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MHOXecTBeHHble BblpaBHUBAHUA

Mpodpunnu
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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

5. Markov models

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



O6o0buweHmne NapHOro BbipaBHMBAHUA

e BbipaBHMBaAHME 2-Xx NOC/IeA0BATE/IbHOCTEN —
ABYMEpPHasa maTpuua
e 3-X NnocnenoBaTe/NIbHOCTEN — 3-X MepHasA.

A
A
A

e 3aaau4a: 60/blle KOHCEePBATUBHbLIX CTONOLOB, /ydlle
BblpaBHMBAHUE



[nobanbHOe BbipaBHUBAHME 3-X
nocnenoBaTe/IbHOCTEN

Ha4ano

NONNANINANN
NSNS
NN INNININNN
NNONNNN

KOHeLl



ANroputTm

Sitjlk1 T o, Wi, u) ) Het ranos
= max< Si—],j—],k +0 (V,—, W]" _)\
k S. ;. + 0 (v. uk)
i-1.j.k-1 P OauvH ran
Sijitk1 T o(, W, uk)<
Si—],j,k +0 (V,-, _ J
Si-1k +0(, W, ) | Oearana
Sk TO(L L)

* oX, Y, Z) — 3annCb B TPEXMEPHOWN MaTpuLIe BECOB



Bpema paboTtbl anropmtma

e [1na 3-x nocneaoBaTe/IbHOCTEUN ANINHbI N,
Bpema paboTtbl — 7n3; O(n3)

e N1na k nocnegoBatenbHoctew - (2k-1)(n*);
0O(2kn¥)



MHoecTBeHHOE BblpdBHUBaAHUE NOPOKAAET
MapHble BbIPaBHUBAHUA

x: AC-GCGG-C
yv: AC-GC-GAG
z: GCCGC-GAG

[NopoXKaaerT:

x: ACGCGG-C; x: AC-GCGG-C; vy: AC-GCGAG
y: ACGC-GAC; z: GCCGC-GAG; z: GCCGCGAG



ObpaTtHaa npobnema

Umes 3 cybbeKTUBHbIX NapHbIX BapHUBaHUA:

x: ACGCGG-C; x: AC-GCGG-C; vy: AC-GCGAG
y: ACGC-GAC; z: GCCGC-GAG; =z: GCCGCGAG



XopoLunn BapuaHT

[Tnoxon BapmnaHTt

| AAAATTTT

AAAATTTT-—~ AAAATTTT-——
-==TTTTGGGG - =TTTTGCGCGCS AAAA---GGGG
AAAATTTT ==~
AAAA-—--GGGG
TTTTGGGG AAAAGCGGG

AAAA---GGGG
- =TTTTGGGG

(a) Compatible patrwise abgriments

AAAATTTT-—~
-==TTTTGGGG
2

| TTTTGGGG I GGGGAAAA

-==-GGGGAMA
TTTTGGGG =~~~

(b} Incompatible pairwise abigronents



BbipaBHMBaHMe BbipaBHUBAHWI

x GGGCACTGCAT

y GGTTACGTC-- Alignment 1
z GGGAACTGCAG
w GGACGTACC-- Alignment 2



OnuncaHue BblpaBHUBAHUA

GTCTGA

GTCAGC " f T meodune

GGGCACTGCAT
GGTTACGTC--
GGGAACTGCAG
GGACGTACC--

< g NN X

CAGCAT - KOHCEeHCyYC

MaTtpuua 4acToT — UCNOJIb3yeTCA PeAKo



MHOXecTBEHHOE BblpaBHMBAHUE — ¥KaAHblN

aNropuT™
p ~
u,= ACGTACGTACGT... —», U;= AC[GT]TAC[GT]TAC[GT]T.].

u, = TTAATTAATTAA... U, = TTAATTAATTAA... k-1

k { u,=ACTACTACTACT...

u, = CCGGCCGGCCGG... _/

U = CCGGCCGGLLGE

Bpemsa paboTbl anroputma Ha k nocnegosatenbHocTax AgamHbl n — O(n?k?)



[TlporpeccruBHOE BblpaBHUBaAHNE

ClustalW

* [IporpeccuBHoe BbipaBHUBAHNE —
XXaOHbIW anropntm ¢ bonee «yMHbIM»
cnocobom BbiboOpa nap.

 Tpu wara
1.) NocTponTb NapHbIe BblipaBHUBAHUS
2.) I'locTpouTb AepeBo-noacKasky
3.) ['lporpeccneHoOe BblpaBHMBAHUE MO

NEepeBy-noackaske



LLlar 1: NapHble BbipaBHMBaHUA

* BbipaBHMBaAHMA Nap NopoxgarT MmaTpuly
identity

Vi Vz V3 Vy
Vi
v, |17 -
vy, |.87 .28 - (.17 3HaUUT ngeHTU4YHbl Ha 17 % )

v, |.59 .33 .62 -




LLlar 2: lepeBo-noAcKa3Ka

vy

V3

v
'V'l 4
2 .17 = v,
v .87 .28 -

v, |.59 .33 .62 -

lanee BbIYUCINTDL:

Vi 3 = BblpaBHWBaHuWe (V;, V3;)

V1 3,4 = BbipaBHMBaHue ((v; 3),V,)
V; 5,34 = BblpaBHuBaHve ((V; 3 ,),V,)



LLlar 3: [lporpeccuBHOe BbipaBHUBAHUE

* BblpaBHMBaHnEM 2 Hanbonee ONMU3KNX
nocnenoBaTenbHOCTH.

« Cnepysa oepesy - NoACKasKe,
OOBbIpaBHUBAEM CIie4yHOLLYI0
nocnenoBaTenbHOCTb K MMEKLLEMYCS
BblpaBHUBaAHUIO

FOS_RAT
FOS_MOUSE
FOS_CHICK
FOSB_MOUSE
FOSB_HUMAN

PEEMSVITS-LDLTGGLPEATTPESEEAFTLPLLNDPEPK-PSLEPVKNISNMELKAEPFD
PEEMSVAS-LDLTGGLPEASTPESEEAFTLPLLNDPEPK-PSLEPVKSISNVELKAEPFD

SEELAAATALDLG----APSPAAAEEAFALPLMTEAPPAVPPKEPSG--SGLELKAEPFED
PGPGPLAEVRDLPG————-- STSAKEDGFGWLLPPPPPPP———-—-------—-————— LPFOQ
PGPGPLAEVRDLPG———-- SAPAKEDGFSWLLPPPPPPP— - ———— LPFOQ

* * . * o Kk * * * K .

A —

Touku 1 3Be3abl OTOBPaXKaT HACKONBbKO KOHCEPBATUBHbI CTONOLbI.



MHoOecTBeHHble BblpaBHMBaHUA:
B3sewunBaHue

e KO/IMYeCcTBO MOJIHbIX COBMNaaeHUn

 Cymma no napam (SP-Score)

* JHTpONUA



KonnyectBo NOMHbIX cCOBNAaAeHUN

AAA
AAA
AAT
ATC

« XOpOLUO TONbKO ANnd o4yeHb ONn3knx
nocrneanoBaTenbHOCTEN



Cymma no napam (SP-Score)

 [MTocTponMm napHoe BblipaBHUBAHME MO
MHOXECTBEHHOMY

* [locuynTaem Beca BCEX 3TUX MAPHbIX
BblpaBHVWBaHWUN — s(a, a))

* [Mpocymmupyem:
s(ay -0 = 2;;5 (a, a))



JHTpONUA

« Onpenennum BepoATHOCTU OYKB B cTonOuax

° py=1, pr=ps=p=0 (1-bIt cTONOEL)

° p,=0.75, p; =0.25, p:=p=0 (2-blin cTONOEL)

* p,=0.50, p; =0.25, p=0.25 p;=0 (3-nin cTonbeL)
« DHTpoOnusa ctondbua OyaeT paBHa

[ AAA
— Z Px 102 Px  apa
X=A4.T.G.,C AAT

ATC



JHTponua: Npumep

(A

A

JIydLLIWiA BApPUaHT entropy ) =0

\A4)

; 1.1 1
XyALWWA BAPUAHT  entropy :—Zzlogzz—4(z*—2):2




> > > | P
Q|lO|O| >
=S| Q|| »

JHTponua: lNpumep

JHTponusa ctonbua:
-( pylogp, + pclogp-+ pslogps+ prlogpy)

eCronben 1 = -[1*log(1) + 0*log0 + 0*log0 +0*log0]
=0

eCronbeu, 2 = -[(*/,)*log(*/,) + (3/,)*log(3/,) + 0*log0 + 0*log0]
=-[ (1/4)*(-2) + (3/4)*(-.415) ]=+0.811

*Cronbeu, 3 = -[(*/,)*log(*/,)+(*/,) *log(*/,)+(*/4)*log(*/,)
+(Y/,4)*log(*/,)] = 4* -[(1/,)*(-2)] = +2.0

eJHTpoNMA BblpaBHMBaHMa = 0+ 0.811 + 2.0 =+2.811



-@- Clustalw

: O Clustal Omega

1000

800 A

600 -

400 A

200
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-400 A
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'800 T T T T T

Number of mutations pere nucleotide



-@- Mafit

(O T-coffee

1000

800 -

600 -

400 A

200 A

-200 A

-400 -

-600 -

'800 T T T T T

Number mutation per nucleotide




-@- Muscle
(O Kalign

1000

800 -

600 -

400 A

200

-200

'400 T T T T T

Number of mations per nucleotide



100_50, 500 250

10000
5000

2000
1000 A
500

200
100 A
50

20
10 +

Mutations per nucleotides
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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)?

e Statistical important pairwise alignments,
common “seeds” and “words” are absent.



Guoi MOUHXeHepusa G
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Position Weight Matrix (PWM)

_____ Multi alignment

A 2.3 -1.0 MAHMY
F 1.2 2.2 2.5 0.8 _ RASSG

LSYPE
K 1.8 -0.9 0.1 3.3 REYAA
M 2.3 3.9 0.8 1.8 ASYVL

Sequence A 1234512345123451234512345...

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

west way.
29



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

30
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Algorithm

Creation of the set of random PWM'’s. Each PWM
corresponds to some set of multi alignments.

Union of all sequences in a single sequence one after
another

Global alignment of united sequence with each random
PWM.

Optimization of PWM by the genetic algorithm.

Selection of PWM with maximum of similarity function
F

31



A

48 dimensional
space




PWM

Sequence 1

Sequence 2

Sequence 3

Sequence N

ueHmp
GuonHxeHepua
Poccwickan Axanessin Hayx

33
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Creation of the set of random PWM'’s

Space 20n

A=3S m(, jy

i=1 j=1 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 —
20 n length of period.
B=>>m(,j)p@)f(j)
i=1 j=1

34



F(i, j) =max{F,(i-1 j-1)—d
F,(i-1 j-1)—d
F@-Lj)—d}
F(i-1 j)—e

F@j—n—d}

F (1, ])= max{

F (1, J) = maX{Fz(i, i_1)e

7 — P M[F]

JD F o |

F(i-1 j-1)+m(a(i),b()

h'd

LEHmp
WHXXeHepus
Pocesicean Axagesss Hayx
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Improving the matrixes by genetic algorithms

Initialization

v

Measure population

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

Is
population stable or
iterations limit
exceeded?

Yes

No End
4

Select parents Goal is to increase
v the Fmax .

Produce children

v

Measure children

yeHmp J
(17] UWH)KEHEPHH Take the
Poccsicrkan Axagessm Hayx best children in place

of the worst individ in
population

\—J 36
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Types of tandem repeats

L PerfeCt periOdS There are no changes
GCAT GCAT GCAT GCAT GCAT.. per symbol

2. Periods with indels and changes of the There are 1.0 or less

Sym bo | S changes per symbol
GGAT GCAG *CAT GCGT G*AT..

37



Types of tandem repeats

3. Latent periods without indels There are 1.0 or more changes

GCAT CGAC TACT AGGT GGTA.. per symbol
GCAT
CGAC
TACT

AGGT
GGTA...

4. Latent periods with indels There are 1.0 or more changes
G*AT CGAC TA*T AGGT GG*A.. per symbol

G*AT

AGGT
GG*A..

38
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Methods applied for periodicity search

The dynamic Latent Periods with
programming periods indels and
(3,4) changes
(1,2)
Spectral Approach Periods
(Fourier transform, without
Information Latent periods indels
Decomposition,...) (3) < (2,4) ;
?
Latent periods | Indels
39




Guorxereprs ( O

i A% Mg\

Type periodicity which we are searching

Latent

[ CATTG }[ GACCA }[ CCTTA } [GGT@I TTCCG }

— T~

Insertion

A

40
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Test sequence (actgattcgagctagtaacgggct),, with 1.5 random
mutation per nucleotide.

14 -
12 -

10 A O

41



Regions with periodicity in C.elegans genome

25360 regions having a
periodicity with length of 2
to 50 bases

About 12% genome
have periodicity of
different length

700

600 -

500 -

400 -

300 A

200 A

100 H

yeHmp
VHXEHepus
Poccwickan Axapesss Hayx

10

20 30
Period Length

40

50

60



4000

3000 A

2000 -

mF

max |

1000

Influence of base changes on mF, , (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.

43



1,0

0,8

0,6

ID

0,4

0,2

0,0

T T T T T T
0 500 1000 1500 2000 2500 3000 3500
F

max

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.

44



mF.__ (n) spectrum for fragment of the sequence NC_003279.8 from

max

chromosome 1 of the C.elegans genome. The coordinates of fragment are:
887101-887688.

1600

1400 A

1200 -

1000 -
mF

max

800 -

600 -

400 A

200 -

0 20 40 60 80 100 120



Alignment of sequences S, 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.

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

46



2 F... for the chromosome 1 of the genome C.elegans . x is the
position in the chromosome. JF,_, is the sum of mF,_ for all
sequences with periodicity which are found in the region with

coordinates form (x-1)/10° to x/10°.

100x103

80x108 ~

60x108 ~

LLE 40x10° -

)y

20x108 ~

160

o
N
o
N
o
o2}
o
(0]
o
=
o
o
=
N
o
[iny
n
o



100000

10000

1000

100

Database of periodic DNA regions in major genomes

20000
18000 { ¢
16000 1
14000 1
12000 1
S22 10000 1
'_‘NO,_‘
;’,E:S 8000 -
2 E g 6000
I‘FSN‘«-—' |
8§ 238 n g
& o 4000 1
= | HHH |
2 2 & T oz o= o= v o4y oz 2
SsEifEEs it &3 $ 2% 0 I'IHHH on.. nﬂnﬂﬂﬂnnHHanH | T |
c‘*’bsxtg}kﬁkﬁ'; 0 -?."""‘; T T T T T T
5s 23§33 fsshyo® 0 10 20 30 40 50
o533 fEfisialics
DEEEEEEE
g = g =

http://victoria

.biengi.ac.ru/cgi-bin/indelper/index.cgi
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Coding of the sequence s(i)=x,(i)-x,(i) for Euro/USS

x,(i) -beginning of the candle

(occurs at the beginning of each

rates

LeHmp
BUOUNHXEHEPUS

Pocosickan Acaness Hays

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

hour)
K N | M T R S L Y F
-0.03700 |-0.01140 |-0.00780 |-0.00550 |-0.00390- |-0.00260- | -0.00160- | 0.00100- | 0.00040- | -0.00010
-0.01140 | -0.00780 | -0.00550 |-0.00390 |0.00260 |0.00160 |0.00100 |0.00040 |0.00010 |(.00020
C W P H Q Vv A D E G
0.00020 | 0.00060 |0.00100 |0.00150 |0.00230 |0.00320 |0.00460 |0.00610 |0.00820 |0.01140
0.00060 |0.00100 |0.00150 |0.00230 |0.00320 |0.00460 |0.00610 |0.00820 |0.01140 |5.00000

49




Z(n) for Eur/USS for candle equal to 1 hour

yeHmp
16 1 BuounHxXeHepus
Poccscran Axapeiia Haykx

14" O
12

10 +
7 e

6-

0 20 40 60 80 100 120

Yacsl

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.

50



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

1 2 3 4 3) 6 I 8 9 10 11 12
K (22 (25 |19 |01 |19 |24 |24 |25 |-35 |13 |-05 |-17
N (26 |-15 |14 |-20 (17 (09 |09 |17 |24 |18 |21 |-38
I 16 (07 |-11 |20 |22 |-11 |07 |13 |21 |-05 |-11 |01
M -06 |-06 |-06 |-24 |00 |06 |12 |12 |-24 |06 |21 |-06
T |06 |(-18 |13 |07 |-18 |16 |-36 |-30 |-24 |07 |20 |-18
R |-29 |09 |-22 |-16 |09 |15 |02 |-04 |17 |18 |-16 |-1.0
S |-18 |18 |-06 |-24 |-12 |-30 |-06 |-24 |-18 |[-18 |06 | 1.2
L -23 |(-23 |-1.7v |07 |-11 |-17 (-05 |-1.1 |-35 |-05 |21 |01
y (04 |-34 /19 |-15 |-09 |-34 |-27 |-34 |-21 |-21 | 04 |-0.9
F (-22 |10 |-28 |-15 |-28 |-22 |-09 |-22 |-22 |-34 |-28 | 03
c |09 |15 |-03 |41 |-16 |-34 |-28 |-22 |-10 |(-03 |15 |-34
w |-34 |-16 |-03 |-16 |-16 |-16 |-28 |-28 |-28 |-16 | 03 |-1.0
P (-29 |-16 |-23 |02 |-16 |-04 |-41 |-10 |14 |02 |-23 |-23
H 03 |-03 |-34 |19 |-10 |-16 |-34 |15 |-16 |-03 |-28 |-2.2
Q (-12 |-12 |18 |-06 |-36 |06 |-42 |-18 |20 |-36 |-3.0 |21
v |-23 |-05 |16 |-1.7 |-23 |-23 |-1.7 |-1.7 |01 |-1.7 |-41 |22
A |13 |07 |-18 |16 |19 |-12 |18 |18 |-24 |-12 |-24 | 23
o o4 |-01 04 |10 (-19 |21 |-01 |-19 (20 |-13 |10 |10
E |16 |02 |15 (-04 |09 |-10 |25 |22 |-29 |25 |-29 |-04
G |07 |-17 |07 |25 |22 |22 |22 |-05 |22 |16 |14 |-11
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Z(n) for Eur/USS for candle equal to 30 minutes

14
12 -

10

0 20 40 60 80 100

n — length of period -



Z(n) for Eur/USS for candle equal to 4 hours

14
12

10 - Q o)

100

o
N
o
N
o
(o]
o
(0]
o

n — length of period
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T
100

10

equal to 1 hour

Fourier transform for Eur/USS for candle
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Phase shift of period equal to 24 hours

25 A
20 - «%
15

10 -

RIIRY

K- position of PWM which 0
corresponds to the first
candle of each day (0.00-

T T T T T T T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
1.00 hour)

Days

55



Linkage Distance

24

22 |

20

18

16 |

14 |

12 H

10

Classification periods equal to 24 hours

Tree Diagram for 162 Variables
Complete Linkage
Euclidean distances

n
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Multiple alignment periods equal to 24 hours

. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=
. J=

odoUldWDNDR

WMLPA........ VK
PFQTQ........ KR
PRROW. ....... KQ
VILVE........ AE
RMTAQ........ MN
FWNIQ........ NM
VRWFA........ GG
WWWAN. ....... AK
QTFWM. ....... DE
QAPID........ KF
LMLEW........ FG
VTFTE........ KT
IPTTN........ EE
FVMPE........ KG
MMWEE. ....... IK
MIWFI........ VE
QKCIA........ AQ
LRIMR. ....... WK
FRRRV........ GD
PWWTT........ PE
IFLAE........ KQ
DEPTW........ EL
PTLVL........ LG
GNTLT........ DN
WEWWT........ SD
PTIAF........ MQ
ADAQS........ TK
WPTFS........ M
NAFPF........ M
WPFFF........ EA
LLLLS........ AL
DMSSQ........ LN

.IA.
.GN.
.MD.
.LM.
.LP.
.AR.
.ET.
.WA.
-RK.
.NK.
.MV.
.KG.
.KI
.EP.
.AD.
.TI
.LP.
. VM.
.KL.
.TW.
.DM.
.VG.
.NI
.SF.
.AQ.
.TI
.KV.
.TD.
.GE.
.PN.
.QS
.KN.

MMKNAENWD .
RNGLKLMDG .
NWKWKMKND .
WALVVRMAW.
KGDIEGNFE.
DGAKQKAMW .
NGGRGWMGV .
GKMIPIVIP.
INFPEALIM.
VWGANRPID.
KKQGKGTRL .
NKFNNKVRF .
.GKNKTGVLK .
MKPNGVMWG .
MDTIFRGFT.
.DVNVGKGQL .
NKGEMQRITI .
VRGIGMDFE.
LDRLGTLLF .
IGKLGKLNR.
KFQMGVIEF .
NIDFFTQPV.
.QGSKIFPAQ.
EMTPWSQND .
WFPGGNDTW.
. TWMQELENT .
NQDEWTKED .
NSAAGSKGD.
TKNTNGGIP.
ENDAPKGON .
. FSNNKKWVW .
ODMGGTGNR .

AWL.
.FQI
.MNG
.NFD
.RGL
.FIP
.MLI
. DMW
. WML
. PQV
.RWN
.FTQ
.FFL
.TPN
. VWA
.LCL
.PRQ
.TVQ
.PGI
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The spectrum of Z(n) obtained for the stock of Bank of America.
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The spectrum of Z(n) obtained for the stock of Microsoft corp.
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The spectrum of Z(n) obtained for the S&P500.
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The spectrum of Z(n) obtained for the NASDAG.
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The spectrum of Z(n) obtained for the Gold price.
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The spectrum of Z(n) obtained for the Silver price.
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5'splice site 3'splice site

A. GT-AG splice sites

64.55%




...TCCCAT.
.TGTCCGTA.
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...... CAGCCAGCTG.
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GACACGGAC.
GGCCCCTAC.
. .CATTGTC.
.TGACAAAA.
.CAACCCTC.
...ATGCCA.
.AACAGCGT.
.GCTGTTCC.
CTGCCCTCA.
...CTGTCC.
TTCATGAGC.
ATCAATAGC.
.CGACGGAC.
. .GTTCGAG.
.AGAAGAGC.
...... CTGCCATCTT.
CCGGTGATC.
TCTCTCAGC.
.CACGTTTC.
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. TAAGTATCATTCCCTCTCACTGTCCTGGAGAGGACGAGAATT
. TAAGTACCTCTTGGTCATTTGGACACATTGTAGATTAGTCCT
. TAGGGAAGAGGGGCTGCCGGGCGCGCTCTGCGCCCCGTTTCT
. TAAGCAATGTCACTCAAAGATGCTTTTAGACTCTTCTCATAT
. TAACACATCTGTTTGAGATAACTTGGGTTCAAGGAGGACATT
. TAAGTCAGACAAACAGCAAATGACAAAAACATGTTTTTATGT

TGAGTACCCCTCTCCCATGCCCACCCTGTGCGCAGAAATGTT

. TATGTCACATTGGCTTACCTTTAGCGTAATGGCTTGGAAAGT
. TGAGCTGAAAAGAATACCACTTTCTTTTTCACGAGAATAGAT
. TAAACCCCTGTGCCAAACACCAACCACCACTGTGGTCACAGT
. TAAGGGTGCTTCCAATTGCCTCTTTCTCCTCATGCGAGCACT
. TGGGTGAGTGGCTCCGGAACCACAGACGGGAGGTGGGCAGGT
. TGAGTACTTGACAAAGACCATCAAGGGTATACTTTTCTGCTT

TAAGTCTGGCTAAAGCATTTCTACCTATTCTTCCAGCTTTCT
TAAGTTGACCTAACTCCAATGCATGCACAAACAGGAAATTGT

. TACTTGCCCTTGATGTGGGCGGGTACTGAGGGGACCAGTGAT
. TAAGCCTTTGCTCGCAGTGGGGTGTGGTTTTATGCACTCACT
.TTTGTCCCCCGCCTGGGTGGTAGAGATGGACTCCCCATTAGT
. TAGGCTCCTGTCCCCGTCCCGTTGGCCTCTGTGCCTGGGGGT
. TGAGCCGCCAGCGCGGGGCCGGATGGATGTTGCTTCCAATGT
. TACGTGTGGGTGCAGGGCCTGGGGGTGGGTGGGGTGCACGGT
. TGCGTATTTGAGCTCCAAGGTCTTCCGCTTTCCATGTGGAGT
. TGAGTGCCCGGAGGCGGGGAGGGCGCGGCGGTCGTTGGGCGT
.TATGAGTTGTGTGTTTTTTGGCTGTATCCCTCTCTTCATTTT
. TGAGTACCAGCAGGGGAAGAGGATGCGCGGTGGGATGGGGTT
. TGAGTAGTGGCACTTCAGTAACGCATGCTTTTCTTAGTGTGT
. TGAGTCGGCTGTTTTCCCAATTTACCCGTTTCTTGATTGTTT
. TGAGGTGCCGCCCACCCAGGCCCAAGGAGGATGCCCACCTTT

TGAGTAGGGACAGTGGAGGAGCTTAGCTTGTGGGGCGTCCGT

. TAAGTGATGTATTATTTTGGGAGGGTGGGGGTGAAAAAATGT
. TAGGTGGTCTCGAACCCATGGGCTCAAGCAGTCCTCCCGCCT
. TAAGAAGAGGACCCACGGAAGACCCGGGGCTGATTTCTCTCT
. TAAACAGGGGAGCATGAGAGCAGGACCAGTGCTGGGGAGGGT
. TAGCCAATTTTCCATTTTATAAAAGGTCATTGGAAATATTTT
. TACCAAAACTTGTGTCAGACATGAGCCAATTTAGGAAGATGT
. TCAGTCTGATTACTAAAGAAAGTGCATAGAAATACTTTTTAT
. TGAGTACAGAGTATGACTTTTTTATTTTTAGAAGACAGACAT
. TAAAAGCACGTATTCTCTACTTGTCTTTATCACATGATATAT

TAAGTAACCCAATTTTAGACTTGAAGCTAGAAGGCTGTTTTT

. TAAAACCTTTCCTTTAACCTATACTCTAAACTTATTTTTAAT
.TAATTATCCTCTTTCTTTTTAAAAATTACTAATTACAGACAT
. TAGGAATGCAGCAACATCCTTTGGAAAAGTCTATGTGTATGT
.TACTTTTTAGAGCCATTCATATATCTAATACATTTTGTTGCT
. TAAGACTTTCCCAGTAAAGCAAGAAAATGTTTTCTTTTAATT
. TAAGTACCTAATTTATTGTTGTGGAATTTTAAAAGAGAGCTT

TAAGTTTTAAGAAATAACCTGAGAAATAGGTATTTGAAGTCT
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CONSENSUS=TTACCGCATCACCAGCGACTGCAACATCAACTTGC
ACCTTACGGTAACGGGGTAAGTTGCAAAAATCAGAAGGAGAAAA
TTAGTAATTATGCA
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Distal promoter Proximal promoter Core promoter ORF

Fig. 1. Simplified model of transcriptional regulation of protein-encoding genes.
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N \Volume of promoter \Volume of random
group 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
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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).
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Graph Z (n) for the poem A.S. Pushkin "I remember a wonderful
moment...".
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Graph Z(n) for the William Blake’s poem "Spring".




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



Lengths of fuzzy periods found In 95

works of poetry of different authors.

Number of | Lengths of
Author analyzed fuzzyperiods

works of found in the

poetry 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. 3) 8,16,28
Frost P. 20 5,8,13,15,20
Blake W. 18 4,6,8,10,11,23




