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Zostavovanie genému
0000

@ DNA := slovo nad abecedou {A, C, G, T}. Reverzny komplement
DNA S znacime ako rc(S)

@ Gendém := mnozina DNA, jednotlivé DNA sa volaji chromozémy
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Zostavovanie genému
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@ DNA := slovo nad abecedou {A, C, G, T}. Reverzny komplement
DNA S znacime ako rc(S)

@ Gendém := mnozina DNA, jednotlivé DNA sa volaji chromozémy

o (itanie (read) := kratke slovo nad abecedou {A, C, G, T},
skoro podslovo niektorej z DNA (resp. komplementu)

@ chyby &itania := substitucie, inzercie, delecie
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Zostavovanie genému
0000

@ DNA := slovo nad abecedou {A, C, G, T}. Reverzny komplement
DNA S znacime ako rc(S)

@ Gendém := mnozina DNA, jednotlivé DNA sa volaji chromozémy

o (itanie (read) := kratke slovo nad abecedou {A, C, G, T},
skoro podslovo niektorej z DNA (resp. komplementu)

@ chyby &itania := substitucie, inzercie, delecie

@ zostavovanie genému := najdenie "najvierohodnejsieho"genému na
zaklade pozorovanych citanf
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Zostavovanie genému
[e] Je]e]

Klasické metody zostavovania genomu

Overlap - Layout - Consensus

© Najdeme dva nadvazné useky v mnozine usekov
@ Zlepime ich spolu a vloZzime do mnoziny
© Opakuj krok 1

Askar Gafurov (FMFI UK) 0 A 5



Zostavovanie genému
[e] Je]e]

Klasické metdédy zostavovania genému

Overlap - Layout - Consensus

© Najdeme dva nadvazné useky v mnozine usekov

@ Zlepime ich spolu a vloZzime do mnoziny

© Opakuj krok 1

de Bruijnove grafy (dBG)
© na zaklade Citani zostrojime graf k-gramov, hrany st medzi
nadvaznymi
@ dany graf skomprimujeme (zlG¢ime vrcholy s jednoznaénou
nadvaznostou)
© v grafe najdeme dlhé, "vierohodné"sledy
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Zostavovanie genému
[e]e] le]

Problémy klasickych metéd zostavovania genémov

@ Nie je mozné urcit kvalitu vysledku
@ Metddy su Sité na konkretné typy sekvenacnych dat

@ Algoritmy nevedia plnohodnotne vyuzivat viacere typy sekvenaénych
dat naraz
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GAML
©000000000

Pravdepodobnostné zostavovanie gendmu

Aposteridrna pravdepodobnost P(A|R) genému A vzhladom na
pozorované Citania R.

Najlepsi geném je ten, ¢o maximalizuje aposteriérnu pravdepodbnost:

A*(R) := argmax P(A|R)
A€o
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nie genému GAML

y ~ A Budiic:
©000000000 < - -

Pravdepodobnostné zostavovanie gendmu

Aposteridrna pravdepodobnost P(A|R) genému A vzhladom na
pozorované Citania R.

Najlepsi geném je ten, ¢o maximalizuje aposteriérnu pravdepodbnost:

A*(R) := argmax P(A|R)
A€o

Q@ Ako urcit P(A|R)?
@ Ako urdit priestor hypotéz ©7

© Ako maximalizovat dand funkciu?
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GAML
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Bayesova veta

P(R|A)P(A)

PIAIR) = =
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GAML
0800000000

Bayesova veta

pAIR) = EIAPA) (RIL?I)?’; A
P(R|A)P(A)

A*(R) := arg max = argmax P(R|A)P(A
(R) %\ee P(R) %\ee (RIA)P(A)
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GAML
0800000000

Bayesova veta

pAIR) = EIAPA) (R;?f?’; A
P(R|A)P(A)

A*(R) := arg max = argmax P(R|A)P(A
(R) %\ee P(R) %\ee (RIA)P(A)

Predpoklad 1: jednotlivé ¢itania s nezavislé
Staci definovat model pre jedno &itanie: P(R|A) = [],cr P(r|A)

Predpoklad 2: vsetky gendmy majui rovnakd apriérnu pravdepobnost
P(A) = const = A*(R) = argmax [],cr P(r|A)
Ac©
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GAML
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Pravdepodobnost pre jedno Citanie a jeden chromozém

Pravdepodobnost pozorovania Citania r z pozicie i chromozému S

bi(r,S) =¢e9(1—¢)"

P(r|S) = Z bi(r,S) —Zﬁs,‘(r, rc(S))
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GAML
0080000000

Pravdepodobnost pre jedno Citanie a jeden chromozém

Pravdepodobnost pozorovania Citania r z pozicie i chromozému S
bi(r,S) :=¢e9(1—&)™

P(r|S) = Z bi(r,S) —Zﬁs,‘(r, rc(S))

P(r,S) =~ m Z g?(1—g)m

acAL(r,S)UAL(r,rc(S))
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Parové cCitania

y Reference Genome Sequence

—

35bp identified 330- 430 bp unknown sequence 35bp identified
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GAML
0000®00000

Pravdepodobnost pre jedno parové Citanie a jeden chromozém

1
'D(ra 5) ~ m Z psingle(al)Psingle(QZ)Porient(al7 32)
a1€BAL(n,S)
aHEBAL(n,S)
0 if Xo +Yo £ 1Vy,—x, <

. )(7 = H
Porient (X, Y) Pinsert(Yp — Xp)  otherwise
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GAML
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Heuristika na maximalizaciu

Simulované zihanie — hill climbing + dovolené zhorsenie

1 if f(x") > f(x)

P . X7XI = /
el ) exp (L;_f(x)) otherwise

___ T
)
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Priestor hypotéz

@ Hypotézy — konecnd mnozina sledov v komprimovanom de
Bruijnovom grafe, postavenom nad vstupnymi datami

o Pociato¢ny stav — vrcholy (sledy dizky 1), ktorym zodpovedajt
dostatocéne dlhé sekvencie (> 500 bp)

@ Prechody (moves) — spajanie dvoch sledov, nahodné predizenie
sledu, rozstrihnutie sledu, etc.
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deBruijn graph
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GAML
0000000080

@ Meranie kvality vysledkov (pévodny Gcel tohto PP modelu)

@ Moznost kombinacie viacerych typov dat:

argmax P(A|Ry, ..., Rx) = argmax P(R1|A)... P(Rk|A)
A A

Nevyhody

@ Vypoctova narocnost (v kazdej iteracii treba zarovnavat &itania ku
novému genému)
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HiC + GAML2
©0000000

Novy typ dat — frekvencie chromatinovych interakcif

3D struktira DNA

DNA v bunke je ulozenad ako kompaktnd struktdra, nazyvand chromatin
(Berkum et al. 2010, Science)
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HiC + GAML2
©0000000

Novy typ dat — frekvencie chromatinovych interakcif

3D struktira DNA

DNA v bunke je ulozenad ako kompaktnd struktdra, nazyvand chromatin
(Berkum et al. 2010, Science)

UNFOLDED POLYMER

FOLDED POLYMER

Equilibirium
globule
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HiC + GAML2
©0000000

Novy typ dat — frekvencie chromatinovych interakcif

3D struktira DNA

DNA v bunke je ulozenad ako kompaktnd struktdra, nazyvand chromatin
(Berkum et al. 2010, Science)

UNFOLDED POLYMER

e P il
Hindill
BAAGCTT
FOLOED POLYMER
Equilibrium Cross-section view ﬁ ' ;] /
globule =
W

e
F

oy Y
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HiC + GAML2
00000000

Ako vyzeraju data?
@ Na prvy pohlad st ako obycajné parové Citania

@ Jednotlivé Casti véak mbzu pochadzat z r6znych chromozémov

Pozorovania o charaktere HiC dat [Kaplan a Dekker, 2014, Nature]
@ cis-trans-ratio: Citania z jedného chromozému (cis-) st CastejSie ako z
dvoch réznych (trans-)

@ distance-dependent decay: distriblcia vzdialenosti medzi ¢astiami
cis-Citani ma exponencialny charakter
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HiC + GAML2
00®00000

PP model pre HiC data

Phic(r‘A) = Pcis - 'Dcis(r’A) + (1 - pcis) : Ptrans(r’A)
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HiC + GAML2
00®00000

PP model pre HiC data

Phic(r‘A) = Pcis - 'Dcis(r’A) + (1 - pcis) : Ptrans(r’A)
PC,'S(I’|S) ~

2|15| Z Psingle (a(l)) Psingle (3(2)) feXP (|al(71) - 31(72)|; S\MLE(R’ S))

aWeBAL(r,S)
a®eBAL(r,S)
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HiC + GAML2
00®00000

PP model pre HiC data

Phic(r‘A) = Pcis - c:s( ’A) + ( pcis) : Ptrans(r’A)
Peis(r|S) ~

1 o
ﬂ Z Psingle (3(1)) Psingle (3(2)> fexp (|3[(31) - a;(72)|; )\I\/ILE(Rv S))
aWeBAL(r,S)
a®eBAL(r,S)
> |BAL(r1,S)| - |BAL(r, S)|
(r]_,rg)ER

> > W4

(ri,r)eR aMeBAL(r,S)
a@eBAL(r2,S)

)\MLE(R 5)
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HiC + GAML2
000®0000

PP model pre HiC data

. 3 . 2
Ptrans(”’Sl, 52) =~ Z ps’;&"{;(’ 1) pSIgT§(| 2)
a1€BAL(r,51) 1 2
2EBAL(1,S,)

1Sil - 15l 1 1
Ptrans(r|A) ~ E (P(I’Si, 5:,) + *P(I"Sj, S,))
<ig<al D 1Sl 1S \2 2
1<u<v<|A|
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HiC + GAML2
00008000

PP model pre HiC data

Qb(ra S) = Z Psingle (a(l)) Psingle (3(2)) fexp (‘a,(gl) - 31(32)|; 5\))

aMeBAL(r,S)
a@eBAL(R,S)

1/1(f7 517 52) = Z psingle(al)psingle(a2)
a1€BAL(r1,51)
aQEBAL(I’Q,Sg)

o(r,A) = Z o(r,S)

SeA

\U(raA) = Z (¢(f,5i,5j)+1/)(f751,5i))

1<i<j<|A|
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HiC + GAML2
00000000

PP model pre HiC data

Pcis 1 — pcis
Phic(RIA) ~ H —— ®(r,A) + V(r, A)
rer 2 Z |Si| 8 Z |SU‘ ’ |5v,
Si€eA 1<u<v<|A|

Askar Gafurov (FMFI UK) 14, jina 2018 23/ 40



PP model pre HiC data

N:=A—-AD=A-A K=AnA

d(r,A') = &(r, A) — &(r, D) + &(r, N)

U(r,A)=V(r,A)=V(r,D)— > (¥(r,51,%)+1(r, 5, 5))+

S51€D,5eK

HU(r N+ Y (W(r, S1,5) +9(r, S2, 51))
S1EN,SeK

O(n) zlozitost od poctu sledov!
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GAML2++
[ Jelelele)

ZlepsSenia

© Reimplementacia tahu "Join with advice"

@ Cache pre vypocitané zarovnania

© Lepsi model pre Citanie, generované z daného miesta
© Apriérna pravdepodobnost genému P(A)

© Trest pre zle spojené useky

© Podpora parovych citani

@ Uprava tahu "Random extend"

© Novy tah "Untangle crossed paths"

© Vylepsené simulované zihanie
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GAML2++
[e Jelele)

LepSi model pre Citanie, generované z daného miesta
brew(a) 1= ejeile2 (1 — de; — eq — 3e4)?™
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GAML2++
[e Jelele)

LepSi model pre Citanie, generované z daného miesta
brew(a) 1= ejeile2 (1 — de; — eq — 3e4)?™

Apriérna pravdepodobnost genému P(A)
P(A) i~ TTsead 715! = 4™ 2seal®
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GAML2++
[eJe] Jelo)

Covered bases Reference strand

— ...................................................... — Paired read
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GAML2++
[e]e]e] o]
A A
C C
B B
E E
(a) Starting position (b) Move type 1
A
A B
c E
B

A 0 _

(c) Move type 2 (d) Move type 3
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GAML2++

GAML2 + HiC

Praca s parovymi
readmi

Spuriosly
joined contigs

GAML model
pre parove ready

GAML model

Priestor hypotez:

Biologicke vlastnosti pre single ready sledy v dBG
HIC
A
dBG Zostavovanie
genomu

Ready (single/parove)
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Vysledky
©0000000

Data

Organizmus: Saccharomyces cerevisiae, 16 chromozémov +
1 mitochondrialny

1000000

0 400000

-IDDDHDDDIIIIII_
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 MT

4
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Vysledky
0®000000

SRR4446972 — paired reads, 125 + 125 bp each. Total number 6162477.
Mean coverage is 128. Subsampled to 1 million reads — mean coverage =
21

SRR5077811 — Hi-C reads, 102 + 102 bp each. Total amount 91776947.

Mean coverage is 1506. Subsampled to 1 million reads — mean coverage
= 16.
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Vysledky
000®0000

2500
|

Observed interaction rate
1500
Il

X X . -
- X_%" -
- S 3
Q - 0 X
S o s KX
3 5 S e
SEEXTT

o ¢

T T T T
0 500 1000 1500 2000

Predicted interaction rate

Obr.: Trans interaction rate estimation. Green line shows the prediction of h; ;
based on chromosome size, red lines show the boundaries of 70% and 130%
relative errors. Overall, 91 out of 120 rates were predicted with relative error in the
boundaries (green circle stands for successful estimation and red cross for failure).
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Vysledky
[e]e]e]e] Jelele]

Interactions for chr 1 Interactions for chr 2 Interactions for chr 3 Interactions for chr 4

reauency
requency

100
L
requency
100

20 0 100 S0 0 500 -0 100 100 300 ss00 0 1000

Interactions for chr 5 Interactions for chr 6 Interactions for chr 7 Interactions for chr 8
1 LR s
- T - il LI
Interactions for chr 9 Interactions for chr 10 Interactions for chr 11 Interactions for chr 12

100
requency
100
L

Interactions for chr 13 Interactions for chr 14 Interactions for chr 15 Interactions for chr 16
ER I feq LR LR
o T o= T T T T T 7 T T

Obr.: Insert sizes for cis-reads on every chromosome (y axis is logarithmic)
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Vysledky
[e]e]e]e]

[e]e]

Velvet assembler —7/De Brujin graph/

Subsampled palred

Subsampling —/ read set
GAML2 Assembly
/Hi-C read set/;V Subsampling —%

Obr.: Experiment pipeline

Subsampled Hi-C
read set
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Vysledky
00000080

B e
g P e
? Vi g
! o
P : L ‘ ‘ ‘

o 5000 10000 15000 20000 25000 30000 o 5000 10000 15000 20000

Iterations Iterations
(a) Paired reads only. (b) Paired and Hi-C reads.

Obr.: Score during the computation of GAML2. Vertical blue line marks the start
of hill climbing phase, vertical red line marks the start of cleaning phase.
Transparent blue line stands for score decrease, which will be allowed by the
temperature with probability 10%. Transparent red line — 1%.
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Vysledky
0000000e

Metric

Velvet output

Only paired Paired + Hi-C

# contigs (> 500 bp)
# misassemblies
Total length
N50
L50
NA50
LA50

1450
2
11217 354
14809
241
14765
242

1098
76
11264014
18720
176
17564
197

986
102
11289460
21075
170
19608
181

Tabulka: Quality metrics for experimental results (by Quast analyser).
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Budica praca
[ 1]

Implementovat dalSie tahy do simulovaného zihania
Lepsie cacheovanie

Paralelné vypocty

Nové typy dat

Pouzivat hibku pokrytia pri zostavovani

Lepsi PP model pre Hi-C data

Predikcia karyotypu genému
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Budiica praca
oe

Dakujem za pozornost!
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