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There are essentially four major approaches to multiple  
sequence alignment:  

1. Optimal global sequence alignment . It is NP-complete problem. 

2. Progressive global alignment  

3. Block-based global alignment  

4. Motif-based local alignment  

Methods 2-5 don’t work for sequences which have more 1.5 mutation per 
amino acid.  

5. Markov models   
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Algorithm  

• How we can find the multiple alignment if  the 
sequences have big number of mutations 
(more than 1.5 per amino acid or nucleotide)?  

• Statistical important pairwise alignments, 
common “seeds” and “words” are absent. 
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Position Weight Matrix (PWM) 

Sequence A   1234512345123451234512345… 

Sequence B   MAHMVRASSGLSYPERFYAAASYVL… 

  

 

1 2 3 4 5 

A  1.2 -2.3  3.1 -1.0 

F -1.2  2.2  2.5 -0.8 

K  1.8 -0.9  0.1  3.3 

M  2.3  3.9 -0.8  1.8 

… … … … … 

Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5 

MAHMV 

RASSG 

LSYPE 

RFYAA 

ASYVL 

Multi alignment 

Task: to find PWM which describes multi alignment of analyzed sequences by 
west way.  



Algorithm for search latent periodicity with 
indels 

• Main idea: 

• Generate the set of the random position 
weights matrixes (PWM) 

• Calculate the alignment of the sequence with 
PWM’s 

• Improve the matrixes by genetic algorithm 
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1 Creation of the set of random PWM’s. Each PWM 
corresponds to some set of  multi alignments. 
 

2 Union of all sequences in a single sequence one after 
another 
 

3 Global alignment of united sequence with each random 
PWM. 
 

4 Optimization of PWM by the genetic algorithm.  
       
5   Selection of PWM with  maximum of  similarity function 

F 
 
 

Algorithm  
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Sequence 1 Sequence 2 Sequence 3 Sequence N ….. 
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where f(j)=1/n; p(i)=n(i)/N, n(i)-  number of  aa 
i in sequence A, N –  length of sequence A, n – 
length of period.  

Creation of the set of random PWM’s 

Space 20n 
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Improving the matrixes by genetic algorithms 

Volume of PWM 
population is 500 
matrixes for each n. 
n – period length 

Goal is to increase 
the            . 

maxF
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Types of tandem repeats 

1. Perfect periods 

GCAT GCAT GCAT GCAT GCAT… 
 
GCAT  
GСAT  
GCAT  
GCAT  
GCAT 

 

 2. Periods with  indels and changes of the 
symbols 
GGAT GCAG *CAT  GCGT G*AT… 
 
GGAT  
GCAG  
*CAT   
GCGT 
G*AT 

There are  1.0  or less 
changes  per symbol 

There are  no changes  
per symbol 



38 

3. Latent periods without indels 
GCAT CGAC TACT AGGT GGTA… 
 
GCAT 
CGAC 
TACT 
AGGT 
GGTA… 

4. Latent periods with indels 
G*AT CGAC TA*T AGGT GG*A… 
 
G*AT 
CGAC 
TA*T 
AGGT 
GG*A… 

 

There are  1.0  or more changes  
per symbol 

There are  1.0  or more changes  
per symbol 

Types of tandem repeats 
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Methods applied for periodicity search 

1. The dynamic  
programming 

 

 

1. Spectral Approach 
(Fourier transform, 
Information 
Decomposition,…) 

 

 

 

1. ? 

Latent 
periods 

(3,4) 

Periods 
without 
indels 
(2,4) 

 Periods with 
indels and 
changes  

(1,2) 

Latent periods 
(3) 

Latent periods Indels + 
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Type periodicity which we are searching 

CATTG GACCA CCTTA A GGT     G TTCCG 

Latent 
period 

Insertion 

G 

Change 



Test sequence (actgattcgagctagtaacgggct)30   with 1.5   random 
mutation per nucleotide. 
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Regions with periodicity in C.elegans genome 

About 12% genome 
have periodicity of 
different length 

25360 regions having a 
periodicity with length of 2 
to 50 bases  
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Influence of base changes on mFmax(20) for sequences 400 and 600 base 
pairs. X is the number of base changes per 1 nucleotide. The period length 
equals to 20 b.p. 
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Comparison of developed algorithm with the program T-REKs (Jorda & 
Kajava 2009). ID shows the part of periodicities regions which can find the 
T-REKs. We can assume that the results are the same if the T-REKs detects 
at least 50% of the number of periods and the period length differs not by 
more than one base. 
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mFmax(n) spectrum for fragment of the sequence NC_003279.8 from 
chromosome 1 of the C.elegans genome. The coordinates of fragment are: 

887101-887688. 
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23412341234123412341234123412341**234123412341234123412341234123412341234123412341234123412341234 

ACCTGCATGCTTTCCTACCTATTCGCATACTTAGGCGTACCTACC*ACAAGCTTAGCTACCTACAAAACTGCCTTC*TGCCAACCTGCATGACTGCG 

1234123412341234123412341234123412341234123412341234123412341234123412341234123412341234123412341 

TACCTTTTCGCCTGCTTAGGTGCCTACC*ACAAGCCTCCCT*TTTGTCGATATTCCTACGCGCCTATG*GCATACCTACATGCCTACTTGTTTGAGT 

234123412*3412341234123412341**23412341**234123412341234**12341234123*412341*2341234123*412341234 

CGATACATATCATGCCTACGCGCCTACCTTGGCCTACCTTGGCCTACAATCCTGAAATTGCACTTTTCCTGTGCCTAGCTTGTACACTATACTTA** 

1234123412341234123412341234123412341234123412341234123412341234123412341234123412341234123412341 

TGCCTGCCT**TTACGCGCCTTC*TCCGCGCTTATCTGCCTACAAGCATACCTTC*TGCCTCCTTGCATGCCTACATACCTATTAGCCTGCTTAC** 

2341234123412341234123412341234123412341234123412341234123412341234123412341234123412341234123412 

GCGAACCTACC*ACAAGCCTAGCTGCCTACAAACCTCCCTTC*TGCCTATATGCCTACGCACCTAACT*CCTGCCTGCCTATACGTCTACCT*CATG 

3412341234123412341234123412341234123412341234123412341234123412341234123412341*23412341234123412 

C*TGAAAACAGACCTGCCT*TGTACCTACCTATGCGCCTACCTA*AGATTTGCCT*CCTACGTGCCTGGCTGCCTATTTTGCCTATAGGCATTACTG 

341234123412341234123412341 

TCAGTGCGTCTACCCAGA*GCCTACCT 

Alignment of sequences S1 and S for the fragment of sequences NC_003279.8 from 

chromosome 1 of the C.elegans genome.  The coordinates of fragment are: 887101-

887688.  
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 ∑Fmax for the chromosome 1 of the genome C.elegans . x is the 
position in the chromosome. ∑Fmax is the sum of mFmax for all 
sequences with periodicity which are found in the region with 
coordinates form (x-1)/105 to x/105. 
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http://victoria.biengi.ac.ru/cgi-bin/indelper/index.cgi 

Database of periodic DNA regions in major genomes 
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K N I M T R S L Y F 
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Coding of the sequence s(i)=x2(i)-x1(i) for Euro/US$ 
rates 

x2(i) -end of the candle (occurs at 
the end of each hour) 

x1(i) -beginning of the candle 
(occurs at the beginning of each 
hour) 
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Z(n) for  Eur/US$ for candle equal to 1 hour  

Period equals to 24 hours was found for last 20 days. We have same  period for another intervals.  
Alignment  contains  46 indels of different size.  
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1  2  3 4 5 6 7 8 9 10 11 12 

   K    2.2  2.5  1.9  0.1  1.9  2.4  2.4  2.5 -3.5  1.3 -0.5 -1.7 

   N    2.6 -1.5  1.4 -2.0  1.7  0.9  0.9  1.7  2.4  1.8  2.1 -3.8 

   I    1.6  0.7 -1.1  2.0  2.2 -1.1  0.7  1.3  2.1 -0.5 -1.1  0.1 

   M   -0.6 -0.6 -0.6 -2.4  0.0  0.6  1.2  1.2 -2.4  0.6  2.1 -0.6 

   T   -0.6 -1.8  1.3  0.7 -1.8  1.6 -3.6 -3.0 -2.4  0.7  2.0 -1.8 

   R   -2.9  0.9 -2.2 -1.6  0.9  1.5  0.2 -0.4  1.7  1.8 -1.6 -1.0 

   S   -1.8  1.8 -0.6 -2.4 -1.2 -3.0 -0.6 -2.4 -1.8 -1.8  0.6  1.2 

   L   -2.3 -2.3 -1.7  0.7 -1.1 -1.7 -0.5 -1.1 -3.5 -0.5  2.1  0.1 

   Y    0.4 -3.4  1.9 -1.5 -0.9 -3.4 -2.7 -3.4 -2.1 -2.1  0.4 -0.9 

   F   -2.2  1.0 -2.8 -1.5 -2.8 -2.2 -0.9 -2.2 -2.2 -3.4 -2.8  0.3 

   C    0.9  1.5 -0.3 -4.1 -1.6 -3.4 -2.8 -2.2 -1.0 -0.3  1.5 -3.4 

   W   -3.4 -1.6 -0.3 -1.6 -1.6 -1.6 -2.8 -2.8 -2.8 -1.6  0.3 -1.0 

   P   -2.9 -1.6 -2.3  0.2 -1.6 -0.4 -4.1 -1.0  1.4  0.2 -2.3 -2.3 

   H    0.3 -0.3 -3.4  1.9 -1.0 -1.6 -3.4  1.5 -1.6 -0.3 -2.8 -2.2 

   Q   -1.2 -1.2  1.8 -0.6 -3.6  0.6 -4.2 -1.8  2.0 -3.6 -3.0  2.1 

   V   -2.3 -0.5  1.6 -1.7 -2.3 -2.3 -1.7 -1.7  0.1 -1.7 -4.1  2.2 

   A    1.3  0.7 -1.8  1.6  1.9 -1.2  1.8  1.8 -2.4 -1.2 -2.4  2.3 

   D    0.4 -0.1  0.4  1.0 -1.9  2.1 -0.1 -1.9  2.0 -1.3  1.0  1.0 

   E   -1.6  0.2  1.5 -0.4  0.9 -1.0  2.5  2.2 -2.9  2.5 -2.9 -0.4 

   G    0.7 -1.7  0.7  2.5  2.2  2.2  2.2 -0.5  2.2  1.6  1.4 -1.1 

Fragment of the  PWM  for n=24 hours from 1-12 
position of period 



52 

n

0 20 40 60 80 100

Z

0

2

4

6

8

10

12

14

Z(n) for  Eur/US$ for candle equal to 30 minutes  

n – length of period 
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Z(n) for  Eur/US$ for candle equal to 4 hours  

n – length of period 
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Fourier transform for  Eur/US$ for candle 
equal to 1 hour  
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Phase shift of period equal to 24 hours  

K-  position of PWM which 
corresponds to the first 

candle of each day (0.00-
1.00 hour) 



Classification periods equal to 24 hours 
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• J=     1                  WMLPA........VK.IA.MMKNAENWD.AWL.MRG 

• J=     2                  PFQTQ........KR.GN.RNGLKLMDG.VWT.FQI 

• J=     3                  PRRQW........KQ.MD.NWKWKMKND.RRM.MNG 

• J=     4                  VTLVE........AE.LM.WALVVRMAW.FKA.NFD 

• J=     5                  RMTAQ........MN.LP.KGDIEGNFE.PFL.RGL 

• J=     6                  FWNIQ........NM.AR.DGAKQKAMW.LLT.FIP 

• J=     7                  VRWFA........GG.ET.NGGRGWMGV.RFT.MLI 

• J=     8                  WWWAN........AK.WA.GKMIPIVIP.WPQ.DMW 

• J=     9                  QTFWM........DE.RK.INFPEALIM.EFF.WML 

• J=    10                  QAPLD........KF.NK.VWGANRPID.VPK.PQV 

• J=    11                  LMLEW........FG.MV.KKQGKGTRL.MDF.RWN 

• J=    12                  VTFTE........KT.KG.NKFNNKVRF.RDP.FTQ 

• J=    13                  IPTTN........EE.KI.GKNKTGVLK.WWQ.FFL 

• J=    14                  FVMPE........KG.EP.MKPNGVMWG.RTW.TPN 

• J=    15                  MMWEE........IK.AD.MDTIFRGFT.LVT.VWA 

• J=    16                  MIWFI........VE.TI.DVNVGKGQL.QMV.LCL 

• J=    17                  QKCIA........AQ.LP.NKGEMQRII.VRP.PRQ 

• J=    18                  LRLMR........WK.VM.VRGIGMDFE.MQA.TVQ 

• J=    19                  FRRRV........GD.KL.LDRLGTLLF.ALF.PGI 

• J=    20                  PWWTT........PE.TW.IGKLGKLNR.PSS.LFF 

• J=    21                  IFLAE........KQ.DM.KFQMGVIEF.LFF.I.E 

• J=    22                  DEPTW........EL.VG.NIDFFTQPV.LDL.FSQ 

• J=    23                  PTLVL........LG.NI.QGSKIFPAQ.QVW.NQP 

• J=    24                  GNTLT........DN.SF.EMTPWSQND.FFQ.TLT 

• J=    25                  WEWWT........SD.AQ.WFPGGNDTW.WPF.PLA 

• J=    26                  PTIAF........MQ.TI.TWMQELENI.SNF.FTE 

• J=    27                  ADAQS........TK.KV.NQDEWTKED.GWS.PFT 

• J=    28                  WPTFS........VM.TD.NSAAGSKGD.QWP.ALQ 

• J=    29                  NAFPF........VM.GE.TKNTNGGIP.TSW.LWT 

• J=    30                  WPFFF........EA.PN.ENDAPKGQN.WTD.QFF 

• J=    31                  LLLLS........AL.QS.FSNNKKWVW.EQL.STD 

• J=    32                  DMSSQ........LN.KN.QDMGGTGNR.PSW.FLQ 
57 

Multiple alignment periods equal to 24 hours 



The spectrum of Z(n) obtained for the stock of Bank of America. 

Trading Time - 7 
hours every day 



The spectrum of Z(n) obtained for the stock of Microsoft corp. 

Trading Time - 7 
hours every day 



 The spectrum of Z(n) obtained for the S&P500. 

Trading Time - 8 
hours every day 



The spectrum of Z(n) obtained for the NASDAG. 
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Trading Time - 8 
hours every day 



The spectrum of Z(n) obtained for the Gold price. 

Trading Time - 23 hours 
every day 



 The spectrum of Z(n) obtained for the Silver price. 

Trading Time - 23 hours 
every day 





        C.........TCCCAT.T.GG.T.G.G.C...A.G.C.C.AG.T.G.C.C.A..C..C....A.T.G.C..GC..G.C.T..C...A....GT..G..TAAGTATCATTCCCTCTCACTGTCCTGGAGAGGACGAGAATT 

        ........TGTCCGTA.T.CA.T.A.T.T...A.G.G.C.GC.T.G.T.A.T..G..A....C.A.A.T..CT..C.C.A..T...T....C...G..TAAGTACCTCTTGGTCATTTGGACACATTGTAGATTAGTCCT 

        ........GCCGAGAA.C.TC.C.G.C.T...C.G.T.T.CT.G.T.G.C.G..T..T....C.T.C.C..TG..T.C.C..C...A....G...G..TAGGGAAGAGGGGCTGCCGGGCGCGCTCTGCGCCCCGTTTCT 

        ......CAGCCAGCTG.A.AT.T.C.A.T...T.G.A.G.GA.C.C.A.G.......T....C.A.A.T..TC..T.A.A..A...C....T...G..TAAGCAATGTCACTCAAAGATGCTTTTAGACTCTTCTCATAT 

        ......CGTGATTGTC.G.GG.G.G.G.A...A.A.G.A.CA.T.C.C.A.G..G..G....C.T.C.C..T.....T.G..C...A....G...G..TAACACATCTGTTTGAGATAACTTGGGTTCAAGGAGGACATT 

        ........AGAGAATC.A.GA.G.A.C.A...G.C.C.T.TT.C.C.C.A.A..G..A....G.A.T.G..TT..G.G.C..A...A....G...G..TAAGTCAGACAAACAGCAAATGACAAAAACATGTTTTTATGT 

        .......GACACGGAC.C.TT.G.G.A.C...A.G.A.G.AA.G.T.A.A.T..C..G....C.T.G.T..TT..A.T.C..A...A....G......TGAGTACCCCTCTCCCATGCCCACCCTGTGCGCAGAAATGTT 

        .......GGCCCCTAC.A.TC.G.G.C.C...A.C.G.T.CA.T.G.G.A.A..G..G....G.T...C..AC..C.C.A..C...A....G...G..TATGTCACATTGGCTTACCTTTAGCGTAATGGCTTGGAAAGT 

        .........CATTGTC.ACTG.T.T.G.T...G.T.C.A.CC.T.G.C.G.C..T..G....C.T.G.G..AC..C.G.A..G...A....G...G..TGAGCTGAAAAGAATACCACTTTCTTTTTCACGAGAATAGAT 

        ........TGACAAAA.A.TG.A.T.C.A...C.T.C.A.CC.A.A.A.A.T..T..C....A.C.C.A..AG..A.A.A..G...A....G...G..TAAACCCCTGTGCCAAACACCAACCACCACTGTGGTCACAGT 

        ........CAACCCTC.A.AA.C.C.A.A...C.G.A.A.GG.G.A.T.G.C..T..T....T.C.T.G..TT..G.T.C..A...A....A...G..TAAGGGTGCTTCCAATTGCCTCTTTCTCCTCATGCGAGCACT 

        ..........ATGCCA.C.GG.A.C.C.C...C.G.A.C.TC.C.C.T.G.C..A..G....C.A.T.C..AA..A.C.C..ATC.A....G...G..TGGGTGAGTGGCTCCGGAACCACAGACGGGAGGTGGGCAGGT 

        ........AACAGCGT.G.TA.C.A.C.T...G.C.T.C.TC.T.T.C.C.T..G..G....C.A.A.T..TG..A.C.A..G...T....G...G..TGAGTACTTGACAAAGACCATCAAGGGTATACTTTTCTGCTT 

        ........GCTGTTCC.T.GA.T.A.A.A...GTC.T.G.GA.A.G.A.T.C..T..C....C.A.A.G..AT..C.A.A..C...A....G......TAAGTCTGGCTAAAGCATTTCTACCTATTCTTCCAGCTTTCT 

        .......CTGCCCTCA.G.TC.C.T.G.C...T.C.C.T.CA.G.C.C.T.C..T..T....C.A.G.C..TT..A.G.C..T...T....G......TAAGTTGACCTAACTCCAATGCATGCACAAACAGGAAATTGT 

        ..........CTGTCC.C.CG.G.A.T.G...G.C.C.G.CC.T.C.G.C.T..A..T....C.A.T.CGTCG..A.T.G..A...A....G...G..TACTTGCCCTTGATGTGGGCGGGTACTGAGGGGACCAGTGAT 

        .......TTCATGAGC.T.GC.C.A.G.A...G.T.T.T.AA.C.C.T.C.A..T..C....C.A...C..TC..C.C.T..G...A....G...G..TAAGCCTTTGCTCGCAGTGGGGTGTGGTTTTATGCACTCACT 

        .......ATCAATAGC.T.CG.G.G.G.G...A.C.T.G.GA.T.T.G.C.T..T..T....T.G.G.C..TG..T...T..C...A....G...G..TTTGTCCCCCGCCTGGGTGGTAGAGATGGACTCCCCATTAGT 

        ........CGACGGAC.A.GT.A.C.A.T...C.G.T.G.AC.T.G.G.C.G..G..G....G.A.C.G..AC..G.G.C..A...A....G...G..TAGGCTCCTGTCCCCGTCCCGTTGGCCTCTGTGCCTGGGGGT 

        .........GTTCGAG.A.TC.T.C.T.T...G.C.A.A.CC.T.G.T.C.T..TT.G....G.A.C.G..CC..A.T.G..G...A....G...G..TGAGCCGCCAGCGCGGGGCCGGATGGATGTTGCTTCCAATGT 

        ........AGAAGAGC.A.TC.C.A.G.C...G.G.C.A.CC.T.G.G.A.C..G..A....C.C.T.G..TC..G.A.A..A...C....T...G..TACGTGTGGGTGCAGGGCCTGGGGGTGGGTGGGGTGCACGGT 

        ......CTGCCATCTT.T.CC.A.G.G.A...G.G.C.T.TT.G.G.A.G.C..G..G....C.T.A.A..AA..A......C...C....T...G..TGCGTATTTGAGCTCCAAGGTCTTCCGCTTTCCATGTGGAGT 

        .......CCGGTGATC.T.AC.A.C.C.A...T.G.G.A.GA.A.C.A.A.G..C..C....C.A.T.C...G..T.C.A..C...C....T...G..TGAGTGCCCGGAGGCGGGGAGGGCGCGGCGGTCGTTGGGCGT 

        .......TCTCTCAGC.A.GC.T.T.C.C...A.A.G.A.GA.A.C.C.A.A..T..G....G.A.A.T..GG..A.G....A...A....G...G..TATGAGTTGTGTGTTTTTTGGCTGTATCCCTCTCTTCATTTT 

        ........CACGTTTC.C.CT.T.C.C.T...C.C.A.T.AT.T.T.A.C.T..G..G....A.C.A.G..AG..T.G.C..T...G....T...G..TGAGTACCAGCAGGGGAAGAGGATGCGCGGTGGGATGGGGTT 

        .......GCCCTCTTC.T.CT.C.A.G.T...A.T.G.T.GG.T.C.A.A.C..T..T....C.G.G.G..GC..C.G.G..G........G...G..TGAGTAGTGGCACTTCAGTAACGCATGCTTTTCTTAGTGTGT 

        ........GCTGCTGC.A.CA.A.C.T.G...C.G.T.G.CA.G.G.A.A.C..T..G....A.A.G.C..TC..T.T.A..G...A....A...G..TGAGTCGGCTGTTTTCCCAATTTACCCGTTTCTTGATTGTTT 

        ......CAGGCGGAG..A.GC.A.G.G.G...C.T.G.T.GG.T.C.T.A.C..T..C....C.A.A.C..AC....G.A..G...A....G...G..TGAGGTGCCGCCCACCCAGGCCCAAGGAGGATGCCCACCTTT 

        ......ACAGAGAACT.G.GC.C.G.C.T...G.C.A.T.GG.T.T.A.C.C..A.......C.A.G.A..CC..A.C.A..A...A....G......TGAGTAGGGACAGTGGAGGAGCTTAGCTTGTGGGGCGTCCGT 

        ........AAAGCCGT.A.TA.C.T.T.A...T.G.A.A.TT.T.A.A.A.G..T..G....G.A.A.A..AT..T.T.T..T...T....T...G..TAAGTGATGTATTATTTTGGGAGGGTGGGGGTGAAAAAATGT 

        ........GAATCTGA.T.GA.G.C.A.T...T.T.T.T.CG.A.C.A.A.A..G..C....T.T.A.T..GT..A.T.G..A...A....G...G..TAGGTGGTCTCGAACCCATGGGCTCAAGCAGTCCTCCCGCCT 

        ........GGGACTTT.A.CC.T.T.C.T...C.A.T.A.CT.T.T.G.T.T..A..G....A.A.A.A..GC..C.A.C..C...A....G...G..TAAGAAGAGGACCCACGGAAGACCCGGGGCTGATTTCTCTCT 

        .....AGCGCTTGGTG.A.GC.C.C.T.T...G...A.A.CA.T.C.A......A..A....G.A.T.G..CA..T.A.T..G...A....G...G..TAAACAGGGGAGCATGAGAGCAGGACCAGTGCTGGGGAGGGT 

        ......AAGCATTCTT.T.G....T.A.T...G.C.C.A.AT.T.A.A.G.A..A..T....C.A.T.A..GG..G.A.A..G...A....G...G..TAGCCAATTTTCCATTTTATAAAAGGTCATTGGAAATATTTT 

        .......ATCAGGAAA.C.GG.T.G.G.G...A.C.A.T.TT.A.C.T.G.A..A..A....A.A.G.A..TG..A...A..A...A....G...G..TACCAAAACTTGTGTCAGACATGAGCCAATTTAGGAAGATGT 

        ........GCTCTATG.A.GA.C.T.T.C...A.C.T.G.CT.G.G.A.G.A..A..C....A.A.G.A..GA..A.A.T..C...A....G...G..TCAGTCTGATTACTAAAGAAAGTGCATAGAAATACTTTTTAT 

        ........GCAGAAAT.G.CA.C.C.A.T...T.T.T.C.AT.A.G.T.G.G..A..T....G.A.A.G..AT..T.G.C..T...C....C...G..TGAGTACAGAGTATGACTTTTTTATTTTTAGAAGACAGACAT 

        .........AGTGTGA.G.GA.A.T.T.A...G.A.A.A.AA.T.C.A.T.C..T..G....A.T.A.CA.TT..A.A.C..A...A....G...G..TAAAAGCACGTATTCTCTACTTGTCTTTATCACATGATATAT 

        .......TATCCCAGA.T.GT.C.A.G.T...A.A.G.G.AT.A.A.A.A.G..A..T....T.T.C.C..CT..G.G.A..C...A....G......TAAGTAACCCAATTTTAGACTTGAAGCTAGAAGGCTGTTTTT 

        ........TGTACACC.T.AT.A.A.A.A...A.A.T.G.GA.A.A.G.A.A..G..A....A.T.A.A..AG..T.T.A..T...A....G...G..TAAAACCTTTCCTTTAACCTATACTCTAAACTTATTTTTAAT 

        .......AGCAGCAG..A.GG.A.A.G.A...A.A.C.A.AG.A.G.A.G.C..T..A....C.A.G.T..CG..T.T.A..G...C....G...G..TAATTATCCTCTTTCTTTTTAAAAATTACTAATTACAGACAT 

        ........TGACCTCA.A.CC.T.T.G.T...G.C.A.G.AA.C.T.T.C.C..A..G....A.T.G.A..AA..C.A.T..G...A....G...G..TAGGAATGCAGCAACATCCTTTGGAAAAGTCTATGTGTATGT 

        ........TCAGTGCA.T.GT.T.T.G.C...T.G.C.T.CT.A.A.A.A.G..C..A....G.G.C.A..AA..A.T.T..C...A....G...G..TACTTTTTAGAGCCATTCATATATCTAATACATTTTGTTGCT 

        .......ATTTGGATC.A.CC.G.T.G.G...T.G.T.G.AA.T...A.A.C..T..C....T.T.A.C..AT..A.C.A..G...C....G...G..TAAGACTTTCCCAGTAAAGCAAGAAAATGTTTTCTTTTAATT 

        ........CCATCATT.T.TG.A.C.C.A...G.T.G.C.CT.G.A.T.G.A..T..T....C.T.T.A..AT..A.G.T..C...C....A...G..TAAGTACCTAATTTATTGTTGTGGAATTTTAAAAGAGAGCTT 

        .......AGCAAGCTA.T.TT.T.A.G.C...T.A.C.A.GA.C.C.T.A.G..C..A....C.T.G.T..AC..A.T.T..A...A....G......TAAGTTTTAAGAAATAACCTGAGAAATAGGTATTTGAAGTCT 
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CONSENSUS=TTACCGCATCACCAGCGACTGCAACATCAACTTGC
ACCTTACGGTAACGGGGTAAGTTGCAAAAATCAGAAGGAGAAAA
TTAGTAATTATGCA 







N Volume of promoter 

group 

Volume of random 

group 

1 7247 32    

2 1773 28    

3 633 21    

4 201 24    

5 279 18    

6 182 24    

7 152 28    

8 152 33    

9 141 30    

10 138    23    

11 138    35    

12 103    18    

13 85    20    

14 124    22    

15 95    25    

16 77    26    

17 95    21    

18 118    23    

19 44    29    

20 90    31    

21 81    30    

22 23    25    

23 54    32    

24 81    24    

25 24    18    

26 34    25    
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Graph Z(n) for an artificial sequence containing 60% random base 
substitutions with the addition of 8 inserts and 12 deletions (circles) and 
Z(n) for a random sequence (rhombus). 



Graph Z (n) for the poem A.S. Pushkin "I remember a wonderful 
moment...". 



Graph Z(n) for the William Blake’s poem "Spring". 



Graph Z (n) for the poem by Robert Frost "Fire and ice". 



 

Author 

Number of 

analyzed 

works of 

poetry 

Lengths of 

fuzzyperiods 

found in the 

works of poetry 

Pushkin A. 15 2,4,7,10 

YeseninS. 10 2,6,8,11 

Blok A. 5 3,5,10,11 

Tutchev F. 5 2,7,8,15 

Fet A. 5 2,4,6,9 

Mayakovsky V. 7 2,3,5,8 

Shakespeare W. 5 10,15,18,37 

Byron D. 5 8,16,28 

Frost P. 20 5,8,13,15,20 

Blake W. 18 4,6,8,10,11,23 

Lengths of fuzzy periods found in 95 

works of poetry of different authors. 


