary
structure and their location in genomic DNA. There-
fore, a “technological line” is required, which should
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include the annotation of literature data containing
information about TFBS, the deposition of the datain
computer databases, the formation of TFBS sets and
their analysis to build methods of TFBS recognition,
and the accumulation of the methods in a computer
database available through the Internet. Some impor-
tant elements of this approach are described in the
present work.

The main source of the data on TFBS and on the
regulatory regions controlling transcription of eukary-
otic genes is the database TRRD, continually updated
[11]. It contains experimental information about the
initiation transcription points, disposition of regula-
tory regions (promoters, enhancers, silencers, etc.)
and TFBS according to the initiation transcription
points, as well as references on nucleotide sequences
from EMBL and GenBank. These data are processed
by the TRRD-Pars program allowing one to extract
the regulatory TFBS sequences from EMBL. Thus,
the possibility of continual renovation of the TFBS
data occurs to built methods of their recognition.

On the basis of the nucleotide sequence sets
formed, anumber of the methods of TFBS recognition
has been built: (i) weight matrix, (ii) information con-
tent, (iii) multidimensional alignment, and (iv) align-
ment with the most similar representative. The results
obtained by us indicate that the use of a combination
of methodsto recognize each type of TFBS allows one
to decrease the first- and second-type errors.

This approach is suggested to be developed in the
following directions.

(1) Extension of the number of TFBS groups
involved in building the recognition methods (taking
into account the fact that about 700 different TFBS are
deposited in TRRD at present).

(2) Extension of a set of recognition methods,
including such approaches as hidden Markov models
[17], discriminant analysis [18], neural networks [9],
methods based on the context-dependent conforma-
tional and physicochemica characteristics of DNA
[6], methods of knowledge discovery and regularity
search (Vityaev et al., thisissue), and others. It is sug-
gested that the use of a large amount of methods
allows one to minimize the recognition errors.

(3) Building the TFBS recognition methods not
only onthe basisof the TFBS central regions (asin the
present work), but also on the basis of their flanking
regions.
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