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RESEARCH

STRUCTURAL GENOMICS

Modeling of the 3D structure of chromatin inside the cell nucleus based on
the ChIA-PET and Hi-C data.

BIOSTATISTICS AND COGNITIVE
COMPUTING

Field of expertise: prediction, machine learning, statistics, computational
methods, data preparation.

FUNCTIONAL GENOMICS

Studying how different genomic regions interact and cooperate together in
order to gain better understanding of the genotype-phenotype relationship.

BIOLOGICAL SYSTEMS MODELING

Within the framework of iCell project we develop the novel computational
meodelling framework for multiscale analysis of tumor growth.
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Background: Dendrites and dendritic spines
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Time 0 data from magic spine
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Circumference_Magic spine
Exponential - 95% CI

big data
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Dla kogo

Podstawy neurobioloqii
Programowanie Python/Matlab
Podstawy analizy danych | statystyki
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Depression

Proteomics



Multiple Sequence Analysis of experimentally derived
proteins (IBD PAN)

(@) FFT-NS-1, FFT-NS-2 — Progressive methods

(b) FFT-NS-i, NW-NS-i — lterative refinement method

(c) L-INS-i, E-INS-i, G-INS-i — Iterative refinement methods using WSP
and consistency scores



Analysis - MSA

* Uniprot IDs —> FASTA

* MSA using MAFFT (Multiple Alignment using Fast
Fourier Transform)



Results
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Analysis - DOMAINS

e CDD - Conserved Domains Database, NCBI

e CDSearch



Autism Spectrum Disorders
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Autism Spectrum Disorder
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Structural Variants

Human chromosome
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= NCBI Resources (¥) How To ¥

dbVar dbVar & Autism

dbVar

dbVar is NCBI's database of genomic structural variation - insertions, deletions, duplications, inversions, mobile

element insertions, translocations, and complex chromosomal rearrangements

& NCBI Resources ¥/ How To ¥

ClinVar Clinvar B

Advanced

Home About ¥ Access ¥ Help » Submit ~

ACTGATGGTATGGGGCCAAGAGATATATCT
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGCGGCTGGGCATAAAAGTCAGGGCAGAGC
CCATGGTGCATCTGACTCCTCAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT

Statistics ~

ClinVar

FTP «

ClinVar aggregates information about genomic variation and its relationship to human health.

si

Help

GGCACTGACTCTCTCTGCCTATTGGTCTAT

Human Gene

The Human Gene module provides

researchers around the world with instant

access to the most up-to-date | || || | | II ‘
information on all known human genes

associated with autism spectrum

disorders (ASD).

Explore the Database

& SFARI GENE




Vethods and [o0ls
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Lift Over to 19hg

Mapping on the reference genome
BedTools

Enrichment Analysis

Enrichment Plot



Log, fold enrichment

Results
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Next Steps

* Creating a data base of confirmed SVs and SNPs

Standard Standard Standard  Standard Standard

chr start end description study

chrlb 23500000 30010000 microdeletion http://www.nejim.org/doi/
chrl 146467203 147858208 duplication https://doi.org/10.1016/
chr 50145643 51259674 del/dup https://doi.org/10.1016/
chr3l 195747398 196191434 deletion https://doi.org/10.1016/
chx? 72773570 74144177 duplication  https://doi.org/10.1016/
chx’l 73978801 74144177 duplication nttps://doi.org/10.1016/
chrld 23683783 28471141 duplication  https://doi.org/10.1016/
chrld 26971834 2754882% duplication https://doi.org/10.1016/
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Next Steps

* Analyzing data

3D Chromatin Viewer
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Laboratorium Genomiki Funkcjonalnej i
Strukturalnej — projekt " Analiza sieciowa
powigzan w strukturze chromatyny i interakcji

biatko-biatko”
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LGFiS

Laboratorium Genomiki Funkcjonalnej i Strukturalne;j.
Centrum Nowych Technologii UW.

http://nucleus3d.cent.uw.edu.pl/
http://www.cent.uw.edu.pl/pl/badania/lab/Igfs

iCell: przetwarzania informacji w
organizmach zywych. Rola
struktury przestrzennej i
hierarchii skal w sterowaniu
procesami biofizycznymi w
komorce.

Ryc. 1: dr hab. Dariusz Plewczynski


http://nucleus3d.cent.uw.edu.pl/
http://www.cent.uw.edu.pl/pl/badania/lab/lgfs

Struktura 3d chromatyny

%

‘ CTCF & Cohesin

Ryc. 2: Modeling chromatin structure [Tang et al., 2015]



Znaczenie struktury

CTCF contact domain
gee e
. "
RMNAPII interactions RNAPIl CTCF
foci foci

Ryc. 3: CTCF domains [Tang et al., 2015]



Topologia sieci

Max max betweenness
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Miary centralnosci

Closeness of node u: >, m

. F#£shortest paths from s to t containig u
Betweenness of node u: ZS#U,t#U #shortest paths from s to t

These can be aggregated (min, max, avg) across the network, to
obtain a whole-network measure.



Project: Genome proximity vs PPI proximity

> ldea: proximal genes should code interacting proteins.

» PPI networks: based on previous project [Saha et al., 2014].
» old, needs updating/expanding?

» Gene proximity:

1. Same or other domain (0-1)
2. Based on ChlA-PET contacts [Tang et al., 2015].



Data sources

Gen.prox. « Address <« Gene < Protein <« PPI
ChlIA-PET UCSC Entrez Uniprot (own)
CCDs NCBI Ensembl



Projekt

Mozliwo$¢ wspétpracy z LGFiS:
1. Analiza sieciowa:

1.1 Sieci biatko-biato (PPI).
1.2 Struktura chromatyny.

2. Integracja informacji w réznych bazach danych biologicznych.
Wymagania:

1. Programowanie (python), zwt. przetwarzanie danych.

2. Przeszukiwanie literaturoy w jezyku angielskim.

3. Che¢ przyswojenia nowej wiedzy.

4. Motywacja.
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