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INTRODUCTION

It is essential to study promoter structure to under-
stand the mechanisms of transcription in eukaryotes.
The basic element of transcription initiation is a core
(basal) promoter, that is, a minimal DNA sequence
required for correct initiation of gene transcription

 

in vitro

 

 [2]. The core promoter includes the transcrip-
tion start point within the region –60 to +40 bp around
it [3, 4]. Each regulatory region contains binding sites
specific for certain transcription factors [5]. Occur-
rence and distribution of the sites to bind transcription
factors in 5'-terminal regulatory gene regions reflects
tissue- and stage-specific patterns in regulation of
their expression. A gene may have multiple promoters
functioning to start translation resulting in various
protein products or in products of various level of spe-
cific functional activity. Moreover, a common feature
of eukaryotic promoters is the absence of exact location
of the context signals essential for functioning, and
these signals are rather weak [6].

Diversity of the gene promoter structure creates
great problems in development of the software for
promoter recognition. Numerous methods were pro-
posed to recognize promoters of RNA polymerase II
in eukaryotic genomes [7–10], however, as a whole,
the problem how to increase the efficiency of pro-
moter recognition remains unsolved.

In order to search for the structural organization
patterns of eukaryotic promoters from databases, we
developed the computer system “Gene Discovery”
(basing on the system “Discovery” [11, 12]), which
contains a module to search for the patterns in tables
of molecular biological data showing significant cor-

relation with the class of regulatory sequences, and
the module to recognize promoters in a nucleotide
sequence basing on the selected patterns. The soft-
ware is written in C++ using VisualStudio 6.0 and
designed for interactive work on PC. The system
“Gene Discovery” was used to study the promoters of
the endocrine-system genes from the database of
eukaryotic transcription regulatory regions TRRD [1],
and the promoters of erythroid-specific genes from
database EpoDB [13]. We found a range of trends in
occurrence and distribution of specific oligonucle-
otide motifs within these promoters.

EXPERIMENTAL

 

“Gene Discovery”: Principal Scheme
and Procedure of Data Analysis

 

Getting new knowledge with the help of database
KDD&DM (Knowledge Discovery in Databases and
Data Mining) is an extensively developed direction of
research. In this frame, relational methods of data
extraction from the databases (Data Mining) and
software “Discovery” using the first-order logic
language were developed [11, 12, 14]. This system
was used to solve a wide range of problems, for exam-
ple to construct diagnostic system of oncological
diseases, analysis of psychophysical experiments, to
predict time series, and many others [12, 15] (see
also  the Internet site “Scientific Discovery”:
http://www.math.nsc.ru/LBRT/logic/vityaev/, section
“comparison”). Principles of the system “Discovery”
allows its application in molecular biology, a rather
hardly formalizable area.
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Computer-assisted system “Gene Discovery” is an
adaptation of the system “Discovery” to analyze
nucleotide sequences of the regulatory regions. The
principal scheme of the system is shown in Fig. 1. The
system is entered with a learning sample of nucleotide
sequences from two alternative classes: class 1, pro-
moters and class 2, the sequences lacking promoter
functions (e.g., random sequences with the same
nucleotide frequencies, sequences of exons, introns,
etc.)

A block of programs searches for context signals in
sequences of these two classes. A signal may be:

 

• 

 

context (a short oligonucleotide “word,” a func-
tional site, etc.),

 

• 

 

conformational (a DNA site showing certain con-
formational or physicochemical features, e.g., low-
melting DNA fragments, highly bent DNA, etc.),

 

• 

 

structural (e.g., Z-DNA, a hairpin of the second-
ary RNA structure, etc.).

Only one type of the context signals is considered
in this work, imperfect nucleotides.

 

Isolation of Individual Context Signals

 

Oligonucleotide signals specific for a given group
of promoters were isolated using software ARGO
[16], (see also Vishnevsky and Vityaev, this issue, and
http://wwwmgs.bionet.nsc.ru/mgs/programs/argo/). We
consider an oligonucleotide signal or motif a word of
eight bases written in generalized 15-letter IUPAC
alphabet: {A, T, G, C, R = G/A, Y = T/C, M = A/C,

K = T/G, W = A/T, S = G/C, B = T/C/G, V = A/G/C,
H = A/T/C, D = A/T/G, N = A/T/G/C}.

Program ARGO analyzes two contrasting set of
signals, one of which has a specific function (a posi-
tive sample, the promoter set in our case) and the other
lacks this function (a negative sample, random
sequences in our case). The analysis of these two sets
using software ARGO reveals oligonucleotide motifs
according to the following criteria: (1) the motif has
high frequency in the sequences of positive sample
and low frequency in the sequences of negative sam-
ple; (2) this difference in frequency between the two
samples is statistically significant.

This program was used to analyze promoter
sequences of the endocrine-system genes compared with
random sequences of the same nucleotide composition.
The sample of 40 promoters was taken from ES-TRRD
(http://wwwmgs.bionet.nsc.ru/mgs/papers/ignatieva/es-
trrd/index.html). The length of promoter sequences
was 120 bp, –100 to +20 of transcription start. As
shown by homology analysis, no pair of promoters
had more than 60% similarity. A negative “non-pro-
moter” sample contained 1000 random sequences of
the same length and with the same nucleotide compo-
sition as the sample of promoter sequences. Random
sequences were generated using the program from
http://wwwmgs.bionet.nsc.ru/mgs/dbases/nsamples/.

Analysis of endocrine-system gene promoters with
software ARGO revealed 68 specific oligonucleotides
in 15-letter code (below they are called motifs). Some
examples are shown in Table 1 with information on

 

Fig. 1.

 

 Block scheme of the system “Gene Discovery.” The data are shown as rectangles, the stages of information processing are
shown with ovoids.

 

Gene Discovery interface

Positive sample:
regulatory regions

Negative sample:
random sequences

Search for context signals in samples

Object-feature table

Visual inspection
and pattern

interpretation

Search for patterns in mutual
location of context signals
in regulatory sequences;
making recognition rules

Database of context patterns and recognition programs

Query sequence

Search for context
signals in query sequence

Table of context signal
marking in query sequence

Recognition of regulatory
region in query sequence

Location of regulatory
region in query

sequence
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specific oligonucleotide motifs in 15-letter code (col-
umn 2), and on the parts of the positive and negative
sets containing the motif at least once (columns 3 and
4). For example, motif KNCMAGDG is found in 32%
sequences of the promoter sample and only in 3%
sequences of the random sample.

Since the motifs are described using the 15-letter
code, they are variable, i.e., almost every position of a
motif may be occupied by either of more than one
nucleotide. For example, motif KNCMAGDG (no. 1
in Table 1) written in 15-letter code really is like
(T/G)(A/T/G/C)C(A/C)AG(A/T/G)G. Each of the
shown motifs is found in at least once per 20–40%
promoters. At the same time, the frequency of the
motif in promoters is significantly higher than in ran-
dom sequences (Table 1). However, we should note
that despite significantly higher frequency in promot-
ers none of the revealed motifs was present in all pro-
moter sequences. Therefore, we consider the revealed
oligonucleotide motifs as quasi-invariant signals,
short conserved fragments common for subgroups of
the studied set of promoter sequences.

A similar procedure was used to analyze the
sample containing 41 promoter sequence of the
erythroid-specific genes taken from EpoDB [13]
(http://www.cbil.upenn.edu/EpoDB/release/version_
2.2/epodb.html) (Table 2).

To summarize, program ARGO allowed us to find
short oligonucleotide motifs common for different
groups of specific promoters. The next stage of our
study was to search for localization of the revealed
motifs within all sequences of a specific promoter
group. The results of this search for endocrine-system
gene promoters are presented in object-feature form in
Table 3. Each row of this table corresponds to a single
sequence and includes description of an oligonucle-
otide signal found within this sequence. If the
sequence contains more than one oligonucleotide sig-
nals, it is represented with more than one row. For
example, the first row in Table 3 corresponds to
sequence no. 1 of the positive sample (promoter of the
human adrenodoxin gene, EMBL ID M23665), which
contains the context signal 6: RGSNRGRG. This sig-
nal is located at position –65 of transcription start
point in direct chain with orientation from the 5' end
to the 3' end. The second row of the Table 3 shows that
the same signal is located at position –60 overlapping
with the copy of position –65. The last column of
Table 3 indicates that this sequence is of promoter
class.

 

Search of the Promoters
for Complex Context Signals

 

The promoters of each of the two studied types
have common groups of quasi-invariant oligonucle-
otide motifs, and frequency of these motifs in pro-
moter sequences is significantly higher than in ran-
dom sequences. It appeared interesting to study the
problem of similar occurrence and relative location of
these motifs within promoter sequences. Below we
use the name “complex signal” for a group of quasi-

 

Table 1.  

 

Examples of oligonucleotide motifs specific for
promoters of the endocrine-system genes (in the region be-
tween –100 and +20 of transcription start)

No. Sequence in
15-letter code

Portion of the sequences from
the learning set containing the motif*

Promoters Non-promoters

1 KNCMAGDG 0.325000 0.031000

2 KRCCWGNR 0.350000 0.044000

3 ANANANCA 0.275000 0.032000

4 GKNCAGRG 0.225000 0.010000

5 CANAGCMN 0.250000 0.013000

6 RGSNRGRG 0.400000 0.041000

7 KGRSSAGR 0.275000 0.017000

8 KGRSCNGR 0.375000 0.043000

9 YRGRGNCA 0.250000 0.028000

10 CWGWGNCN 0.300000 0.042000

… … … …

68 CTGNNCAN 0.250000 0.035000

 

* The difference for promoters and random sequences is statisti-
cally significant assuming binomial distribution of nucleotides.
Missing data are marked with dots.

 

Table 2.  

 

Examples of oligonucleotide motifs specific for
promoters of the erythroid-specific genes (in the region be-
tween –100 and +20 of transcription start)

No. Sequence in
15-letter code

Portion of the sequences from
the learning set containing the motif 

Promoters Non-promoters

1 TGACCAAT 0.341463 0.000000

2 RCCAATND 0.585366 0.022000

3 RRYCAATR 0.512195 0.009000

4 YTGRYCAA 0.390244 0.008000

5 CCAATRDN 0.487805 0.017000

6 CMMTGRSH 0.585366 0.035000

7 MYTKRCCW 0.439024 0.022000

8 CMHTSACY 0.390244 0.012000

9 WWTSAYTT 0.243902 0.018000

10 TNNYYTCA 0.390244 0.038000

… … … …

160 NYRCWTYT 0.317073 0.035000
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invariant oligonucleotide motifs with certain features
of relative location within promoter sequences.

If we take a simple complex system (

 

S

 

1

 

, 

 

S

 

2

 

) formed
by a pair of oligonucleotides, it may be presented as
follows:

 

(1)

 

where 

 

S

 

1

 

 and 

 

S

 

2

 

 are oligonucleotides in the object-fea-
ture table; Pos

 

(

 

S

 

1

 

)

 

 and Pos

 

(

 

S

 

2

 

)

 

 are positions of these
oligonucleotides within a sequence, Sign(

 

S

 

1

 

) and
Sign(

 

S

 

2

 

) are oligonucleotide signs showing that the
oligonucleotide is located in either direct (+) or com-
plementary (–) chain: 

 

z

 

1

 

, 

 

z

 

2

 

 

 

∈

 

 {+, –}.

According to (1), complex signal (

 

S

 

1

 

,

 

 

 

S

 

2

 

) is formed
by two signals 

 

S

 

1

 

 and 

 

S

 

2

 

, signal 

 

S

 

1

 

 located upstream of
signal 

 

S

 

2

 

 (

 

Pos

 

(

 

S

 

1

 

) < 

 

Pos

 

(

 

S

 

2

 

))

 

 and each of the two sig-
nals shows certain orientation (Sign

 

(

 

S

 

1

 

) = 

 

z

 

1

 

) &
(

 

Sign

 

(

 

S

 

2

 

) = 

 

z

 

2

 

).

The hypothesis about relation of the complex sig-
nal (

 

S

 

1

 

, 

 

S

 

2

 

) with the promoter class is written as the
following logical expression:

 

(2)

 

where 

 

R

 

 is a nucleotide sequence; Class

 

(

 

R

 

)

 

 is the num-
ber of the class containing this sequence (1, promoters
or 2, random sequences).

S1 S2,( ) (Pos S1( ) Pos S2( ) <=

& Sign S1( ) z1=( ) & Sign S2( ) z2=( ),

R S1∃ S2 S1 S2,( ) Class R( ) 1=( ) )⇒(,∀ ,

 

Hypothesis (2) states that any sequence 

 

R

 

 belongs
to promoter class (class 1) if it contains signals 

 

S

 

1

 

 and

 

S

 

2

 

, of location Pos

 

(

 

S

 

1

 

) < Pos(S2) and oriented similarly
with z1 and z2.

The block for trend search “Gene Discovery” tries
within the object-feature table all possible variations
of hypothesis (2) for complex signals (Si, Sj), where
i, j = 1, …N, N is a number of individual signals (oli-
gonucleotide motifs). Fisher’s test was used to esti-
mate significance of signal relation to certain object
class (class 1, promoter or class 2, non-promoter) for
each variation. Significance level by Fisher’s test may
be written as P(N1, N2, N3, N4):

where N1, N2 is number of promoters (class 1) and
non-promoters (class 2), respectively, containing sig-
nals S1, S2, which fit condition (1); N3, N4, number of
promoters and non-promoters, respectively, not fitting
condition (1).

Beside Fisher’s test, we estimated conditional
probability PC(N1, N2) = N1/(N1 + N2) of sequence
attribution to promoter class if this sequence contains
complex signal (S1, S2).

Class 1 Class 2

Condition (1) fit N1 N2

Condition (1) not fit N3 N4

Number of object in class N1 + N3 N2 + N4

Table 3.  Object-feature table describing oligonucleotide signals revealed in promoters of endocrine-system genes

No. of the sequence
in the set*

No. of the context 
signal

Sequence of
the context signal

Position of the site
start relative to the

transcription start point
Orientation** Class***

1 6 RGSNRGRG –65 1 1

1 6 RGSNRGRG –60 1 1

1 8 KGRSCNGR –100 –1 1

1 66 YTSCWGNW +13 –1 1

1 67 TCMAGNMN +13 1 1

… … … … … …

40 67 TCMAGNMN –65 –1 1

40 68 CTGNNCAN –79 1 1

40 68 CTGNNCAN –61 1 1

41 1 KNCMAGDG –51 1 2

41 10 CWGWGNCN –13 –1 2

… … … … … …

1040 56 HNNKGCTG –64 1 2

1040 56 HNNKGCTG –12 1 2

1040 64 NCWGGGNC –8 1 2

    * 1–40, promoters; 41–1040, random sequences of the same nucleotide composition. Only part of the whole data (16,300 rows) is shown.
Missing rows are marked with dots.

  ** 1, direct chain; –1, complementary chain.
*** 1, promoters; 2, non-promoters.
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Running the analysis of the object-feature table,
the system starts from the simplest complex signals
(S1, S2) and performs directed step-by-step search of
more complex signals, gradually increasing the com-
plexity by adding new individual signals. Therefore,
in general case we consider a complex signal as
(S1, S2, …, Sm) at m > 1, fitting the condition:

(3)

The tested hypothesis about relation of the signal
(S1, S2, …, Sm) with promoter class written using for-
mal logic language looks as follows:

(4)

where R is a nucleotide sequence; Class(R) is number
of the class containing this sequence (1, promoters; 2,
random sequences); m = 1, 2, …, number of signals
(oligonucleotides) considered within the tested
hypothesis.

New individual signals are added to the complex
signal when conditional probability PC(N1, N2) of
sequence attribution to promoter class strictly
increases and Fisher’s test P(N1, N2, N3, N4) shows sig-
nificance at <0.05.

This search results if formation of complete group

of the complex signals Q = {( , …, ), …, ( , …,

), …, ( , …, )} and relative promoter-attrib-
uted patterns characterizing interaction of a complex
signal with sequence class. Therefore, promoter j is
analyzed for subset of complex signals Qj ⊂ Q, which
belongs to it.

RESULTS AND DISCUSSION

We used “Gene Discovery” to analyze tables of
data related to promoters testing hypotheses (2)–(4).
The program applied to promoters of erythroid-spe-
cific genes and endocrine-system genes detected
numerous complex signals, the number of which
(from dozens to dozen thousand) varied depending on
critical value selected for the Fisher’s test.

At the last step we selected complex signals to fit
the following additional conditions: (1) the individual
signals forming a complex signals do not overlap in
the sequences of studied promoters; (2) the recorded
number of complex-signal-containing promoters N is
higher than N* expected for random distribution:
N > N*.

Pos S1( ) Pos S2( )<(( ) & Pos S2( )(
< Pos S3( ) ) & … & Pos Sm 1–( ) Pos Sm( )<( )

& Sign S1( ) z1=( ) & Sign( S2( )
=  z2 ) & … &  Sign Sm( ) zm=( ).

R S1∃ S2 … Sm,, S1 S2 … Sm,, ,( )(,∀  
⇒  Class R( ) 1 )= ,

S1
1 Sm1

1 S1
i

Smi
i S1

n Smn
n

The expected number N* was estimated multiply-
ing the frequencies of single nucleotides in promoters
by total number of promoters, considering number of
variations in mutual oligonucleotide location within
promoter sequence. For example, expected number of
promoters N* with complex signal (S1, S2, S3|Pos(S1) <
Pos(S2) < Pos(S3)), is calculated as:

where N* is the expected number of promoters; P(S1),
P(S2), P(S3) frequencies of promoters containing oli-
gonucleotides S1, S2, and S3, respectively; M, total
number of promoters in the analyzed set; 6 = 3! The
number of possible variations of relative location of
three oligonucleotides within a promoter.

Examples of the complex signals fitting these con-
ditions and specific for endocrine-system gene pro-
moters and for erythroid-specific promoters are shown
in Tables 4 and 5. For example, signal CWGNRGCN <
NGSYMTAM < MAGKSHCN in endocrine-system
gene promoters has N* = 0.47, i.e. less than 1, while
this signal is found in 6 promoters, being about
13 times more frequent than in case of random distri-
bution (see Table 4). Signal DNMYTTSA <
DNYAADGG < RCAGMMDY in erythroid-specific
gene promoters has N* = 0.54, and was found in 8 pro-
moters showing frequency about 14 times higher that
expected for random distribution (see Table 5).

It appeared interesting to study the patterns of
complex signal location within the promoters. As an
example, Fig. 2 shown location of the complex signal
CWGNRGCN < NGSYMTAM < MAGKSHCN
(Table 4) in promoters of the endocrine-system genes.
This signals was detected in six promoters in the
region from –100 to +20 bp counting from the tran-
scription start point: 9, 12, 22, 25, 32, 37 (ID EMBL:
M26856, M73820, U02293, J00749, J03071, K01877,
respectively). This complex signal is located in the
region from –95 to –7 bp counting from the transcrip-
tion start point: (we mark position of the first nucle-
otide of the motif). Position of the TATA box indicated
in TRRD is marked with dashed rectangles One may
note that the second oligonucleotide motif coincides
with the TATA-box region. Moreover, Fig. 2 shows
that in promoters 12, 25, and 37 the distance between
second and third oligonucleotides is 42–51 and 12–26 bp,
respectively. These oligonucleotides are also closely
located in promoters 22 and 32 (63–65 and 9 bp). In 9,
these distances are 12 and 17 bp, respectively.

Figure 3 shows an example of complex signal
DNMYTTSA < DNYAADGG < RCAGMMDY loca-
tion in 8 sequences of erythroid-specific gene promot-
ers (numbers in the set 8–11, 14, 16, 17, 25, and 39).
In this case one may also see common distances
between individual signals. In promoters 8 and 10 the
distance between first and second, second and third
oligonucleotides of the complex signal is 16 and

N* P S1( )P S2( )P S3( )M/6,=
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25−26 bp, respectively. In promoters 17, 14, 25 and
39 these distances are 21–33 and 50 bp, respectively
(see Fig. 3)

In conclusion, computer-assisted system “Gene
Discovery” developed by us allows detection of indi-
vidually essential motifs (varying quasi-invariant oli-

Table 4.  Examples of complex signals in promoters of endocrine-system genes

No. Complex signal1 Conditional 
probability2 Fisher’s test3

Number
of promoters

containing the
signal4

Number of pro-
moters expected 

from random 
distribution5

1 CWGNRGCN<NGSYMTAM<CAGGRNCH 0.875 0.00054 4 0.24 (<1)

2 KGRSSAGR<CYCYNSCY<CWGSNYCH 1.0 0.00012 4 0.28 (<1)

3 CWGNRGCN<NGSYMTAM<MAGKSHCN 1.0 0.00009 6 0.47 (<1)

4 CWGNRGCN<NGSYMTAM<CMDGGNCH 0.846 0.00099 5 0.43 (<1)

5 CNKSAGNT<NCARGRNC<HNNKGCTG 1.0 0.01426 4 0.37 (<1)

6 RNWGGCCN<DGRGNRGG<TCMAGNMN 0.875 0.00118 4 0.40 (<1)

7 RGSNRGRG<NNGSTWTA<CNCNRKGC 1.0 0.02852 5 0.53 (<1)

8 NNGSTWTA<NMAGDGMC<CNCNRKGC 0.875 0.04755 5 0.53 (<1)

9 RGSNRGRG<NNGSTWTA<CMDGGNCH 1.0 0.03964 5 0.55 (<1)

10 RGSNRGRG<KGGNSAGD<ANCTSMNG 1.0 0.03964 4 0.45 (<1)

… … … … … …

45 RGSNRGRG<NGSYMTAM<CNCNRKGC 1.0 0.03964 5 0.58 (<1)

Note: Only part of the whole dataset of large volume is shown. Missing rows are marked with dots.
1 Complex signal is formed by oligonucleotides in 15-letter code linearly positioned within the sequence as written. “<” means that

position number of the first oligonucleotide relative to the transcription start point is lower than that of the second. The distance
between individual oligos is not fixed.

2 Conditional probability PC(N1, N2) is calculated as a ratio of number of promoters containing the signals N1 and total number of
sequences containing the signal N1/(N1 + N2).

3 Fisher’s test is used to estimate probability to randomly obtain the signal in more promoters than observed, it is calculated for tables
P(N1, N2, N3, N4).

4 Number of promoters in the learning set containing the signal.
5 Number of promoters containing the signal expected from random distribution. It is calculated assuming independence of oligonu-

cleotides as total number of promoters multiplied by oligonucleotide frequency in promoters considering variations in their relative
positioning.

Table 5.  Examples of complex signals in promoters of erythroid-specific genes*

No. Complex signal Conditional 
probability Fisher’s test

Number
of promoters con-
taining the signal

Number of promo-
ters expected from 
random distribution

1 DNMYTTSA<DNYAADGG<RCAGMMDY 1.0 0.00201 8 0.54

2 DNMYTTSA<DNYAADGG<WKCWSANA 1.0 0.00201 8 0.58

3 ATNDNYTC<RAANNMAW<BYNNCACA 1.0 0.00020 9 0.66

4 DNMYTTSA<RAANNMAW<BYNNCACA 1.0 0.00099 10 0.74

5 ATNDNYTC<WGNRNCWG<NTGYWTNT 1.0 0.01426 11 0.82

6 ANYYTTGN<ATNDNYTC<CWGNYNCW 1.0 0.00118 8 0.6

7 ATNDNYTC<DSDGVWSA<TGANRCWK 1.0 0.02852 10 0.76

8 ATNDNYTC<NVDGNATA<NABHTGCT 1.0 0.04755 10 0.76

9 DNMYTTSA<DNYAADGG<RAANNMAW 1.0 0.03964 8 0.61

10 ATNDNYTC<GDSCCWGN<BYNNCACA 1.0 0.03964 9 0.69

… … … … … …

357 TNNYYTCA<RAANNMAW<BYNNCACA 1.0 0.03964 9 0.7

* Structure as in Table 4.
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gonucleotides) and of complex signals. Our analysis
has shown that high content of these signals is com-
mon for promoters of endocrine-system genes and of
erythroid-specific genes. Similar location of these sig-
nals within subgroups of specific promoters suggests
their functional importance (see Figs. 2 and 3). More-
over, as mentioned above, complex signals may have
similar distance between individual motifs. At the

same time, analyzed promoter sequences no strong
homology.

Individual motifs may correspond with transcrip-
tion factor binding sites. In early works on promoter
recognition and analysis it was already shown that,
compared with random sequences, they are enriched
with potential sites of transcription factor binding
[17]. Individual motifs may also correspond with the
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Fig. 2. Location of the complex signal CWGNRGCN < NGSYMTAM < MAGKSHCN in promoters of the endocrine-system genes.
Promoter sequences are phased relative to the transcription start (position +1), shown with arrow. The number of promoter is shown
on the left in parentheses. The 8-bp oligonucleotide motifs forming the complex signal are shown as black rectangles, position of
the first nucleotide relative to the transcription start point is marked. Gray rectangles show position of the TATA box indexed in
TRRD. Positions of the first and the last nucleotide of the TATA box are shown in italics.

Fig. 3. Location of the complex signal DNMYTTSA < DNYAADGG < RCAGMMDY in eight sequences of erythroid-specific gene
promoters. Designations as in Fig. 2. 
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DNA sites responsible for specific conformational of
physical and chemical properties: increased DNA
curving, low-melting, etc. essential for promoter func-
tioning.

Some interesting points concerning complex sig-
nals should be mentioned. First, some works [10, 18]
have shown specific patterns of potential transcription
factor-binding sites: different sites were mainly
located in different promoter regions. Therefore, the
observed complex signals may reflect location of dif-
ferent sites in certain promoter regions. This consider-
ation [10] allowed better recognition of promoters.
Importance of positioning for studying context fea-
tures was also proved by Zang [3]. Levitsky and
coworkers [19] (see also Levitsky and Katokhin, this
issue) revealed promoter separation in local regions of
common dinucleotide composition. These regions
were shown to possess certain conformational or
physicochemical properties. We suggest that complex
signals may be either of context or context-conforma-
tion nature in relation with context specificity in cer-
tain promoter regions or with local patterns of DNA
conformation essential for specific functions of the
gene promoters.

Second, recently attention was drawn to analysis of
a special type of regulatory elements controlling tran-
scription, CE [20]. They are formed by paired tran-
scription factor binding sites (overlapping, adjacent or
located at a fixed distance) which show new regula-
tory properties because of protein-protein interactions
between the respective transcription factors. Each of
the sites within a CE is able to function independently,
but their interaction provides considerably stronger
activating or repressing effect on gene transcription.
To date, more than 150 CE have been revealed exper-
imentally [20] (see also http://compel.bionet.nsc.ru/).
The study of the patterns of joint occurrence and rela-
tive location of the sites using the system “Gene Dis-
covery” opens a way to create computer-assisted pro-
cedures to search for potential CE. We suppose that
detection and analysis of complex signals should
allow considerable increase in efficiency of specific
promoter group recognition in future.

Recognition of promoters basing on the signals
detected using our system “Gene Discovery” will be
described elsewhere.
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