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Definitions
Latent periodicity (pattern length L=7, copy humber R=7)

...tacc ATCG T°6TGGCJ °€TCGCT| ° TCCCT°€TCGGCI°€TCC| TCGCT tgcaa...

pattern pattern copy pattern copy pattern copy pattern copy pattern copy pattern copy
of length =6 with substitution with substitution  with insertion with deletion

Structural classification of repetitive DNA and DNA sequence
variation types:

- Microsatellites (SSRs, Simple Sequence Repeats) (1 < L £ 10)

- Minisatellites (VNTRs, Variable Number of Tandem Repeats) (10 < L < 100)
- Macrosatellites (CNVs, Copy Number Variations) (100 < L < 400)

- Megasatellites (CNVs, Copy Number Variations) (400 < L)




Functional Classification of Eukaryotic DNA

Eukaryotic DNA

H
| I

Single-copy,
functional genes Repetitive DNA I

[ |

‘ : i with no kn i
Functional sequences Sequem?usm“onno o

| .

Families of coding Repeats in Variable-
genes (and related | fumﬂ'::a'ﬁd":&m | centromeric number tandem Tfans
pseudogenes) o heterochromatin repeats

J_.l |

Dispersed gene . | Tandemgene | An Introduction to Genetic Analysis. 7th edition. Tass
families families Grifiths AJF, Miller JH, Suzuki DT, et al. p

New York: W. H. Freeman; 2000.

i —_




Unequal crossing over is a duplication event
which cause emergence of repeats in
genome
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RNA polymerase slippage is one of the
mechanism of pattern multiplication




Localization of repetitive DNA types in
the chromosome (example of sugar beet)
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Our method basics
...tacc ATCGCT ATGGCT ATCGCT ATCCCT ATCGGCT ATCCT ATCGCT ATTG tgcaa...
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Joint use of the two criteria allows
determining of the true length of pattern
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Main blocks of automated technology

» Genome scanning with all the values of L

(2 <L <£4000).

» Analysis of the set of identified regions:
elimination of full entrances, additional
analysis of intersections and fragments with
multiple values of L lying in the close

proximity to each other. Staged reduction of
redundancy.

» Construction of two-level structures — the

representatives of groups and the groups of
oRecrted internal repeats.
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HeteroGenome
DataBase of Genome Periodicity

A nonredundant catalog of DNA pericdicity regions in a number of complete genomes of model eukaryotes presents the results of an automated
spectral-statistical approach to genome-wide periodicity search. Significance level of the revealed heterogeneities is 10° and below. Heterogeneity
regions listed in the database are potential regions of latent periodicity, indicated mainly by approximate tandem repeats. A specified Period Length,
in which statistically significant heterogeneity has been determined, presents an estimation of periodicity pattern size. The Exponent shows the
number of copies for this pattern in the revealed pericdicity region. Average invariance for copies of the estimated periodicity pattern is
characterized by a Preservation Level (ranging from 0.4 to 1.0) for the characters across pericd positions.

A special record unit — known as a Group — has been developed for the database. A group contains associated overlapping heterogeneity regions,
of which the longest one serves as group representer. Group members lying inside this representer are regarded as its intrinsic heterogeneities.
These indicate fragments of the representer that are more structured and facilitate correct data interpretation. Some groups contain only one
region: the group representer. Different groups do not intersect. In accordance with the two-level group structure (a representer and the intrinsic
heterogeneities), there are two Outout modes: nonredundant (only representers will be shown) and simple (all regions in the database that meet the
specified search parameters will be shown).

Organism: |Arabidopsis thaliana (TAIRS, 18 Jun 2009) Chromosome: |1 (30432563 bp) [v] Database Statistics
All Heterogeneity Regions in Location from: | | to: | | User Manual
Heterogeneity Length from: | | to:| | Glossary
Period Lenght from: | | to: | |
Exponent from: | | to: | |
Pattern Copies Preservation Level from: | | to:| |
Output mode: |simple
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HeteroGenome

Database of Genome Periodicity

Organism: Caenorhabditis elegans (WS150. 21 Oct 2005) Chromosome: | (15072413 bp) Statistics Home

Location Lenagth Period Exponent Preservation Level H-spectrum value
759040 - 759607 568 35 16.23 0.61 223

Show specira Show sequence Seguence Viewer

INTRINSIC HETEROGENEITIES:

Location Length Period Exponent Preservation H-spectrum
Level value
759078 - Show Show Seguence
759485 A 4 12 0.62 194 spectra sequence Viewer
759087 - Show Show Seguence
759244 158 34 465 0.96 2.45 spectra seguence Viewer
759358 - Show Show Seguence
759600 243 e 2.29 0.92 1.57 spectra sequence Viewer
750040 750607
r 1
750073 750435
r 1
750087 750244
r 1

I759358 I7596[)0
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Distribution of repeats along a chromosome
is the characteristic of the chromosome
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Length, Share of Genome Length, %
bp micro mini mega all
A. thaliana 119146348 1.86 4.46 2.02 8.34
Chr 1 30427671 1.86 4.25 2.47 8.58
Chr 1l 19698289 1.88 4.83 1.25 7.96
Chr 11l 23459830 1.83 4.37 1.76 7.96
Chr IV 18585056 1.86 4.59 2.29 8.74
Chr Vv 26975502 1.88 4.26 2.31 8.45
C. elegans 100272607 | 2.04 7.26 2.50 11.80
Chr1 15072434 2.25 8.13 3.04 13.42
Chr 1l 15279421 2.03 7.66 2.93 12.62
Chr 11l 13783801 2.07 8.93 3.57 14.57
Chr IV 17493829 2.08 6.92 2.18 11.18
Chr Vv 20924180 1.93 6.90 2.36 11.18
Chr X 17718942 1.90 5.02 0.91 7.83
D. melanogaster 133880608 2.93 4.19 1.34 8.45
Chr 2L 23513712 2.70 3.68 0.97 7.35
Chr 2R 25286936 2.75 3.80 1.47 8.02
Chr 3L 28110227 2.79 3.95 1:13 7.86
Chr 3R 32079331 2.92 4.03 1.28 8.23
Chr 4 1348131 2.32 4.30 1.45 8.07
Chr X 23542271 4.09 5.37 1.73 11.18

Database
statistics
for 3 higher
organisms
showing the
relative
uniformity
of the length
of coverage
for
autosomes



6454977
6455085
6455033
6455061
6455089
6455117
6455145
6455173
6455281
6455229
6455257
6455285
6455313
6455341
6455369
6455397
6455425
6455453
6455481
6455589
6455537
6455565
6455593
6455621
6455649
6455677
64557@5
6455733
6455761

Alignment of latent periodicity region

tcttaaacatacaagcgatgaaattgag
aaaaagtaaactcgtaaattttccacca
aaaaacataaacccgtgatttttccacc
aaaaaatataaactcgtgatttttccgc
caaaaacgtaaacccgtgattttcccac
caaaaacgtaaactcgtgattttcccgt
caaaaacgtaaacccgtgaatttcccgc
caaaaacataaacccgtgattttcccgc
caaaaacgtaaatccgtaattttcccgc
caaaaacgtaaactcgtaattttcccac
caaaaaacgaaaacccgtpgattttcccy
tcaaaaacgtaaacccgtgattttcccy
ccaaaaacataaatccgtgattttccca
ccaaaaacgtaaacccgtgattttcccy
tcaaaaacgtaaacccgtgaatttcocy
ccaaaaacataaacccgtgattttcccy
ccaaaaacgtaaatccgtaattttcccy
ccaaaaacgtaaactcgtaattttccca
ccaaaaaacgaaaacccgtgattttccc
gtcaaaaacgtaaacccgtgattttccc
gccaaaaacataaacccgtgattttctc
gccaaaaacgtaaatccgtgattttccc
gccaaaaacgtaaacccaagattttccc
gccaaaaacgtaaacccgtcattttccc
gctagaaacgtaaatccgtaattttccc
gtcaaaaccgtaaacctataatttttcy
ccaaaaacgtaaacccgtgatttttcca
ccaaaaacgtaaacccgtaaaaagtgga
atccgtaaatattctaagtttga

i —

6455005
6455033
6455062
6455091
6455119
6455147
6455175
6455203
6455231
6455259
6455233
6455316
6455344
6455372
65455400
6455423
6455456
64554384
6455513
6455541
6455569
6455597
6455625
6455653
6455681
6455708
6455736

aaaaa-pg-taaactcgtaaattttcca-cca
aaaaa-cataaacccgtgatttttcca-cca
aaaaa-tataaactcgtgatttttccg-cca
aaaac-g-taaacccgtgattttccca-cca
aaaac-g-taaactcgtgattttcccg-tca
aaaac-g-taaacccgtgaatttcccg-cca
aaaac-a-taaacccgtgattttcccg-cca
aaaac-g-taaatccgtaattttcccg-cca
aaaac-g-taaactcgtaattttccca-cca
aaaaacg-aaaacccgtgattttcccg-tca
aaaac-pg-taaacccgtgattttcccg-cca
aaaac-a-taaatccgtgattttccca-cca
aaaac-pg-taaacccgtgattttcccg-tca
aaaac-g-taaacccgtgaatttcccg-cca
aaaac-a-taaacccgtgattttcccg-cca
aaaac-g-taaatccgtaattttcccg-cca
aaaac-g-taaactcgtaattttccca-cca
aaaaacg-aaaacccgtgattttcccg-tca
aaaac-g-taaacccgtgattttcccg-cca
aaaac-a-taaacccgtgattttctcg-cca
aaaac-g-taaatccgtgattttcccg-cca
aaaac-g-taaac-ccaagattttcccgcca
aaaac-pg-taaacccgtcattttcccg-cta
gaaac-g-taaatccgtaattttcccg-tca
aaacc-g-taaacctataatttttcg--cca
aaaac-g-taaacccgtgatttttcca-cca
aaaac-pg-taaacccgtaaaaa

AAAAC-GC-TAAACCCGTGATTTTCCCG-CCA



Wraparound Dynamic Programming
Algorithm for Tandem Repeat Alignment

G —is a weight matrix, a — score for gap opening,

B — score for gap extension, u — score for substitution.

Initialization of row zero of G (j=1,..., L): G[0,0] =0, G[0, j] = G[0,0] + o + jB.
Initialization of zero column (i = 1,..., L): G[i,0]= G[0,0] + o+ B

For each row (/ =1,...,L) the two passes are produced:

The first pass for the first column: (Gli-1,0]+p,
Gli-1L]+p,

Gli-L1]+a+p,
|G[i,0]+a+p.

G[i_lsj_l]'l'ua

Gli, j]=max IG[i, j-1]+a+f,
Gli-1,j]+a+p.

Gli, j] = max

The first pass for other columns:

The second pass

Gli, /1,

Ol 7= max {G[i,j—l]+oc+[3.




Thanks for your attention!




